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1-Monopoly Power
2-William,M. Landes and Richard,A.Posner,"Market Power in Anti-

trust cases." B4 Harv.L.Rev. 937(1981).
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Henderson,J.M, and Quandt,R.E."Microeconomic theory"” Me Graw—

Hill Book Company, 178(1985).
2-Measures of monopoly power
3-Deadweight loss.
4-Concentration Ratio.
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Lerner,A.P."The concept of monopoly and the measurement of
monopoly power." Rev.Econ. Stud, 1934,
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2-Conjectural Variation
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2-Four (Eight-Tweleve)Firm Concentration
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1-Papandreou, A.G."Market Structure and monopoly power".American
Econcmic Review, 39(September 1949),883-97,
2-Coefficient of Penetration and Insulation.
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l1-Partial Indexes

2-Summary Indexes

3-The Gini Coefficient

4-Herfinahl,D.G."Concentration in the steel Industry"{(P.H.D.
dissertation,Columbia university,1950).
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“low-quality” New Chke and dramatically increased its advertising of “high-

Although e"social benefits of persuasive advertising may be hard to iden-
tify, the private benefits are obvious. Persuasive advertising may increase market
power and economic profits. The social costs of persuasive advertising, therefore,
may be substantial.

~

N, ookt

Advertising and Market Structure

=

One of the earlier models of the relationship between market structure and adver-
tising was developed by Dorfman and Steiner. They consider a monopolist char-
acterized by the following demand function:

Q = Q(P,A),

where Q represents the quantity demanded, P represents price, and A represents
advertising expenditures. The monopolist wishes to maximize profits represented
by I1 as follows:

M=TR-TC=P-Q-C(Q-A=P- Q(P A) - C(Q(P A)) - A, [13.6]

where TC = C(Q) + A = C(Q(P,A)) + A.

In the Dorfman-Steiner model, only Q is a function of A, whereas P is inde-
pendent of the level of advertising expenditures A. Two conditions are necessary
for profit maximization in Eq. 13.6. First, the monopolist must equate marginal
revenue to marginal cost. Recall from Chapter 2 that the MR = MC condition im-
plies:

- 1
! [13.7]
where ep is the price elasticity of demand.

Second, the monopolist must equate the marginal revenue associated with an
increase in advertising expenditures, ATR/AA, to the marginal cost of the addi-
tional advertising expenditures ATC/AA. Because Dorfman and Steiner assumed
AP/AA = 0, this condition can be written as: '

_ ATR PAQ MC = AC AQ + _ ATC

MR = [13.8]

AA AA AQ AA A A AAT
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Some algebraic manipulation of Eq. 13.8 yields the Dorfman-Steiner result:*

A _ S

PQ  lep| [13.9]

P

P—-MC]

Eq. 13.9 states that the advertising to sales ratio, A/PQ, is directly related to
the price-cost margin, (P — MC)/P; inversely related to the price elasticity of de-
mand, |ep|; and directly related to the advertising elasticity of demand, e,. The
advertising elasticity of demand, e,, is the percent change in the quantity de-
manded divided by the percent change in advertising expenditures. Industries in
which advertising expenditures have a large impact on sales have high advertis- .
ing elasticities of demand. For example, RCA and Hughes Electronics introduced
the DSS 18-inch satellite TV dish with a tremendous advertising blitz, and the re-
sponse from consumers was phenomenal.?! In this case, therefore, the advertising
elasticity of demand was very large. Eq. 13.9 creates a theoretical link between
market structure and advertising because 1/|ep| is the Lerner Index of marketag
power as discussed in Chapter 2. If the monopolist faces competition from substi ¥
tute products, ep is large, its price-cost margin is low, and the advertising sales
ratio will be small. As ep decreases, the price-cost margin increases, and the adve
tising to sales ratio increases. ‘

The basic Dorfman-Steiner mode! for monopoly suggests a positive link b
tween market power and advertising: as the Lerner Index of market power in:
creases, so does the advertising to sales ratio. The Dorfman-Steiner model, how,,,
ever, is a model of monopoly behavior, not a model of oligopoly behavior, and
therefore, its implications are limited. '

We now extend the model to cases of oligopoly.

*The algebra is as follows. Equation 13.8 can be written as:
pAiQ _ ACAQ
AA  AQAA
First multiply each side by AA to yield:

PAQ = AQAQ + AA.

The term AC/AQ is simply MC, so we have:
(P — MC) AQ = AA,
Next multiply each side of the equation by:

_A
PQAA’
which yields:

[P MC]_QA__AAA_A

P JAAQ PQAA PQ°

Because -’?‘—Q-A is the advertising elasticity of demand,

AQ

it follows that:

T%z(P =MC), - i




\ Y Advertising and Market Structure 321

pVERTISING AND OLIGOPOLY BEHAVIOR

Consider the Dorfman-Steiner model in the case of duopoly with two identical
firms. Firm 1's output is represented by q,, its advertising expenditures are repre-
sented by A;, and its market share is represented by m; = (q,/Q), where Q = q; + q,.
To simplify the analysis, we initially assume Cournot behavior with regard to ad-
vertising expenditures; that is, both firms assume their rival will maintain its cur-

rent level of advertising. The advertising elasticity of demand for Firm 1 is de- 7'. '
noted by e,y and is equal to:* "
| i 4
_ (AL Q} (Al Aml] T
e —, [13.10] [,

where m,, refers to the market share of Firm 1.

The two terms on the right-hand side of Eq. 13.10 represent the two effects of
an increase in advertising. The first term is the industry output effect. Firm 1’s in- il
creased advertising increases the demand for the generic industry product, not
just its own brand. If Coke increases its advertising, consumers will purchase
more soft drinks of all types, including Pepsi, 7-Up, Dr. Pepper, and store brands.

*The intuitive interpretation of this result is explained in the next paragraph. The technical de- o
rivation using calculus is: i

M=Pq = Clq) - Ar=Pq (P, A) - C(qy (P, A) — A, : ,.t :
To maximize profit take the derivative with respect to A; and set it equal to zero: N 151
aAl oq _ JA _ b
Sropgh - -G ep-MO G- =0 g
Now substitute the following relationship: ‘ ,és |
' \.
it
= i m h
ql QQ 1Q

to yield:
dr — (p - MC amQy _ ., _
dA, (P ) A 1 0,

recognizing that:

ImQ) _ ., dQ @1 Hg
A Mo TQ rf}!
for profit maximization, we obtain: q ’J
d“ P — MC _R + il
or multiplying both sides by F%L: w L}
B - (2=MC) Q1 o2 ][m]
Pqu P dAr l\ @
( P~ MC) mA JQ | A dmy
P‘h P q dA G A
Q
or
A [L’_:MQ) [_;_9_ ...LQ[BL]
Pq; P Q 8A1 my aAt

A et
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The second term on the right side represents the market share effect. If Coke in-
creases its advertising, its market share will increase relative to Pepsi, 7-Up, Dr,
Pepper, and store brands.*

An example may help to clarify Eq. 13.10. If initially Q = 1000 and q, = 500,
then m; = .50. Suppose Firm 1 increases its advertising by 1 percent, industry
output increases by 1 percent to Q' = 1010 and Firm 1’s market share increases by %
2 percent to m'; = .51. According to Eq. 13.10, the advertising elasticity of de- :
mand for Firm 11is ey = 1 + 2 = 3. Firm 1’s new output is m41Q' = (.51) 1010 =
515. The percentage change in ¢, is 3 percent.t As predicted by Eq. 13.10, a 1 per- -
cent increase in advertising expenditures results in a 3 percent increase in q;. ;

Substituting e,; from Eq. 13.10 into Eq. 13.9 yields:*

AL AQ
Q AA

AL _ (P—MC]EM _

o8 > ] [13.11}

P—-MC
P

h Am1
m, AAI

Eq. 13.11 suggests that oligopolists have an additional incentive to advertise, §
Not only does advertising increase the total demand for the product, Q, but it in“§
creases Firm 1’s market share, m;.

A comparison of Eqs. 13.9 and 13.11 suggests that for any given price-cost$
margin, the advertising to sales ratio will be larger in oligopoly than in monopoly}
because the advertising elasticity of demand, e,, is larger under oligopoly than )
under monopoly. Intuitively, an increase in advertising does not change the mo-
nopolist’s 100 percent market share, and this reduces the monopolist mcentlve "
advertise,

One implication of Eq. 13.11 is that firms in competitive environments tha
face highly elastic demand curves with low price-cost margins will advertise ve f\
little. In fact, as the price-cost margin approaches zero, the advertising to sales r
tio also approaches zero. This helps explain why individual farmers rarely advery
tise their wheat, milk, or oranges. Advertising in this case makes economic sen 56
only if the farmers advertise collectively through organizations such as the Amergg
ican Dairy Council or the Florida Orange Growers. ; E

There is.a potential problem with the formulation of Eqgs. 13.10 and 13;
Suppose the Cournot assumption concerning advertising is wrong, and Firm
chooses to increase its advertising in response to Firm 1’s increased advertising: §i
13.10 would then have to reflect the impact of Firm 2's increased advertising onf iy
tal industry output and on Firm 1’s market share. The new formulation would‘,

_ AL+ A) A(g; + gp) é_z_ﬁml](ﬁ_l AA?.) W1
€x1 & [130 ;

| Q1 + q2) A(Ag + A)

A] + Az m, AAI

A] _jA_]_Am]
my AAZ AZ AA, '

*Remember that assuming Cournot behavior regarding advertising, the other firm maint
level of advertising expenditures. We will relax this assumption shortly.

tThe percentage change in qq Is:

Cll 15
= X =
QO X 100 300 100 = 3%.

iSee the footnote on page 321 for the derivation of this result using calculus.
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Eq. 13.12 looks formidable, but it is simply the sum of three straightforward
terms. The first term represents the industry output effect and must be positive, It
incorporates the elasticity of industry output with respect to a change in total in-
dustry advertising expenditures (the term in brackets) and Firm 1’s share of indus-
try advertising.* The second term is identical to the second term in Eq. 13.10 and
is the market share effect of Firm 1’s advertising on Firm 1’s market share. This
term must be greater than or equal to zero. The additional third term reflects the
impact of Firm 2's increased advertising on Firm 1’s market share. The third term
typically would be less than or equal to zero because (Am;/AA;) £ 0 and (AA,/AA,)
would usually be greater than zero. In theory, however, (AA;/AA;) could be nega-
tive if Firm 2 received so much benefit from an increase in Firm 1’s advertising
that it decided to reduce its own advertising in response.

Which formulation of ey, Eq. 13.10 with Cournot behavior or Eq. 13.12, is
closer to reality? We know that under duopoly the prisoner’s dilemma makes re-
taliation in response to price reductions fairly certain, but a response to a new ad-
vertising campaign is much more problematic. Price cuts can be matched imme-
diately, whereas a new advertising campaign takes time to devise and implement.
When Miller Lite commercials hit the television airwaves, it took quite some time
for competitors to respond effectively, and much of Miller’s increased market
share has remained in place for decades. Until competitors come up with an ef-
fective advertising response, the firm that moves first with a successful campaign
may significantly increase its market share.

Advertising campaigns, however, are inherently unpredictable. Optimistic
firms tend to overestimate the positive second term in Eq. 13.12 and underesti-
mate the negative third term. If the negative third term in Eq. 13.12 is underesti-
mated or ignored, firms will have a tendency to advertise beyond their profit-
maximizing level of advertising.

The possibility of excessive advertlsmg beyond the profit-maximizing level
can also be explained by the prisoner’s dilemma. Figure 13.9 depicts a possible
payoff matrix for high and low levels of advertising. This game has a dominant
solution. Regardless of the competitor’s choice, it always pays to choose a high
level of advertising expenditures, and each firm will earn an economic profit of
$100 million. If the two could manage to solve the dilemma, they would reduce
their advertising expenditures to a low level and earn a profit of $120 million
each. Overspending on advertising costs each firm $20 million in profits.

Evidence suggests that oligopolists often engage in excessive advertising of
the type suggested by Figure 13.9. One of the most frequently studied examples is
cigarette advertising. When antitrust policy broke up the American Tobacco
Company and turned the industry into an oligopoly, advertising expenditures in-
creased from $4.3 in 1910 to $13.8 million in 1913.22 In the 1950s the introduc-
tion of king-sized cigarettes caused a sharp escalation in advertising expendi-

* tures.23 More recently the ban on television and then radio advertising in the

1960s and 1970s resulted in a simultaneous decrease in advertising expenditures

*An alternative formulation weights the term in brackets by Firm 1’s share of industry output.
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Chapter 13—FProduct Differentiation and Advertising :

Firm 2 Firm 2 A
high advertising low advertising i
axpenditures expenditures o
Firm 1 .
high advertising 100, 100 130, 80 £
expenditures :
Firm 1 A
low advertising 80, 130 120, 120 e
expenditures E iy
— I
Figure 13.9 Oligopolistic advertising and the prisoner’s dilemma (Firm 1's profits in $million, Firm ¢ _
2's profits in $million). { .

and increase in profits. This evidence suggests that cigarette advertising has ofte]
gone beyond the joint profit-maximizing level 24

In a detailed econometric study of advertising in European markets, Lamb
found that many industries appeared to advertise beyond the joint profit-§es
maximizing level. These included the gasoline, coffee, yogurt, insecticide, dei
odorant, detergent, and soft drink industries.25 Netter found similar results fo
sample of American industries.26 ‘

To summarize the main conclusions concerning advertising to this point:

low advertising to sales ratios.
2. As a firm’s price-cost margin increases, so should its advertising to sales raf )
3. Ceteris paribus, oligopolists will have larger advertising to sales ratios th
monopolists or competitive firms.
4. Oligopolists may tend to engage in excessive advertising.

Figure 13.10 summarizes the expected relationship between market powe
and advertising expenditures. The relationship is nonlinear. The advertising
sales ratio increases with increases in the concentration ratio up to level CR*
decreases with increases in concentration beyond that level. Notice that thei
nopolist’s advertising is significantly greater than the perfectly competitive le
of advertising. 5

So far we have concentrated on the relationship between market stru
and product differentiation by emphasizing a theoretical link suggesting th
creased concentration causes increased product differentiation; that is, incre
market power causes increased advertising. The link between market structif
and product differentiation, however, may run in the opposite direction, wi b
creased product differentiation causing increased concentration.?” The dis '
of product proliferation in Chapters 11 and 12 suggested such a linkage,
the discussion of raising rivals’ costs through advertising in Chapter 11. W
consider this alternative view of the relationship between product differentiat
and market structure.
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Advertising to
sales ratio
a
0% CR* 100%

Concentration ratio
Figure 13.10 A nonlinear relationship between concentration and the advertising to sales ratio.

Consider the market for a newly introduced experience good, hypothetically
called a zerbit. Recall that experience goods are goods whose qualities can only be
identified through trial after buying the good. Examples include beer, toothpaste,
soap, toiletries, cereal, refrigerators, and washing machines.

The first mover into the zerbit market faces a problem because consumers are
initially uninformed about zerbits. Consumers, therefore, risk being disappointed
if they purchase a zerbit for the first time. In Figure 13,11, if all consumers wete
fully informed about zerbits the demand would be:

P=100-Q.

Before their introduction, however, all consumers are uninformed about zerbits
and risk buying a zerbit and disliking it. Uninformed consumers will be willing to
pay less for zerbits than informed consumers, so the demand for zerbits before in-

troduction is less than P = 100 — Q. Assume the demand for zerbits if all con-
sumers are uniformed is:?8

LAY B R I A B o

-

z



\&d

326 Chapter 13—Product Differentiation and Advertising
Dollars
;
100 \C .3
v
" 4
5
‘. 1]:
75 g
B
50
375
25 A
12.5
Quantity
0 25 50 75 100

Figure 13,11 The demand curve for a first mover in the zerbit market.

P=(100-Q) (1 —-m,

where 7 represents the risk-cost factor of trying zerbits for the first time. 7 meazg
sures the risks associated with wasting money on the purchase of a good that, i
consumer might dislike. The risk-cost factor 7 is larger the larger the probabili y.ofl
a bad consumption experience. In addition, T is larger with less frequent re peatyy
purchases because with infrequent repeat purchases the consumer is “stuck” wl t‘,
a bad decision for a long time. For example, 7 is larger for a washing macilit3
than a box of cereal because a mistake in buying a box of cereal can be corr '-"
in a matter of days, whereas a bad washing machine can cause the consut
problems for years.

If T = 0.5, then the introductory demand for zerbits is:

P=(100-Q)(1—0.5)—-50—-“Q

first mover faces the lower demand curve, P = 50 — -Q Suppose that th

mover decides to introduce zerbits at a low introductory price of P = 25 and' 7
fifty units. After the introductory offer ends, demand increases to P = 100 — [0
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the fifty consumers who are completely informed, and the first mover monopo-
list can increase price to P = 50 and continue to sell fifty zerbits. After introduc-
tion, the new demand curve for the first mover is depicted in Figure 13.11 as the
red kinky line CBAE, which is composed of part of the informed and part of the
uninformed demand curves.

Even if Firm 2 develops a zerbit that is actually identical to the first mover’s
zerbits, it faces a different demand curve than line CBAE because consumers can-
not be certain that Firm 2's zerbits are actually identical to Firm 1’s Zerbits. To de-
rive Firm 2's demand curve, it is necessary to separate consumers into two groups.
Group 1 consists of informed consumers who are already “hooked” on the first
mover's zerbits. Each of these consumers, except the fiftieth consumer, receives
consumer surplus greater than zero from the consumption of zerbits. Consider
the consumer who buys the twenty-fifth zerbit: that consumer’s reservation price
is 75 while the price is 50, so for the consumer of the twenty-fifth zerbit, con-
sumer surplus equals 25 (75 — 50). What is the highest price this consumer would
pay to try Firm 2's zerbits? Assume group 1 consumers would pay a maximum
price to try Firm 2's zerbits of:

P=(100-Q)(1 -7 -5,

where S represents the amount of current consumer surplus the consumer re-
ceives from the consumption of the first mover's zerbits. Consumer surplus enters
into the consumer’s decision because the consumer risks sacrificing this con-
sumer surplus if he or she tries Firm 2’s zerbits and does not like them. For the
consumer of the twenty-fifth zerbit in Figure 13.11, S = 25, and therefore, the
maximum price this consumer would be willing to pay to try Firm 2’s zerbits is:

P=(100-Q)(1 -7 —S§= (100 — 25) (1 - 0.5) — 25 = 75(0.5) — 25 = 12.5.

This creates a large first-mover advantage because the twenty-fifth con-
sumer would rather continue to pay 50 for the first mover’s zerbits rather than try
Firm 2’s zerbits at a price greater than 12.5. The consumer of the fiftieth unit re-
ceives no consumer surplus and would try Firm 2’s zerbits at a price of P = (100 —
50) (0.5) — 0 = 25, and the consumer of the tenth unit receives consumer surplus
equal to 40 (90 — 50) and would try Firm 2's zerbits at a price of P = (100 — 10)
{0.5) — 40 = 5. In Figure 13.11, the line OA traces out the maximum price that
each group 1 consumer would pay to try Firm 2’s zerbits.

Group 2 consumers have never tried zerbits because the first mover’s intro-
ductory price of 25 was above the reservation price that they were willing to pay
to try zerbits. Group 2 consumers lie on the section of the uninformed consumer
demand curve depicted by AE. To induce these consumers to try its zerbits, Firm 2
must charge a price below 25.

If the first mover continues to charge P = 50, Firm 2 will have to charge a
price below 25 to sell any zerbits.2% Firm 2’s demand curve in Figure 13.12 is de-
rived by taking the horizontal difference between the upward sloping line seg-
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Figure 13,12 Derivation of Firm 2's demand curve in the zerbit market.

Quantity

ment OA and the downward sloping red line segment AE. Consider the followi
points on the demand curve for Firm 2's zerbits:

(1) (2) (1) Minus (2)
Quantity on Quantity on Firm’s 2 \4
Firm 2’s Line AEin Line OA in Quantity

Price Figure 13.12 Figure 13.12 Demanded
25 50 50 0
20 60 40 20
15 70 30 | 40
12.5 75 25 | 50

10 80 20 60
S 90 10 80
0 100 0 100

Firm 2's introductory demand curve is:

1
Pz = 25 — Zqz
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\CA

This lower demand curve places Firm 2 at a tremendous disadvantage vis-a-
vis the first mover. While the first mover sells at a price of 50, Firm 2 will have to
sell at a price below 25. For example, recall the consumer of the twenty-fifth zer-
bit. This consumer would have tried the first mover’s zerbits at a price of 37.5 but
will try Firm 2’s zerbits only at a price below 12.5. To capture consumers with
high reservation prices, Firm 2 must charge a very low price.

If there are significant sunk costs associated with entry, Firm 2 may find it
impossible to enter and earn a profit. Suppose, for example, that the marginal
cost of producing zerbits is constant and equal to 10, and sunk costs are 400. If
Firm 2 enters at its profit-maximizing introductory price of 17.5, it sells thirty zer-
bits, and profits would be:*

[T=PQ — mcQ ~ Sunk Costs = (17.5)(30) — (10)(30) — 400 = —-175.

Under these cost conditions, Firm 2 cannot enter and earn a profit. However, the
first mover has already paid its sunk costs and earns a profit of:

[T =PQ — mcQ = 50(50) — 10(50) = 2,000

In response to entry, the first mover is capable of responding aggressively and
lowering price below 50 while still earning a substantial economic profit. This
serves as an additional deterrent to entry.

Empirical evidence of the success of first movers is particularly strong in the
pharmaceuticals industry. Several studies have found that first movers in this in-
dustry retain a large advantage over late entrants, even when the first mover’s
price remains well above the entrant’s price. Masson and Steiner found that re-
tailers paid far more for leading branded drugs than the competitive generic drugs
of late entrants.3¢ For a sample of twenty-nine drugs, Hurwitz and Caves found
that the price of branded leaders was more than twice the price of latecomer
generic equivalents.31 In the Hurwitz and Caves study, the market leaders contin-
ued to dominate, despite selling at much higher prices. In addition, the leaders’
market shares were positively related to their investment in sales promotion, in-
cluding advertising.

There are many other documented cases of first movers maintaining domi-
nant shares despite selling at higher prices than late entrants.32 Some of the well-
documented cases were discussed in earlier chapters, including Clorox liquid
bleach, Realemon reconstituted lemon juice, Campbell’s soups in the United
States, Heinz soups in Great Britain, and Coca-Cola soft drinks.

*From the twice as steep rule,
1
MR =25 - =Q.
R 5

For profit maximization, MR = MC:
25 — %Q= 10 or Q = 30.
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7| Advertising as a Barrier to Entry

Recall from Chapter 5 that there may be an absolute cost advantage for incumbent
firms associated with the cumulative effects of advertising. Because advertising
generally has an effect on future as well as current demand, it must be viewed as
an investment rather than a current expenditure. Successful advertising cam-
paigns have impacts far into the future. Miller Lite’s “tastes great, less filling”
campaign ended many years ago, yet the impact of that campaign continues into
the present. If the impact of advertising is cumulative, entrants have to overcome '
not only current advertising efforts but also the impact of past campaigns by es.
tablished firms. If a new cola manufacturer wishes to compete with Coke and
Pepsi, it will have to spend far more on advertising in its first few years than the.
combined amounts spent by Coca-Cola and Pepsico. The cumulative impact of
advertising provides a powerful advantage for successful first movers.

Figure 13.13 shows the possible advertising advantage for first movers. Twok#

sponse function is Q = f(A), where Q is sales and A is number of advertising me
sages. The entrant’s advertising response function is first horizontal, then rises at}
an increasing rate, then rises at a decreasing rate, and finally decreases. This as:3
sumes a threshold level of advertising messages, AM; in Figure 13.13, that the en
trant must exceed to have any impact on sales.* Once the threshold level i

*Figure 13.13 is based on the assumption that consumers must be saturated with some minim
level of advertising to learn about the existence of the good and be enticed into a trial. :

Quantity
Incumbent’s response
function
Entrant’'s response
function
0 AM; Advertising messages

Figure 13.13 Comparison of an incumbent's and an entrant’s advertising rasponse function
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reached, the marginal impact of additional advertising messages increases, then
the marginal impact decreases, and finally the marginal impact becomes negative
as consumers become tired of the advertising campaign and respond with a nega-
tive backlash. An incumbent firm has no threshold level of advertising because
the cumulative effect of previous advertising campaigns ensures that current ad-
vertising has an immediate impact on sales. Because the impact of previous ad-
vertising has not been completely depreciated, the incumbent firm will have a
higher level of sales for any given level of advertising expenditures. This results in
lower average advertising expenditures for incumbents than for established firms.

The threshold level of advertising expenditures for entrants is a sunk cost as-
sociated with entry and creates an entry barrier because incumbent firms have
paid this sunk cost in the past. If the threshold level of advertising is large, the
sunk costs of entry will rise significantly and the capital barrier to entry will in-
crease. High sunk costs result in a more or less permanent advantage for first
movers over late entrants, The ability of Miller Lite to maintain a large market
share in the face of a great deal of entry into the light beer market may be viewed
in part as a result of Miller's first mover advantage. Even a financially strong en-
trant may find it difficult to overcome the sunk costs of entry. Kodak learned this
lesson when it attempted to enter the consumer battery industry.33

AWl Strategic Advantages of Heavily
dvertised Brands

Established brands have an ability to respond aggressively to entry by expanding
advertising. Recall from Chapter 10 that given asymmietric information, firms
might attempt to preempt future entry by cutting price in response to current en-
try. In markets dominated by heavily advertised brands, established firms may re-
spond to entry by aggressively expanding advertising.

Several examples of aggressive advertising responses to entry have been docu-
mented. At the turn of the century when the American Tobacco Company was
threatened with a loss of market share to Turkish tobacco brands, it responded by
introducing its own Turkish tobacco brands ard increasing its advertising expen-
ditures from 0.5 percent to 20.3 percent of sales.3* When Procter & Gamble intro-
duced a new decaffeinated coffee, “High Point,” in 1980, General Foods increased
the advertising of its dominant brand “Sanka” by more than 700 percent to $90
million a year.3% Minute Maid and Tropicana also responded aggressively to Proc-
2 ter & Gamble’s entry into the ready-made orange juice market in 1983.36
' Cubbin and Domberger found that for a sample of forty-two British firms in
3 eighteen consumer goods industries, dominant firms were much more likely to
' respond to entry with a large increase in advertising.3” Significant retaliation oc-
curred in 61 percent of the markets (11 of 18) and by 38 percent of established
firms (16 of 42).

These examples of the strategic use of advertising in response to entry are
consistent with the findings of Smiley reported in Chapter 11 that advertising is
the most commonly used method of entry deterrence.
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Product Differentiation and Increased

Competition _ |

| Advertising and Welfare

CASE I: D(A) AS THE WELFARE STANDARD

To this point the emphasis of this chapter has been on how product differentia. s
tion and advertising result in increased market power. Product differentiation and -
advertising, however, may result in lower levels of market power. We have al. 43
ready noted that informational advertising is likely to have a procompetitive im.~ ™
pact. In addition, numerous case studies show that advertising can lead to a de
crease in concentration. Advertising may be the only effective methocl of enterin

The small satellite dishes provided new competition to cable systems and la
satellite dish systems. Market penetration for the DSS system would undoubte
have been far lower in the absence of a huge advertising campaign.3® In the fa
food industry, the entry of Wendy’s and Subway on a national level was ma
possible through extensive advertising campaigns Advertising also helped Jap

Coke’s.

creased level of advertlsmg The increased advertising causes an increase ln
mand from D(A) to D(A*). Marginal cost, excluding advertising, is MC, and P
p*, and Q* represent the profit-maximizing levels of price and output given Aang
A*, respectively. Dixit and Norman note that two different welfare standards
be applied: one is based on the lower demand curve D(A), and the other is b
on the higher demand curve D(A*).

First consider the change in welfare based on the lower demand curve D(A)
welfare standard. Advertising results in an increase in consumption of Q
and this increase in consumption causes an increase in social surpius €q
area DEGF, or the red shaded area in Figure 13.14. The change in welfare i
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Figure 13.14 The welfare effacts of increased advertising.

fore the red shaded area minus the increased cost of advertising (A* — A). (Note
that the increased cost of advertising [A* — A] is not shown in Figure 13.14.)

Now consider the change in welfare based on the hlgher demand curve D(A*) as
the welfare standard. An increase in consumption of Q* — Q causes an increase in
social surplus equal to area ACGF or the sum of the dark gray and red solid and
shaded areas. The change in welfare is therefore the dark gray and red solid and
shaded areas minus the increased cost of advertising (A* — A), which is not shown
in Figure 13.14. For small changes in advertising, the dark gray and solid red areas,
area ACED, will be very small relative to the red shaded area, area DEGF, and
therefore, the red shaded area, area DEGF, minus (A* — A) is a close approximation
of the change in welfare associated with a small change in advertising.

Regardless of the standard being used, in Figure 13.14 the red shaded area
minus (A* — A) is a good approximation of the change in welfare associated with
a small change in advertising.

An alternative approximation of this area and of the welfare change is:

AW = (light gray + solid red + red shaded area) — 13.13
(light gray area) — (A* — 4A) [13.13]
The (light gray + solid red + red shaded area) — (A* — A), however, is simply the
change in profits, A, associated with an increase in advertising from A to A*. Eq.
13.13, therefore, can be expressed as:

A
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L/ Empirical Evidence

. ;

AW = Am — (light gray area) = Amw — Q(Ap). [13.14] .4

Dividing both sides of Eq. 13.14 by AA, the change in welfare associated wnth

a change in advertising can then be identified as:

AW _ Am ~Q
AA AA AA”

The term AII/AA is the marginal profit associated with a change in advertjs.::
ing expenditures. Profit maximization requires that: the monopolist continue tg’
increase advertising as long as AII/AA > 0, and therefore, for the last dollar spen
on advertising, AII/AA = 0. Using this fact, we see that profit maximization re
quires that for a small change in advertising:

AW _ Am Q _
AA  AA AA

- QA% <o, (13.16)8

The implication of Eq. 13.16 is that for a profit-maximizing monopolist;
slight decrease in advertising must increase welfare. From a social standpoint t
monopolist’s advertising is excessive. _

In regard to the Dixit and Norman welfare analysis, Fisher and McGowan
gued that it is generally improper to compare welfare on the basis of just one'o "
the two demand curves because advertising changes consumers’ preferences, and "
therefore, the consumers’ utility, given demand curve D(A), cannot be comparedi®
with the consumers’ utility given demand curve D(A*).42

Advertising and product differentiation, in theory, can have a positive or neg

formative and persuasive advertising, most studies have classified goods into
ferent categories based on their characteristics and the way they are marketed

Recall that experience goods include consumer nondurable convenis
goods such as beer, toothpaste, soap, toiletries, and cereal. Search goods inclug
fruits and vegetables, shoes, and sofas and chairs. Theory suggests that muchyg
the advertising associated with experience goods is persuasive, and much of 8
advertising associated with search goods is informational.

Another important distinction is between manufacturers’ advertising an
tailers’ advertising. Manufacturers’ advertising tends to emphasize persuaswﬂ
the importance of brand loyalty, whereas retailers’ advertising is more likely A
emphasize lower prices. A great deal of manufacturers’ advertising is throughf L~
vision and radio, whereas most retailers’ advertising appears in the print m‘
Given these characteristics, manufacturers’ advertising is more likely to havese
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competitive effects, and retailers’ advertising is more likely to have a positive im-
pact.

Empirical attempts to identify the nature of the relationship between adver-
tising and market power are plagued by one serious problem: the direction of the
relationship is uncertain. Advertising may erect an entry barrier that enables
firms to earn high profits. However, high profits may enable firms to spend large
amounts on advertising. Statistical investigations of the relationship between
profits and advertising, therefore, may suffer from simultaneity bias. The studies
noted below generally assume that causation runs from advertising to profitabil-
ity; that is, advertising erects an entry barrier that enables firms to earn high prof-
its. It is important to recognize, however, that the direction of causation from
profitability to advertising is equally plausible. Many of the studies apply statisti-
cal techniques aimed at correcting for this problem.* Given this important
caveat, we proceed to the current state of empirical evidence.,

Empirical evidence has generally been consistent with expectations.43 First, a
large number of statistical studies in manufacturing industries have attempted to
5 explain the determinants of profitability by using advertising as one of a group of
> independent variables. Table 13.2 summarizes the results of these studies.
Twenty-five of the thirty-three studies showed some evidence of a positive and
v statistically significant relationship between profits and advertising. In ten stud-
ies the advertising variable was statistically insignificant in at least some portion
*. of the study, whereas in two studies the sign of the advertising variable was inde-
b terminate because the sign was sometimes positive and sometimes negative.
Table 13.2 suggests that advertising is likely to exert a positive influence on prof-
' its in manufacturing industries.

The studies in Table 13.2 examined the relationship between profits and ad-
vertising; other studies have analyzed the link between prices and advertising.
The National Commission on Food Marketing found, for example, that adver-
tised brands consistently sold at higher prices than non-advertised distributors’
brands.44 On average, prices were 21 percent higher for the advertised brands.
Similarly, Morris found that advertised brands of instant coffee, margarine, and
toothpaste were sold at much higher prices than distributors’ brands in Britain.+
For a sample of 133 processed food products, Wills and W. F. Mueller found a
strong relationship between advertising outlays and prices.46 Overall there is an
impressive body of evidence that on average manufacturers’ advertising results in
higher profits and prices.

With regard to retailing, the evidence is much more limited, but several stud-
ies provide valuable insight. The empirical evidence concerning the relationship
between retailers’ advertising and profits leads to a very different conclusion than
the evidence with regard to manufacturers’ advertising. Much of this evidence
was presented earlier in this chapter. Recall that eyeglass prices were significantly
lower in markets that permitted optometrists to advertise than in markets that
prohibited advertising, and prescription drug prices were lower in states that per-
mitted price advertising.4” Furthermore, local newspaper advertising reduced the

*The technique uses a simultaneous system of equations to estimate the relationship between
profits and advertising.




It°¢

e

;

E X

TABLE 13.2 Summary of Studies of the Relatibnship Betwes

and Advertising in Manufacturmg,l_ndust'rigé, iy

Ie
et

Torim eI YRy e e 40

Relationship Between Profits
and Advertising
Not 3
Positive Negative Significant Indeterminata -, ;
Author{s}—Year of Study (+) {-) (e) 4] s
B. Imel and P, Helmberger—1971 e ‘ :i
L. £sposito and F. Esposito—1971 1 e
W. Shephard—1972 +2
J. Vernon and R. Nouse—1973
K. Boyer—1974 +
M. Porter—1974 +3 gt
P. Nelson—1975 . ?

R. Caves, J. Khalilzadeh-Shiraz,
M. Porter—1975

J. Datton and J. Penn—1976 + ;

A. Strickland and L. Weiss—1976 +5 el

R. Stonebrzker—1976 +

P. Hart and E. Morgan—1877 +

J. Carter—1977 +

S. Nickell and D. Metcalf—1978 +
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H. Grabowski and D. Mueller—1878 e’

M. Porter—1979 e

1For consumer goods. 4Far nonconvenience goods. &For consumer goods.

2Feor consumer goods. SFor nroducer goods. 7Pharmaceuticals industry on, )

3For convenience goods.
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1974): 429; Philip Nelson, "The Economic Consequences of Advertising,” Journal of Busim
(April 1975): 237; Richard E. Caves, J. Khalilzadeh-Shirazi and M. E, Porter, “Scale Econom:
Statistical Analyses of Market Power,” Review of Economics and Statistics (May 1975): 133;
A. Dalton and D. W. Penn, “The Concentration-Profitability Relationship: Is There a Crltlcal L
centration Ratio?” Journal of Industrial Economics 25 (1976): 133-42; Allyn D. Strickland}
Leonard W, Weiss, “Advertising, Concentration, and Price-Cost Margins,” Journal of Po
Economy (October 1976): 1108-21; John Carter, “In Search of Synergy: A Structure-Perfo
Test,” Review of Economics and Statistics 59 (1977} 279-89; R. J. Stonebraker, "Corporate.
and the Risk of Entry,” Review of Economics and Statistics 58 (1976): 33-9; P. Hart and E. M
“Market Structure and Economic Performance in the United Kingdom,” Journa:’ofl‘ndusl'ﬂf
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M. Salinger—1984 +
J. Borthwell, T. Cooiey and

T. Hall—1984 +
R. Connoly, M. Hirschey—1984 e
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|. Domowitz, R. Hubbard, and
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Economic Journal 88 (1978): 107-20; H. G. Grabowski and D. C. Mueller, “Industrial Research and
Development, Intangible Capital Stocks, and Firm Profit Rates,” Bell Journal of Economics 9
{1978): 328-43; M. E. Porter, “The Structure Within Industries and Companies’ Performance,” Re-
view of Economics and Statistics 61 (1979}); 214-27; Stephen Martin, “Entry Barriers, Concentra-
tion and Profits,” Southern Economic Journal 46 {1979): 471-88; T. Nakao, “Profit Rates and Mar-
ket Shares of Leading Industrial Firms in Japan,” Journal of Industrial Econornics 27 (1979):
371-83; Stephen Martin, “Advertising, Concentration and Profitability: The Simultaneity Prob-
lem,” Bell Journal of Economics (Autumn 1979): 639-47; P. Geroski, “Specification and Testing
the Profits-Concentration Relationship: Some Experiments for the UK,” Economica 48 {1981):
279-88: T. T. Nagle, “Do Advertising-Profitability Studies Really Show that Advertising Creates a
Barrier to Entry,” Journal of Law and Economics 24 {1981): 333-80; P. A. Geroski, “Simultaneous-
Equation Models of the Structure-Performance Paradigm,” European Economic Review 19 (1982):
145-58; R. M. Bradburd and R. E. Caves, “A Closer Look at the Effect of Market Growth on Indus-
tries” Profits,” Review of Economics and Statistics 64 (1982): 635-45; David Ravenscraft, “Struc-
ture-Profits Relationships in Line of Business and industry Level,” Review of Economics and Sta-
tistics 65 (1983): 22-31; V. Gupta, “A Simultaneous Determination of Structure, Conduct and
Performance in Canadian Manufacturing,” Oxford Economic Papers 35 (1983): 281-301; R. Clarke,
“Profit Margins and Market Concentration in UK Manufacturing Industry; 1970-6," Applied Eco-
nomics 16 (1984): 57-71; Michael Salinger, “Tabin's ¢, Unionization and the Concentration-Profits
Relationship,” Rand Journal of Economics (Summer 1984): 169-70; James L. Bothwell, ThomasF.
Cooley, and Thomas E. Hall, "A New View of the Market Structure-Performance Debate,” Journal
of Industrial Economics (June 1984}): 397-417; John E. Kwoka, Jr. and David J. Ravenscraft, “Co-
operation vs. Rivalry: Price-Cost Margins by Line of Business,” Economica {August 1986): 351-63;
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bard, and Bruce C. Petersan, “The Intertemporal Stability of the Concentration-Margins Relation-
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profits of convenience goods, and magazine advertising tended to increase the
level of price competition for shopping goods such as furniture and appliances 48
Furthermore, although Boyer found a significant positive relationship between
advertising and profits for manufacturing industries, he also found that for retai-
ing there is a significant negative relationship between advertising and profits.4 |
Overall, it appears that in retailing, advertising exerts a negative effect on profits,

SUMMARY | fra nd fnodel w1th product dlfferentlatlon sug

Y

St arket POWET, Increaéed advertlsmg expendltures can be us
aiSevalsicosts and detet entry. .

' w;i nce supports the posmon that advertlsmg can have posi-
1egative ,ects Generally, posmve effects are: assoc1ated with r

KEY TERMS

advertising response function informational advertising
convenience goods petsuasive advertising
Dorfman-Steiner model search goods

experience goods shopping goods
first-mover advantage simultaneity bias

horizontal product differentiation vertical product differentiation
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DISCUSSION QUESTIONS

1. In what type of market structure would you expect the most product differen-
tiation: perfect competition, oligopoly, or monopoly? Why?

2. You are to argue in a debate on the topic, “advertising is a waste of society’s
resources.” Which side of the argument would you prefer to argue: pro or
con? Why?

3. In 1964 the United States banned television advertising of cigarettes. Is it pos-
sible that the television advertising ban increased the cigarette industry’s prof-
its? Explain.

4. Suppose society decided to place an “excess advertising tax” on advertising
above 5 percent of a firm’s gross sales. Do you believe such a tax would im-
prove economic efficiency? Would firms such as Coca-Cola and Pepsico fight
such a tax? Should they fight such a tax?

5. Which market structure is likely to result in the most advertising: perfect
competition, oligopoly, or monopoly? Why?

6. Are oligopolists likely to advertise at the joint profit maximizing level? Ex-
plain why or why not.

7. Does empirical evidence suggest that advertising is a barrier to entry? Why or
why not?

PROBLEMS

1. (You need a calculator to answer this problem.) In the Bertrand Model with
product differentiation, suppose that the two Bertrand firms face the follow-
ing symmetric demand curves:

1
q; =96 — 2p; + 5P2

"
q2=96—2p2+5p1

where q,, q;, 20 and py, p; < 48

a. Is product differentiation more or less significant in this example than in
the example given in the text in Eqs. 13.1A and 13.1B? Why?

b. Given your answer to part (a), would you expect the equilibrium price to
be higher or lower than the equilibrium price of 40 given Eqs. 13.1A and
13.1B?

¢. Find the Bertrand equilibrium.

2. The Waldman Ice Cream truck example used two trucks. The Nash equilib-
rium in the absence of collusion was for the two firms to locate at the middle.
Interestingly, if there were three trucks competing instead of two, no Nash
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Game Theory:
' A Framework for
. Understanding

s
%)

. Oligopolistic
Behavior

n the next few chapters a number of models of oligopolistic behavior are intro-
duced. These models attempt to explain pricing in oligopolistic industries.
" Trying to predict oligopolistic price or nonprice competition presents many diffi-
' cult problems for economic theorists. In the past these models often appeared to
have little in common, and this section of an industrial organization course
sometimes seemed liked a series of unrelated and highly speculative models of be-
havior. Recently the application of game theory to models of oligopoly behavior
has established a basic framework for understanding this section of the course, In
this chapter we introduce some of the basic game theoretic approaches used to
examine oligopoly behavior.! In the next few chapters it will become clear why
game theory provides a semblance of glue for holding the different models of oli-
gopoly behavior together.

For more than 100 years one point has been apparent to economists: oligop-
olists recognize their interdependencies. General Motors understands that its ac-
tions affect Ford, Chrysler, Toyota, Nissan, and all other automobile manufactur-
ers. When the number of competitors is relatively small, each firm realizes that
any significant move on its part is likely to result in countering moves by its com-
petitors. In this sense oligopolistic competition can be viewed as a “game,” in
which one move results in a counter-move by competitors. The illustrative games
presented in this chapter are played by duopolists. As shown in later chapters,
however, the implications of most of the results are true even when the number
of players is greater than two.

e e e s it o s mvme &
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Chapter 6—Game Theory: A Framework for Understanding Oiigopolistic Behavior

What Is Game Theory?

Game theory is the study of how interdependent decision makers make choices.
Game theory can be used to provide insight into many types of decision making,
from political decisions such as voting to sports decisions such as whether a ten-
nis player serves to the forehand or backhand side. In the last two decades game
theory has been used by economists to analyze a wide variety of economic inter-
actions. In industrial organization the primary concern is the interactions be-
tween competing oligopolists, and game theory provides a useful framework to
understand these interactions.

A game must include players, actions, information, strategies, payoffs, out-
comes, and equilibria. Together the players, actions, and outcomes define the rules
of the game. The following simple definitions will be helpful as we proceed with
the text:

1. The plavers are the decision makers. In most of our games the players will be
two or more oligopolists, or a monopolist and a potential entrant.

2. The actions include all of the possible moves that a player can make.

3. Information is modeled by defining how much each player knows at each
point in the game.

4, Strategies are rules telling each player which action to choose at each point in
the game.

5. Payoffs usually consist of the profits or expected profits the players receive
after all of the plavers have picked strategies and the game has been played
out.

6. The outcome of the game is a set of interesting results the modeler selects
from the values of actions, payoffs, and other variables after the game has
been completed.

7. An equilibrium is a strategy combination that consists of the best strategy
(for example, the long-run profit-maximizing strategy) for each player in the
game.

Additional definitions of terms will be introduced as needed in the games
that follow.

| Simple Zero-Sum Games?

Consider the following simple game that was actually played by ice cream truck
driver Don Waldman on July 4, 1968, and repeated on July 4, 1969. On those two
holidays, Waldman was-driving an ice cream truck in a New Jersey suburb of
Philadelphia that held an annual Fourth of July parade. Unfortunately for
Waldman, the suburb also had one other ice cream truck. The two drivers had to
decide where to park during the parade. The parade route was about one-half mile
long, and the trucks were free to park anywhere along the route. Where did the
trucks locate? :

Consider three possible locations, the beginning, middle, or end of the route.
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Table 6.1 presents the possible sales payoffs for Waldman and the infamous
“Other Truck.” If both locate at the same point, the trucks split sales 50-50. But if
one locates at the middle while the other locates at the beginning or end, the
truck in the middle gets 75 percent of total sales. Both drivers faced identical
choices, and Waldman reasoned as follows:

If the other truck locates at the beginning of the parade, it is better for me to
locate in the middle and gain 75 percent. If the other truck locates in the
middle, it is still better for me to locate in the middle and gain a 50-50 split.
Finally, if the other truck locates at the end of the parade, I should still locate
in the middle, No matter what the other truck does, I should locate in the
middle.

In this game, middie is Waldman's dominant strategy. A dominant strategy
is a strategy that outperforms any other strategy no matter what strategy an oppo-
nent selects. Waldman of course decided to park in the middle, where he found
the other truck already parked. The Other Truck had reasoned exactly as
Waldman and played its dominant strategy-middle.

Looking at Table 6.1, one might ask why the trucks immediately selected
middle-middle as the solution instead of beginning-beginning, end-end, begin-
ning-end, or end-beginning. Closer inspection reveals that only middle-middle is
a stable solution to the game. Suppose because of an early morning traffic jam,
both trucks were initially located at the beginning. The split is 50-50, but if
Waldman believes that Other Truck will remain at the beginning of the parade,
then Waldman should move to the middle and gain a 75-25 split. Other Truck
should reason exactly the same way, so there is no stability to the solution begin-
ning-beginning. Even though the result in terms of sales split is identical at be-
ginning-beginning and middle-middle, only middle-middle is stable.

Middle-middle has one unique characteristic compared with any of the other
eight cells in the payoff matrix. It is the only one of the game’s cells where both
players are doing the best they can given the choice of their opponent. Such a solu-
tion is called a Nash equilibrium after mathematician John Nash, who first came
up with the idea.3 The concept of a Nash equilibrium is one of the most impor-
tant concepts to understand about the application of game theory to economic
behavior. Although all dominant solutions are Nash equilibria, some games with-
out a dominant solution can have more than one Nash equilibrium.

BLE 6.1

Sales of Ice Cream (% Waldman Sales, %,

“Other Truck” Location

Beginning Middle End
Waldman Beginning 50, B0 25,75 50, 50
. Middle 75, 25 B0, 50 75, 25
Location

End 50, 50 25,75 50, 50
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The game depicted by Table 6.1 has another important characteristic: in
each and every cell the combined sales of the two trucks add up to 100 percent.
It follows logically that for every 1 percent increase in sales for Waldman there
will be a 1 percent reduction in sales for Other Truck. Such a game, in which one
player’s gain is always matched by another player’s loss, is called a zero-sum

ame.

s One dominant solution to all zero-sum games is obtained by using the so-
called minimax strategy. If Waldman plays a strategy that minimizes the maxi-
mum possible outcome for Other Truck, Waldman will be playing his dominant
strategy. Returning to Table 6.1, Waldman should surmise that if he parks at ei-
ther the beginning or end, Other Truck will play middle and gain 75 percent. If
Waldman selects middle, Other Truck will play middle and gain 50 percent,
Waldman's minimax strategy is to play middle, which minimizes Other Truck’s
maximum possible outcome at 50 percent. Viewed from Other Truck’s perspec-
tive, the minimax strategy is to maximize the minimum possible outcome for
each possible play. Because the minimum possible result of playing either begin-
ning or end is 25 percent, and the minimum possible result of playing middle is
50 percent, Other Truck will play middle.

The Information Structure of Games

]
|

In the ice cream truck example, each player knew all of the information in Table
6.1; in addition, each player knew that the other player also knew all of the infor- 48
mation in Table 6.1. In this case information is referred to as common knowl-

edge.
There are four other useful ways of categorizing the information structure of

a game, In a game with perfect information, each player knows every move that i3
has been made by the other players before taking any action. Given this defini- 4

tion, all games in which the players move simultaneously are games of imperfect

information because the players do not know the simultaneous move of the other i

player. The Waldman ice cream truck game is an example of a game with imper-
fect information.

Many games require a nonplayer to take random actions at some point in the :f
game. For example, in some games this nonplayer randomly determines at the ‘8

i

beginning of the game whether one of the players will always take the same ac- ‘28

tion (e.g., an established firm might always fight new firms) or vary its actions '
(e.g., an established firm might sometimes fight new firms and sometimes accom- ;%
modate new firms). Game theorists refer to a nonplayer who takes such random ;3%

actions as nature,

If a game includes nature, but nature does not move first, or nature’s first /g
move is observed by all players, the game is of complete information. Further- °§
more, if nature never moves after any other player moves, then the game is of cer- “§

tain information.

Finally, if all players have exactly the same information when each player

moves, the game is said to be of symmetric information. If some players know

different information than other players, then the game is of asymmetric infor- ‘3

mation.
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risoner’s Dilemmma Games*?

All zero-sum games have fairly straightforward solutions. What happens, how-
ever, when we move into the realm of non-zero sum games?

Oligopoly games of collusion are typically non-zero sum games. [n non-zero
sum games, the total payoff in each cell varies. Consider a collusive agreement be-
tween two duopolists, General Electric and Westinghouse, to keep the price of
turbine generators at the high joint profit-maximizing level. Table 6.2 represents
a possible profit matrix for such a game. Note that the combined profits vary
from cell to cell, from a minimum of $160 million to a maximum of $200 mil-
lion. If both firms abide by the high price agreement, they each earn $100 mil-
lion. If they both break the agreement, they each earn only $80 million. If only
one chisels, the chiseler earns $140 million, leaving the high price firm with only
$25 million. The game is of imperfect information because GE and Westinghouse
simultaneously select prices. This game is also a static game because both players
move simultaneously. Static games are distinguished from dynamic games, in
which players take turns moving.

Start by considering whether there is a dominant strategy to this game. If GE
prices high, then Westinghouse should price low and earn $140 million. If GE
prices low, Westinghouse should still price low and earn $80 million. No matter
what strategy GE adopts, Westinghouse should price low. Low price is a dominant
strategy for Westinghouse. Furthermore, because the matrix is perfectly symmet-
ric, GE’s dominant strategy is also low price. Both firms should price low and earn
$80 million. Yet something seems amiss with this result. They could both be bet-
ter off if only they would agree to play high price.

The basic form of this game is known as the prisoner’s dilemma. Chapter 9
explores several possible strategies to try to solve the prisoner’s dilemma, but first.
let’s consider why this game is called the prisoner’s dilemma. Suppose two mem-
bers of the mob, Big Boy and Mumbles, have just been arrested for drug dealing.
The district attorney knows that she needs a confession from at least one of them
to get a strong conviction and stiff sentence. Police detective Tracy puts them in
separate rooms for interrogation, where both are offered the same deal. If either
confesses and turns state’s evidence, he will receive a‘lighter sentence. Of course,
if both confess there is no need to use either of them in court, and they will re-
ceive a somewhat smaller break in return for a confession.

E 6.2 Profits (General.Electric; Westing

Westinghouse Price

-

High Price Low Price

High Price 100, 100 25,140
Low Price 140, 25 80, 80

GE Price
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\ 50

TABLE 6.3

Sentences (Big BOVrM“';'b'“ s :

Repeated Games®

Mumbles’ Action
Confess Don’‘t Confess
. , 1 year, 10
Big Boy's action Confess 6 years, 6 years year years
Don't confess 10 years, 1 year 3 years, 3 years

The game matrix is represented by Table 6.3. Both Big Boy and Mumbles
have a dominant strategy. No matter what the other does, both are better off if
they confess. If Mumbles confesses, Big Boy reduces his sentence by four years by
also confessing. If Mumbles stays quiet, Big Boy reduces his sentence by two years
by confessing. Clearly Big Boy should confess, and so should Mumbles. Given
this payoff matrix, confession is a dominant strategy. This is the classic form of
the prisonet’s dilemma.

Realizing this problem, the mob will work hard to find a solution to th
dilemma. One solution might be to change the matrix so that it is known with
virtual certainty that all “squealers” will be killed. This “slight” alteration in the ‘
matrix changes Table 6.3 into Table 6.4 and obviously changes the outcome. The
dominant solution is now to play don’t confess. The death threat actually reduces i3
both Big Boy’'s and Mumbles’s sentences. -

i) -
3

The classic prisoner’s dilemma game is played only once, but most oligopoly
games are played repeatedly. IBM and Apple compete not only in the current pe- '
riod, but in many future periods as well. The repeated nature of oligopoly games
makes it possible for a player’s current action to affect future outcomes. If GE and ¢ i3
Westinghouse competed in the turbine market in only one period and the payoff .
matrix was the one depicted in Table 6.2, then each firm has a powerful incentive iy
to play low price. In a one-period game, no matter what GE does, it makes sense
for Westinghouse to play low price, and vice-versa.

TABLE 6.4,

Sentences (Big Boy, M

Mumbles’ Action

Confess Don't Confess 38

: . . Confess Death, death Death, 10 years “
Big Boy's Action K
Don't Confess 1Q years, death 3 years, 3 years .|
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Suppose GE and Westinghouse expect to compete in this market for a finite

o ' number of periods. Perhaps Westinghouse and GE anticipate that they will sell
gt their turbine operations in ten years, so they expect to compete for another forty

quarters. What should they do in each quarter for the next ten years? In a re-
s peated game like this one, a simple one-period simultaneous move game is re-
peated over and over again. in each additional round, the players know the previ-
ous actions undertaken by all other players. Repeated games of this form are 3
referred to as games of almost perfect information. Because the moves are simulta- 4t
neous, the game must be of imperfect information.
Consider GE’s strategy in the last quarter, the 40th, which occurs in ten &
years. In the 40th quarter, GE has nothing to fear regarding the future playing of

" the game, and therefore, in the last period (the 40th quarter), GE should play its it
dominant strategy—low price. This is in its best interest in the last period, no ‘
matter what Westinghouse does. Westinghouse, of course, does the same thing, l

&

R

‘ -

By
~

’,

so the 40th quarter results in a payoff of low price, low price, or $80 million.

Now what should GE do in the 39th quarter? Because the result of the 40th
quarter is known, GE’s action in the 39th quarter will not affect the 40th quarter
outcome, and GE should play the 39th quarter as if it were the last quarter. This
4 means it should play its dominant strategy in the 39th quarter—low price. i _
Westinghouse does the same, and the 39th quarter results in an equilibrium of . ! l

e A gt P 0% A LT T e
VLT ER S KT T A FRY)

fow price, low price. But now the 38th quarter becomes the last, and the actions un- H
’ dertaken in the 38th quarter will have no effect on the outcome in the 39th quar- g1
ter. The equilibrium in the 38th quarter, therefore, must also be low price, low |;
' price. By simply continuing to work backward through time, it is obvious that the IR
equilibrium play in every period is the dominant strategy in the last period—low ,
price, low price. This will be true for any finite game: because there is no incentive g
to play high price in the last round, there will be no incentive to play high price in !
any earlier round. E "
To complicate things more, it is important to realize that most games played
by oligopolists are infinite games. GE and Westinghouse probably expect to play
the turbine generator game forever. In any infinite game, there is no known last
round, and players can undertake early actions in the hopes of affecting the fu-
ture strategy of their competitors. In an infinite game, GE may believe that an
early play of high price on its part may encourage Westinghouse to play high price 1
in the future. As we will see in Chapter 8, the optimal strategy in this infinite -r;»‘
game may be very different from the optimal strategy in a finite game. ' bl

Games of Mixed Strategies®

So far all the games presented have resulted in one Nash equilibrium. Some :
games, however, fail to produce even one Nash equilibrium. Take the game de- i
picted by the matrix in Table 6.5. McDonald’s and Burger King engage in a game, )
but no matter what their current action, at least one of them has an incentive to :
change tactics in the next round of this infinite game. If the current position is
McDonald’s—low price, Burger King—heavy advertising, then McDonald’s has an e
incentive to move to heavy advertising. But then in the cell heavy advertising, heavy '
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TABLE 6.5

Payoff Matrix (McDonalid’s Profits, ; r

Burger King’s Action

Low Price Status Quo Heavy Advertising
McDonald's Low Price 60, 35 65, 20 55, 456
Action Status Quo 40, 40 80, 40 45, b5
Heavy Advertising 55, 50 80, 30 60, 40

advertising, Burger King has an incentive to play low price. Unfortunately, once the
play is McDonald’s—heavy advertising, Burger King—low price, then McDonald's
has an incentive to play low price as well, but then Burger King has an incentive to
play heavy advertising and we are right back where we started. As an exercise,
prove to yourself that none of the status quo cells result in a stable equilibrium ei-
ther, and that even if the two firms begin at status quo, status quo, things will
quickly move toward alternating in a clockwise manner between the four corner
cells.

In Table 6.5, status quo is a dominated strategy. A dominated strategy is a
strategy that is always worse than some other strategy. Status quo can always be
beaten by some other strategy. It is helpful to recognize dominated strategies and
realize that they are not viable options. As such, dominated strategies can be
eliminated as possible solutions to any game. If this is done, Table 6.5 can be
transformed into Table 6.6. Even with status quo eliminated, there is still no sim-
ple solution to the game.

What should Ronald McDonald and the Burger King do? The answer is to
play a mixed strategy. In an optimal mixed strategy, each player randomly selects
its actions with given probabilities that maximize its expected payoft given the
randomly selected strategy being played by its opponent. Although it is well beyond
the mathematical rigor of this book, it can be proved that an optimal set of prob-
abilities always exists to solve such problems.”? For the matrix presented in Table

TABLE 6.6

Payoff Matrix with the Elimination |
{McDonald’s Profits, Burger King’

Burger King's Action

Low Price Heavy Advertising

e

Low Price 60, 35 58, 45
Heavy Advertising 55, 50 60, 40

McDonald’s Action
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6.6, the optimal strategy for Burger King is to play low price 50 percent of the time
and heavy advertising 50 percent of the time. For McDonald’s the optimal strategy
is also to play each strategy S0 percent of the time."

To understand the remainder of this text, it is not important whether you
understand the calculus in the footnote. It is important, however, to understand
that one of the characteristics of all mixed strategy equilibria is that once the
equilibrium is obtained, both players are indifferent between playing their equi-
librium strategy and any other strategy. In Table 6.6, notice that if McDonald’s

. plays its optimal mixed strategy of 50 percent low price and 50 percent heavy advertis-

ing, then Burger King's expected profits are $42.5 million no matter what strategy
Burger King selects. You can check this result for yourself by observing that Burger
King's expected profits are $42.5 million if it plays its own optimal strategy of a
50-50 split, or if it plays low price 100 percent of the time, or if it plays heavy ad-
vertising 100 percent of the time, or if it plays any other strategy.

This characteristic of optimal mixed strategies may at first seem strange, but
it actually makes a great deal of intuitive sense if the optimal mixed strategy is en-
visioned as the strategy that makes your opponent’s selection of a strategy irrele-
vant to its outcome. By playing the optimal mixed strategy, you have placed your
opponent in a weak position where it simply does not matter what it does. In
other words, once Burger King selects the strategy low price SO percent of the time,
heavy advertising 50 percent of the time, McDonald’s will earn the same expected
payoff no matter what strategy it selects, and vice-versa for Burger King.

*Using calculus, the solution to the game represented in Table 6.6 is obtained in the following
manner: In the analysis, 7 represents profits, and p represents probability. For example, ppy rep-
resents the probability that McDonald's plays “Low Price,” and pyagk represents the probability
that Burger King plays “Heavy Advertising.” The problem for both McDonald’s and Burger King
is to maximize their expected value of profits.

For McDonald’s the problem is to maximize expected profits, E (w), where:

E(m) = pum [60pak + S5(1 — prar)l + (1 — pow) [SSpeek + 60(1 — pra)]-
After some algebraic manipulation:

E(m) = 10ppmprex — Spim — Sprpk + 60
Assuming the existence of an interior solution, profit maximization requires:
" E(m)
IpLM
For Burger King the problem is to maximize expected profits, E (m), where:
E(m) = prpg [35pim + 50(1 — prap)] + (1 — prawd) {45p1a + 40(1 — prudl
After some algebraic manipulation:

1 1 1
= 10p;px — 5 ""OOTPLBK=EaﬂdPHABK=(1 ‘“E) =3,

E(m) = —20paxpin + 10pLypx + Spuy + 40.
Assuming the existence of an interior solution, profit maximization requires:

BE(m) _

-20 + 10 = =1 1
PLM 1 Oor PLM = 3 and PHABK == (1 - E) = 3.
3pLpK
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The 50-50 percent mixed strategy equilibrium is called a mixed strategy Nash
equilibrium. A mixed strategy Nash equilibrium is inherently unstable because
both players have little incentive to maintain the equilibrium.

Sequential Games®

So far all our games have been static games of imperfect information in which both
players move simultaneously. Many oligopoly games, however, are sequential, in ,
which Firm 1 moves, then Firm 2 responds, then Firm 1 responds to Firm 2’s re- K 1
sponse, and so on. If one player moves first, then it would be misleading to repre- i
~ sent the game in matrix form because that would camouflage the fact that one
player knows the other player’s choice before making a move. Because the next
player to move knows tle previous move of its competitor, sequential games of
this type are games of perfect information. Sequential games are known as dynamic
games and are represented by game trees. The game tree representation of the
game is known as the extensive form of a game. Game theorists distinguish the
extensive form of a game from the simpler strategic form of a game.* In its strategic
form, a game is represented by a simple profit matrix such as Table 6.7.
To illustrate why it is important to represent sequential games in their exten-
sive form, consider Table 6.7 and Figure 6.1. Initially, both Table 6.7 and Figure
¥ 6.1 may appear to be representing the same game, but the outcomes may be quite
! different. If the game is represented in its strafegic form as a simultaneous move
game such as Table 6.7, then there are two Nash equilibria: Top, Left and Bottom,
: Right.
' Now consider the extensive form of the same game as shown in Figure 6.1. In
Figure 6.1, Firm B has been given the first move. Firm B must choose either Right
or Left. As Dixit and Nalebuff noted, the first rule of game theory is to “look ahead
and reason back.”? Suppose Firm B does just that. Firm B knows that a choice of &
Left will result in a profit of $1 million no matter what Firm A does. However, a 4

- Do
RS o

*The strategic form of the game was originally known as the normal form of the game, but the term
“normal form” is rarely used today.

TABLE. 6.7.::Payoff Matrix.{Firm:

Firms B’s Action

Left Right

Firm A’'s Action

'
..
.....
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Top (10, 1)

Bottom (10, 1}

Top {0, —2)

Bottom (4, 4)
Figure 6.1 The extensive form of the game in Tabla 8.7 (Firm A’s profits, Firm B's profits).

choice of Right means that the only sensible thing for Firm A to do is play Bottom
because obviously, given a choice between earning $0 or $4 million, Firm A will
select $4 million. Firm B knows that a play of Right will result in a profit of $4 mil-
lion, and a play of Left results in a profit of only $1 million. The choice for Firm B
is clear—play Right! Once Firm B has played Right, Firm A will play Bottom and
also earn $4 million. In the extensive form of the game there is only one equilib-
rium—(Bottom, Right).

But wait a minute. Why should Firm A have to settle for just $4 million,
when it could earn $10 million if Firm B would just play Left? Can’t Firm A
threaten to play Top if Firm B plays Right? Of course, Firm A can threaten to play
Top if B plays Right, but is the threat credible? After all, once Firm B selects Right,
A’s choice is either earn $0 or earn $4 million. Given those choices, a rational
firm would select $4 million.

Could Firm A ever manage to convince Firm B that it would play Top if B
played Right? Surely there are ways to make this threat credible. Firm A could
hire an impartial agent, perhaps a lawyer or a firm in another industry, and sign
a contract that stated: if Firm B ever plays Right, my agent will make my move
for me and play Top. By giving up the option of making the choice for itself,
Firm A might convince Firm B that a play of Right will result in a payoff of —$2
million.

The game depicted by Figure 6.1 can easily be related to a game of potential
entry. Consider Firm B as a potential entrant and Firm A as an established mo-
nopolist. If Left is Stay Out, Right is Enter, Top is respond aggressively if entry occurs,
and Bottom is maintain price at the current level, the game becomes easy to reinter-
pret.

In Figure 6.2, we have made all of the changes in the game tree. Once this is
done, the game becomes an entry choice for Firm B, followed by a response
choice for Firm A. Given the preceding analysis, the equilibrium in this game is
for Firm B to enter and Firm A to maintain its current price. In the real world,
many a Firm A has attempted to change this game tree by making Firm B believe

" e i, T T
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S T

Aggressive if entry (10, 1)

e

e

Stay out - .
Maintain current price (10, 1)

a

Aggressive if entry (0, —2)

Maintain current price (4, 4)
Figure 6.2 A game of entry {established firm's profit, potential enirant’s profit). A

[

that it would actually choose aggressive if entry. In Chapters 10 through 12 we \
consider some possible methods that Firm A might adopt to convince Firm B of ,*

: its serious intention to play aggressive if entry. Z,
. " e - N _":L

SUMMARY‘- 3 1‘ Came+ hh&@tj?‘ is the study of how interdependent dec151on makers make g o

‘- ' .. choices. | N
2, A game must - mclude players, actlons, mformatmn strategies, payoffs, {' "

\ - outcomes, and ethbna - : >
3 In Simple zermsum games the mmlmax strategy is a dominant solution 1 ;ﬁi‘i

1 fo the - game: 17, - S Ee
"' ' ‘4 A Nash’ equlhbnum ex1sts 1f all the players are domg the best they can - ‘-‘.'.'
given the choices of their opponents. - 45

5. It Is important to understand the information structure of a game. In a
game of perfect information. each player. knows every move that has been

" made By the other players before taking any action. In games of complete
" mformation, nature does’ not move first or natire’s first move is observed
by all the players. In a game of certain information, nature never moves |;;
after another player moves. In a game of symmetric information all play- I

- ers have exactly the same'information when each moves. 1y

: . ﬁ‘ ‘The cmmmant semﬁqm to the classic prisoner’s dllemma game results in ]»
} " & nonoptimal solution for the players. AR

© 7. In g game of mixed strategy. there is no Nash equilibrium. Furthermore, 3[
in the mvted strategy’ equilibrium, both players are indifferent between %

|

!

B T

playing their mixed strategy equilibrium and any other strategy.

'ﬁ, In sequentia”l games, the players take turns moving instead of moving si-
mmmnemsly, UL . P ;

"
i
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KEY TERMS
asymmetric information minimax strategy
certain information ' mixed strategy games
complete information Nash equilibrium
dominant strategy perfect information
dominated strategy prisonet’s dilemma game
dynamic game repeated games
extensive form of a game static game
game theory symmetric information
game trees Zero-sum game

DISCUSSION QUESTIONS

1.

Are all dominant strategy equilibria also Nash equilibria? Are all Nash equilib-
ria also dominant strategy equilibria?

Can you suggest a business strategy that is equivalent to the death threat
strategy used by organized crime to prevent squealing?

Suppose you are playing a game and your opponent is not playing her Nash
equilibrium strategy. Should you play your Nash equilibrium strategy?

It was noted in the text that mixed strategy equilibria are inherently unstable.
Explain why.

PROBLEMS

1.

Suppose that in the Waldman ice cream truck example with a 1-mile parade
route, the local police had forced Waldman to park } mile from the beginning
of the parade route and Other Truck to park } mile from the end of the route.
How would sales have been split in this case? [s this a Nash equilibrium? Is so-
ciety better or worse off with this forced result?
Suppose that a game has the following extensive form:
A Game of Entry
(Firm A’s Profit, Firm B’s Profit)

—Aggressive if Entry 2,0
—Stay Out - -~ Firm A -
! 1 Maintain Current Price (2, 0)
 E—
Firm B -~
E —Aggressive if Entry (-1, —0.5)
| Enter--—-—-- Firm A - —

| Maintain Current Price 0, 0.5)
I

What is the equilibrium in the game? Can Firm A undertake an action to pre-
vent this outcome?

- ———— it

e a e
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3. Consider the following payoff matrix for Firm A and Firm B. Firm A’s profits
are shown first, followed by Firm B's profits.
Firm B's Action
High Price Low Price
High Price 40, 30 30, 35
Firm A’s Action
Low Price 35, 25 32, 20
™ Is there a dominant strategy in this game? Is there a Nash equilibrium in
this game? What strategy would the firms adopt in this case?
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C:‘ha_pter 7

The Development of
Oligopoly Theory

|
|

n this chapter we begin our consideration of oligopoly theory with the intro-

duction of four important models developed during the nineteenth and twenti-
eth centuries. These models were originally derived without the use of game the-
ory and, as a result, sometimes seemed to be based on highly questionable
assumptions. The application of game theory to oligopoly modeling has made it
possible to obtain many of the theoretical results using what are generally re-
, garded as more reasonable assumptions.
- The chapter is divided into two main sections. The first deals with quantity-
- based models and the second with price-based models.

: . Models Based on Quantity Determination
THE COURNOT MODEL

Augustin Cournot made the first attempt at formal modeling of oligopoly behav-
ior in 1838.! Cournot considered the case of a duopoly market with two identical
firms. The firms face identical costs and there is no product differentiation. Under
these conditions, price is a simple function of the total quantity produced by the
two firms.

To make things more concrete, assume the following linear industry demand
curve:

P=100-Q

where P is price and Q is total industry output. Assume further that both firms
face identical constant marginal cost and average cost equal to 10 (i.e.,, MC = AC
= 10), and that each firm believes, or conjectures, that its competitor will always
maintain its current output.*

The assumption of output maintenance was critical to Cournot’s result.
Suppose Firm 2 observes that Firm 1 is currently producing q, = 45, the industry

“Models of the type presented in this chapter are often called models of conjectural variations.
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Dollars
55
32.5
Firm 2's residual demand curve
P =55~ Qs
10 MC =AC =10
Quantity
225 \ 45 55
MR = 55 — 2q,

Figure 7.1 Firm 2's Cournot equilibrium when g, = 45,

joint profit-maximizing level of output, and price is $55. What output should
Firm 2 produce? Recall that the industry’s demand curve is P = 100 — Q. If Firm 2.
assumes that Firm 1 produces 45 units, then the demand curve faced by Firm 2
will be P = 55 — q,. Firm 2’s demand curve is called a residual demand curve,}
because it is derived by assuming that Firm 2 faces a demand curve that is 51mply.
left over, or residual, after Firm 1 has chosen its output. b
To better understand the concept of a residual demand curve, consider what
happens to price if Firm 1 produces q; = 45 and Firm 2 begins to produce any’§
output greater than zero. If Firm 2 produces one unit, total industry output equals;’. .

46 and P = 54. Therefore, one point on Firm 2’s residual demand curve is (q; = 1,; ¥

= 54). What if Firm 2 sells five units? Then Q = 50, and P = 50, so a second
pomt on Firm 2’s residual demand curve is (q; = 5, P = 50). Note that for each @
unit Firm 2 produces, the price declines by one addxtlonal dollar below $55. The\
residual demand curve is, therefore, P = 55 — qp. :

Figure 7.1 depicts the situation from Firm 2’s perspective. With MC = 10, re-
calling again that the MR curve bisects the linear demand curve, Firm 2 will max--
imize profit by producing where MR = 55 — 2q, = 10 = MC, so q; = 22.5. Total;‘ :
industry output is now Q = q; + q, = 45 + 22.5 = 67.5, s0 P = 32.5. 4

Now it is Firm 1’s turn to respond to Firm 2’s output. If Firm 1 assumes that
Firm 2 will maintain an output of 22.5, what is its profit-maximizing outpu
Figure 7.2 shows the 51tuat10n from Firm 1 s perspective. Assuming that g, is con-*
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Dollars
77.5
Firm 1’s residual demand curve
43.75 P=775-q
10 MC=AC =10

antit
33.75 675 775  Jvanty
MR = 77.5 — 2q,

Figure 7.2 Firm 1's Cournot equiiibrium when ¢y = 22.5.

stant at 22.5, Firm 1’s residual demand curve will be P = 77.5 — q, and its profit-
maximizing output will be 33.75 units. Total industry output will be 22.5 + 33.75
= 56.25, and P = 43.75.

Now Firm 2 discovers that it was wrong. Firm 1 did not maintain output at
45. What should Firm 2 do? You might be tempted to think that Firm 2 should
give up its obviously false assumption that Firm 1 will maintain output.
According to Cournot, however, Firm 2 will now assume that Firm 1 will main-
tain output at 33.75. As shown in Figure 7.3; Firm 2’s residual demand curve be-
comes P = 66.25 — q,. Firm 2 will equate its new MR curve to MC = 10 and pro-
duce 28.125 units. Industry output is now 28.125 + 33.75 = 61.875, and P =
38.125.

The story is still not over. Now Firm 1’s assumption that q, = 22.5 has been
violated, and Firm 1 must respond by changing output yet again. As an exercise,
prove to yourself that Firm 1's next response will be to reduce its output to 30.94
units. This will result in yet another response by Firm 2.

When does all of this end? Only when both firms face identical residual de-
mand curves, and therefore, both produce the same output. In Figures 7.1 to 7.3
the residual demand curves have been converging, and they eventually converge
completely when Firm 1 faces a residual demand of P = 70 —q, and Firm 2 faces
a residual demand of P = 70 —q,. This equilibrium is shown in Figure 7.4. Only
when each firm produces 30 units will each firm’s assumption regarding the
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Dollars
66.25
Firm 2's residual demand curve
38.125 P = 66.25 — q
—
10 J\MC =AC =10
Quantity
28125\ 56.25 66.25
MR = 66.25 — 2q,
E Figure 7.3 Firm 2's Cournot equilibrium when g, = 33.75.

other’s output be correct. In equilibrium total industry output is 60 and P = 40. %
This is the Cournot equilibrium. '
Several important characteristics are associated with the Cournot equilib
rium. Note that the equilibrium output is between the joint profit-maximizing.
output of 45 and the perfectly competitive output of 90.* In fact, with linear de- 3
mand and constant marginal costs, the Cournot equilibrium quantity with two:#
firms is precisely equal to two thirds of the competitive equilibrium quantity.
An important and useful concept associated with the Cournot model is that/g
of a reaction function.2 To derive Firm 1's reaction function, begin with
Cournot’s major assumption—Firm 1 assumes that the output of Firm 2 will re-1
' main constant. Given this assumption, there exists an optimal output responses
¥ for Firm 1 associated with any given output produced by Firm 2, and vice-versa.:}
The functional relationship between q; and q, may be written as: g

q; = f(q2)

This function is firm 1's reaction function.

4 e

.

28

*It is possible to determine the profit-maximizing quantity by recalling the “twice as steep rule” 1’
for MR from Chapter 2. For demand curve P = 100 — Q, MR = 100 — 2Q, and the industry’ S'-
profit maximizing output is where MR = 100 —~ 2Q = 10 = MC. Solving for Q, Q = 90/2 = 45.i
With Q = 45, the profit-maximizing price is P = 100 — 45 = 55,
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Dollars
70
Cournot equilibrium demand
40 P=70- Qi
10 MC = AC =10

Quantity

30 \ 60 70
MR = 70 — 2g;

Figure 7.4 Final Cournct equilibrium when g; = g; = 30.
We can use calculus to show that, given our demand and cost conditions,
Firm 1’s reaction function is:*

90 -
q = f(ap) = =52 =45 - 3q, [7.1]

*To maximize profits, Firm 1 must set MR = MC for any given level of Firm 2’s output. Total rev-
enue for Firm 1, TR,, can be derived as follows:

TRy =q; P =q, (100 - q; —- g2)
or
TR, = 100q; - 92 - q,q;

Marginal revenue, MR, is simply the partial derivative of TR:

A B

MR, = ZR1 — 100 - 2¢, - q,
9q,

Because MC = 10, we set MR, = 10 and obtain:
100 - 2q, — g, =10

LY

R ST

3
B or

90 -

e Q@ =——E=45-1q
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Without calculus, the result can be obtained by recalling from Chapter 2 that
for a linear demand curve the marginal revenue curve has the same intercept but
twice the slope of the demand curve, For industry demand curve P = 100 — q; ~
qa, Firm 1’s residual demand curve can be identified by noting that for any given
level of Firm 2’s output, q,, the quantity (100 — q,) is a constant. It follows that
for any given q,, Firm 1's demand curve is simply: ;

p1 =100 - gz} —q {7.2)

Because Equation 7.2 is a linear demand curve, with intercept (100 — q3) and "
slope —1, the associated marginal revenue curve is: {
¢

MR, = (100 — qZ) - 2q1 ;ﬁ

M
To obtain Firm ‘1's reaction function, set MR = MC for profit maximization, so: i

MRy = 100 - g3 ~ 2q; = 10 = MC [7.3] L)
Solving for q,, Firm 1’s reaction function is: ‘

q; =45 -39, [7.4]

function is:

qz = 45 ~ 3q; [7.9]

Figure 7.5 shows both reaction functions on the same graph. The Cournot*
equilibrium occurs at the intersection of the two reaction functions because only
at that point are both firms’ assumptions concerning the output of the other cor-
rect. When each firm produces 30 units, neither firm has an incentive to change: §
output, and therefore, the assumption that the other will maintain output is cor-;3
rect.

In Cournot’s original model, no other output combination could be sus-%
tained. Suppose Firm 2 produced 40 units. Then Firm 1 should produce at point A
in Figure 7.5 on its reaction function, and produce q; = 45 — (40/2) = 25 units.
But if Firm 1 produced 25 units, then Firm 2 should operate at point B on its best
response curve and produce q, = 45 — (25/2) = 32.5 units. But that would resuit
in a response by Firm 1, which would result in a response by Firm 2, and so on.
Only when each produces the Cournot equilibrium quantity is a stable equilib-
rium achieved.

The Cournot-Nash Equilibrium

The Cournot equilibrium is based on the questionable assumption of output
maintenance by competitors. The Cournot equilibrium, however, is also a Nash,
equilibrium in a simple two-player game. The Cournot-Nash game is a simultane-i
ous move, quantity choice game with homogeneous products. Because it is a simulta-3
neous move game, it is a game of imperfect information. Assuming that industry &
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Pl S

_ Once the profit functions are known, it is possible to express all of the possi- 3
ble profit payoffs in the form of a game matrix like the matrices used in Chapter  “ .
6. In Table 7.1, Firm 1’s profits are given in the bottom of each cell, and Firm 2’s
profits are given in the top. An “L” has been placed in any cell for which total '
output is greater than 90 because both firms would sustain economic losses if
price dropped below 10, the average cost. Table 7.1 obviously does not show all of
the possible profit payoffs because the firms could produce an infinite number of
other output combinations. The table does, however, provide enough informa-
tion to allow for an understanding of the game.

To begin, examine Table 7.1 and try to answer the following question: Does a
Nash equilibrium exist? Recall from Chapter 6 that a Nash equilibrium exists if
there is a cell where both players are doing the best they can given the choice of 8
their opponent. In the context of the game in Table 7.1, a Nash equilibrium exists if |}
neither firm has an incentive to change its quantity as long as the other firm {4
maintains its quantity at its current level. Table 7.1 shows that there is one, and
only one, Nash equilibrium;, where q; = g, = 30. If both fitms produce 30, then a
unilateral move to produce more or less than 30 always reduces profits. If Firm 2 2
unilaterally moved to produce 20, for example, its profits would decline from 900
to 800. If Firm 1 unilaterally moved to produce 40, its profits would decline from j
900 to 800. -~

Does the Nash equilibrium maximize joint profits? If the firms arrive at the
Nash equilibrium, joint profits are 1800. Other cells, however, result in largeri4 y> -
joint profits. If each firm produces 20, for example, combined profits increase toi
2000. =?"

It is possible to determine the profit-maximizing quantity by recalling the* o ',
“twice as steep rule” for MR from Chapter 2. For demand curve P = 100 - Q i m "
Figure 7.6, MR = 100 - 2Q, and the industry’s profit-maximizing output equals
45. With Q = 45, the profit-maximizing price is 55. 2.

To maximize total industry profits, the two firms must combine to produce Q
= 45. Note that in Table 7.1, regardless of how output is distributed between th
two firms, if the two combine to produce 45 units of output, then total industry:
profits will be maximized at 20235. If the two combine to produce 45 units of out-'§
put, however, the combination will not be a Nash equilibrium. Each firm could, !
for example, produce 22.5 units and earn profits of 1012.5. But as Table 7.1 indi-
cates, if each firm produced 22.5 units, they would each have an incentive to i
crease output to 35 units and earn a profit of 1137.50. Alternatively, if a total out- /8
put of 45 units was produced with Firm 1 producing 35 units and Firm 2:%
producing 10 units, then Firm 1 would have an incentive to increase its output to f_'
40 to earn a profit of 1600, and Firm 2 would have an incentive to increase i
output to 27.5 units to increase its profit to 756.23.

Because the Cournot equilibrium is also a Nash equilibrium, the equilibriumyy
has come to be known as a Cournot-Nash equilibrium. The Cournot equilib--
rium and the Nash equilibrium are identical because both occur at the point
which the two reaction functions in Figure 7.5 intersect. The Cournot equilib-"3§
rium occurs at that point because only there are both firms’ output maintenance; 3
assumptions concerning the other correct. The Nash equilibrium occurs at thatk

point because it is the only output combination in which both players are domg,g |
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the best they can given the choice of the other. The result is the same, but the
Nash assumptions are much more reasonable than the Cournot assumptions and
therefore provide a more solid theoretical basis for the equilibrium.

COURNOT-NASH MODEL WITH MORE THAN TWO FIRMS3

We have developed the Cournot-Nash equilibrium for a duopoly, but the result
can be generalized to any number of identical firms. Assuming N identical firms,
each firm faces an identical reaction function. An easy method of identifying the
Cournot-Nash equilibrium in this case is to calculate a representative ith firm’s re-
action function.* Because all N firms are identical, the equilibrium for each is
symmetric, so:

g =3 or Q=Ng;

Firm i’s residual demand curve can then be written as:

P = (100 — Q) = 100 — Ng;
or

P=[100 - (N -1)qj] - q

where g is the output of any firm other than the ith firm.
Using the “twice as steep” rule and remembering that firm i views q; as con- -,
stant, Firm 1’s marginal revenue curve is:

MRi = (100 - (N - ].)q]) - qu

Hl = TR] - TC] = Pq; - 10q5

The first-order condition for profit maximization is:

dil; _ pdg; 4P d{0g) _

-5 = -+ i 0'
dq dq; q dq; dq;

Because (—j—p—‘ = (- 1), we have:
dq|

dIl

— =P4q(-1)—10= (100 - Ng) ~q; - 10=0

dg;

or.
90 — (N + 1) q;= 0,

S0

90

YN

G T .
RS R SR TR SN

*Using calculus the analysis can be simplified. The ith firm wishes to maximize profits as follows: w -
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Dollars

100

55

Demand

10 MC = AC =10

Quantity
45 90 100
MR

Figure 7.6 Joint profit maximization with constant marginal costs.

Setting MR = MC = 10 for profit maximization yields Firm i’s reaction func-
tion:

This can be rewritten as:

Qi = 45 — &;qu. [7.8]

Multiplying equation 7.8 by 2 yields:
2q; = 90 — (N — 1)q;.
Recognizing that ¢; = g; in equilibrium and solving for g; yields:*

— _90
q; = N=+1 [79]

*The algebra is:
2gi+(N-1)q;=90
(N+1)g; =90

-~ 50
YENTT
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g = q

22.5

- Firm i's reaction function
q;=45-q;

Q; .
22.5 45 ;

Figure 7.7 Cournot-Nash equilibrium with three firms.
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From equation 7.9, total output Q will be:

90 N
(N+1)‘(N+1)90

Q=Ng =N 710]

o e
r;Mr ml’}’-x—ﬁ-—-;

Equation 7.10 has several significant implications. As the number of firms in .}
a Cournot industry increases, total output continuously approaches the competi- - ;
tive output of 90. In our example, a monopolist (N = 1) would produce the,;"‘
profit-maximizing output of 45; duopolists (N = 2) would produce Q = 60 or two. :
thirds of the competitive output; three firms would produce Q = 67.5 or three
fourths of the competitive output; and for N “very large,” Q approaches 90, the
competitive output. There is something intuitively appealing about this result. .f‘ ;

The equilibrium output for the ith firm could also be identified graphlcally '
using the ith firm's reaction function. Because of symmetry, q; = g, for all values''
of i and j. In Figure 7.7, the reaction function for firm i in an industry with three“
firms is identified from equation 7.8 and symmetry as: S

iy, T T A e i =

; qi=45'—qi.

Equilibrium is attained where the reaction function and the 45° line (where
! g; = q;) intersect. As noted above, in the case with three firms, each would pro-
' duce 22.5 units for a total industry output of 67.5 units.
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Empirical evidence on the likelihood of Cournot-Nash behavior is difficult to ob-
tain because it requires showing that oligopolists select prices between the com-
petitive price and the joint profit-maximizing price. Because of this difficuity,
economists have used experimental games to try to determine the likelihood of
the Cournot-Nash outcome. Typically these games are played by college students
who receive information concerning their profit payoffs after making an output
decision. The student participants are allowed to keep some of the profits they
earn so there is a strong incentive to do well. In one experiment run by Fouraker
and Siegel, 16 pairs of “student duopolists” played a game for 25 rounds.* In their
experiment, the Cournot-Nash solution was the most common outcome, occur-
ring in 7 of the 16 games, compared with five competitive outcomes, three joint
profit-maximizing outcomes, and one outcome between the Cournot-Nash and
joint profit-maximizing outcome. The mean outcome was also the Cournot-Nash
outcome, When the game was played by three students instead of two, the com-
petitive outcome became the most common. In a more recent experiment, Holt
found that the Cournot-Nash result was the most common outcome under a vari-
ety of different game structures.> A survey of experimental results by Plott found
the Cournot-Nash outcome to be fairly common.6

One case study by Iwata concluded that in the Japanese flat-glass industry,
which was dominated by two firms (Asahi and Nippon), firms produced outputs
that were between the Cournot-Nash and joint profit-maximizing outputs.” Iwata
could not reject the possibility of Cournot-Nash behavior. In addition, Brander
and Zhang found evidence that the pricing behavior of American Airlines and
United Airlines between 1984 and 1988 most closely resembled the Cournot-
Nash model’s predictions.? Overall, empirical evidence suggests that the Cournot-
Nash equilibrium is more than a theoretical construction.

{?JHESTACKELBERGMODEL9

The Cournot-Nash model is a one-period simultaneous move game. The
Stackelberg model considers what would happen if the Cournot model is viewed
as a two-stage sequential game in which one firm, the Stackelberg leader, moves
first. According to the model, developed by Heinrich Von Stackelberg in 1934,
the Stackelberg leader moves first in anticipation of the follower’s move in the
next period.

Suppose Firm 1 is the Stackelberg leader, and demand and cost conditions are
once again:

=100 - Q.
MC = AC = 10.

The follower’s reaction function, Firm 2’s reaction function, has been calculated
above, and is given by equation 7.5:

q =45~ Lq,. SN A%
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The Stackelberg leader recognizes that after it sets output, the follower will re-
spond by selecting its best output according to its reaction function 7.11 above,
The leader then calculates its profit-maximizing output as follows.*

Substituting q; = 45 — -1,: q; from Equation 7.11 into the leader’s demand
curve yields:

p1 = (100 — qz) = q; = (100~ (45 -3 q))) - g1 = 55 - S qu.
The “twice as steep rule” implies that for Firm 1, the Stackelberg leader:
MR, =585 - q;.
To maximize profits, set MR; = MC:
-« MRy=35-q; =10

or.

To obtain the follower’s output, substitute q; = 45 into Firm 2’s reaction
function 7.11:

Q2 =45~ 3q; =45 - 345 =22.5. 9 ‘

In Figure 7.8, the Stackelberg equilibrium is identified as point A. Note that !._,
point A is on Firm 2’s reaction function, but it is not on the Stackelberg leader’s;
reaction function. In the Stackelberg model the leader selects the point on the fol
lower’s reaction function that maximizes the leader’s profits. n
Some insight into the Stackelberg equilibrium can be illustrated with the 4
help of the simplified payoff matrix in Table 7.2. Although it is impossible to
identify all, or even most, of the possible payoffs in a matrix, Table 7.2 identifies
the important points for the Stackelberg leader to recognize.
To obtain the Stackelberg equilibrium from Table 7.2, begin by identifying

the points that are on Firm 2’s reaction function. Then select the point on Firm

*Using calculus:
TRy = Pqy = [100 — (45 - —Ch) qil q1 = 53q; - %q%
then

dTR
MR, -d—qll _55~q1._

Setting MR = MC,

55 -q;=100rq; = 45.

e
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/ Firm 1's reaction function

Stackelberg equitibrium

/

22.5

A e

Firm 2's reaction function

45

Q4
a0

Figure 7.8 Stackelberg eauiliorium,

2's reaction function that yields the largest profits for the Stackelberg leader, as

follows:

Leader’s output

20
22.5
25
30
35
40
45
50
60

Firm 2’s response Leader’s profits

35 700

33.75 759.38
32.5 875

30 900

27.5 962.5

25 1000

22.5 1012.5

20 1000

15 900

The Stackelberg leader concludes that it should produce q; = 45 because Firm
2 will then produce q, = 22.5, and the leader will earn a profit of 1012.5, which is
larger than any other possible profit on Firm 2's reaction function.

The Stackelberg equilibrium makes sense if there is a clear leader and fol-
lower.10 In our example, however, both firms are identical, and it is not obvious
why one firm should be the leader and the other the follower. If Firm 2 believes
that it is the true Stackelberg leader, it will reason exactly as Firm 1 above and also
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produce q, = 45, in which case, as indicated in Table 7.2, industry output will be
Q = 90, and each firm’s profits will be zero.

Given the assumptions of the Stackelberg game, if one of the firms has an ad-
vantage over the other, it would seem reasonable to assume that the firm with the
advantage would be the Stackelberg leader. Suppose, for example, all conditions
remain the same except that Firm 1 faces MC = AC = 10, while Firm 2 faces MC =
AC = 20. Under this assumption, it is reasonable to expect Firm 1, the low-cost
firm, to be the Stackelberg leader. If Firm 2’s marginal costs are 20, its reaction
function becomes:*

Qe = 40 ~ 2 q;. ' (7.12]

Firm 1 calculates its profit-maximizing output as follows.
Substituting for q, from Equation 7.12 yields:

P1 = (100 — q2) = q; = (100 — (40 — 3q1)) =qy = 60 — 3q.
Using the “twice as steep” rule:
MR; = 60 - q;.
To maximize profits, set MR, = MC:

MR, = 60 — q = 10.
or:
Q1 = 50.

To obtain Firm 2’s output, substitute q, = 50 into Firm 2's reaction function:

Q2 =40 ~ 3, =40 ~ 550 = 15.

[

*For a given level of Firm 1’s output, q;, we know that Firm 2's marginal revenue is:
MR, = (100 - q;) - 2q.
To obtain Firm 2's reaction function, set MR = MC = 20, or:
MR; = (100 —q3) — 29, = 20 = MC.
Solving for g, yields Firm 2's reaction function:
q2 =40 ~ 3 qu.
Using calculus:
TRp = Pqp = (100 — qy — qz) 2 = 100 g — 4192 — 43

TR
MR, = _~aq22 = 100 - q, ~ 2q3

for profit maximization MR = MC, orn:
MR, =100 = q; ~ 2, =20 = MC or q; =40 - 3q;.
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Figure 7.9 Stackelberg equilibrium and Cournot-Nash equilibrium with differing costs.

The introduction of a cost advantage for Firm 1 makes it the obv1ous\‘
Stackelberg leader and increases the ratio q;:q, from 2:1 to 3.33:1. a
Graphically, the increase in Firm 2’s marginal cost from 10 to 20 shifts its re- &,
action function as shown in Figure 7.9. Note that in Figure 7.9, the Cournot-Nash .,
equilibrium has shifted from q; = q; = 30 (in the case of equal marginal costs of
10) to q; = 33.3 and q; = 23.3 (in the case of differing marginal costs).* The
Stackelberg equilibrium has shifted from q; = 45 and q, = 22.5 to q; = 50 and Q2 ¥
= 15. i
At least one empirical case study has found evidence suggesting the real-. %8
world use of Stackelberg quantity leadership. Gollop and Roberts studied the, f :
United States coffee-roasting industry in 1972 and concluded that the largest flrm" L
may have acted as a Stackelberg quantity leader.1! They rejected the hypothesis )
that all firms in the industry adopted Cournot behavioral assumptions. In the,

*The Cournot equilibrium is calculated by substituting Firm 2's reaction function into Firm 1s;

reaction function to yield: :
Q=45 - ;040 - 1q)
or
Qi =45-20+5q;=>3q, =25=q, =333
With q; = 33.3, B

Qe = 40 — 3q; = 40 - £(33.3) = 23.3.
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study firms were grouped into three sizes: (1) the largest firm; (2) the next five
largest firms (medium-sized firms); and (3) the remaining smaller firms. They
found that both the medium-sized and the small firms made Cournot assump-
tions about the small firms; that is, both the medium and small firms assumed
that the small firms would maintain their current output in the face of output ex-
pansion by medium or small competitors. The largest firm, however, appeared to
assume that medium-sized firms would reduce output in response to an output ex-
pansion by the largest firm and that small firms would expand output in response
to an output expansion by the largest firm. Only the largest firm, therefore, antic-
ipated that all firms would change their outputs in response to a change in its out-
put. This can be interpreted as evidence that the largest firm acted as a
Stackelberg quantity leader.

& *THE BERTRAND MODEL12

In 1883, Joseph Bertrand criticized Cournot’s result by showing that if firms as-
surned that all other firms hold their prices constant, Cournot’s logic results in an
entirely different outcome.

Consider our Cournot duopoly example with a homogeneous product. If
Firm 1 assumes that Firm 2 will maintain price at its current level, p,, then Firm
1’s demand curve is dependent on the relationship between p; and p,. If p; > p2,
Firm 2 captures the entire market, and q; = 0. If p; < pp, Firm 1 captures the entire
demand, and q; = 100 ~ p,. Finally, if p; = p,, the two firms split the market, in
which case each firm obtains half of the total industry demand curve, P = 100 -
Q, and Firm 1’s demand curve is:

P = 100 - qu [713]
Solving 7.13 for q; yields:
q; =30 - "]z‘Pl for p; = p..

Firm 1’s demand curve, therefore, can be identified as:

0 if P1>p2
q; = |50 = 2Py if P1 = P2 [7.14]
100 - p;  if P1<P2

The Bertrand model is driven by the assumption that one of the firms can

F capture the entire market if it charges a lower price than its competitor. Given
S this assumption, if Firm 1 charges a price ever so slightly less than p,, it will virtu-
i ally double its output and profits. This implies that if p, = p, — €, with & repre-

senting a number that is infinitesimally greater than O, Firm 1 captures the entire
market. Of course, if pp = p; — €, then Firm 2 captures the entire market.

Given these assumptions, any price greater than MC, or P > 10 in our exam-
ple, will result in a price cut by one firm that will result in a price cut by the other




168 Chapter 7—The Development of Oligopoly Theory

g
/"‘“ . P2 . . " i.&l
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Firm 2’s reaction function
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P
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Figure 7.10 Bertrand equilibrium.

that will result in a price cut by the other, and so on. The only possible equilib

B R e e

tion functions must be expressed in terrns of price. Firm 1 s reaction functlon is: N

p1 = f(p2). 1

Figure 7.10 identifies the reaction functions for the Bertrand model, given $

! our usual assumptions that the industry demand curve is P = 100 — Q and MC = §

‘ AC = 10. Firm 1’s reaction function goes through the point (10,10) but is not:/S
identified for prices below 10 because a price cut below 10 would result in eco-%
nomic losses; price would be below average cost. For all p,> 10, Firm 1 charges ay .
I price p; = py — ¢; therefore, for p,> 10, Firm 1’s reaction function lies a distance G
i to the left of the 45° line.* By analogous reasoning, Firm 2’s reaction function IIESg,. -
h a distance e to the right of the 45° line. For P > 10, the two reaction functions will} §

’ be parallel to each other and also parallel to the 45° line where p, = p,. The Nash
equilibrium occurs at the intersection point, (10,10), because this is the onl
point at which both firms are doing the best they can given the choice of their;;
competitor.

*Because e is infinitesimally greater than zero, it is impossible to draw the reaction functions a dis
tance € from the 45° line where P; = P,. In Figure 7.10, the two reactions functions are drawinjg
“very close” to the 45° line, but you should try to imagine that the distance shown is € > 0 and
that the reaction functions aimost overlap with the 45° line.
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The Bertrand model is easy to interpret as a one-period simultaneous move
game. Both firms reason: “If I set price at any p > 10, then my opponent will set
price at p — €, and I will sell nothing. But if I set price at p = 10, then | either cap-
ture the entire market or split the market 50-50. [ should therefore set price equal
to 10.”

Although the implications of the Cournot model seem plausible, the implica-
tions of the Bertrand model may at first seem a bit bizarre. In a Bertrand duopoly,
price falls to MC, the perfectly competitive price, and there is allocative effi-
ciency. We will not go through the formal analysis, but this extreme result can be
made much more reasonable by introducing some product differentiation into '
the Bertrand model, which we do in Chapter 13.13 The introduction of product '
differentiation eliminates the highly implausible “all or nothing” nature of the
model and results in an equilibrium price greater than marginal cost.

The results of some experimental games support the Bertrand equilibrium.
Fouraker and Siegel found that when student players selected prices rather than _
quantities and were given Bertrand-type profit payoffs, three-player games almost i
always resulted in the Bertrand outcome.4 The Bertrand result was also common
with two players as long as the players did not have perfect price information
about their competitor’s price.

Recent pricing behavior in the airline industry has been consistent with
Bertrand price behavior. American Airlines in particular has followed a policy of
pricing near marginal cost on routes on which it faces competition.!S The major
carriers’ rationale for this behavior is consistent with the Bertrand model’s as-
sumptions. Each of the major carriers fears that if its fares are even slightly higher
than the competition, it will lose virtually its entire market share. Other strategic ;
aspects of pricing in the airline industry are discussed in detail in Chapter 10. ‘3

‘-“‘".DOMINANT FIRM PRICE LEADERSHIP MODELS

. Suppose a market consists of one dominant firm that controls a large percentage .
b of total industry output and a significant number of relatively small “fringe”
g& firms. This model differs from the Stackelberg model because there are a large
i number of relatively small fringe competitors, whereas in the Stackelberg model
ol there are two large duopolists. In such a market, it makes sense to assume that the
;}2 dominant firm will set the industry price and-the fringe firms will take that price
™ as given. In other words, the fringe firms behave exactly like perfectly competi-
? tive firms in the sense that they are price takers and maximize their profits by
i equating price to marginal cost.
7 The dominant firm price leadership model can be explained by example. In
! Figure 7.11, the industry demand curve D is P = 100 — Q (in Figure 7.11, the in-
] dustry demand curve is red for 100 £ P £ 25 and black for 0 £ P < 235), the fringe’s
3 supply curve S;is P = 25 + 2q;, and the dominant firm's marginal cost curve is
i MCy = 25 + (1/3)qq. To obtain the dominant firm's residual demand curve, sub-
. tract the fringe supply curve from the total demand curve at every price greater
than P = 25. For example, if P = 75, total industry quantity demanded would
, equal 25 units, and the fringe would supply the entire industry demand of 25. If P
" = 75, therefore, the residual demand for the dominant firm would be zero. If P =
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Dollars

100 Industry demand )
P=100-Q Fringe supply P = 25 + 2q

75
Dominant firm’s residual demand curve
P=75-4q4for26 sP =75
Dominant firm's MC
MCd =25 + %qd
25

Quantity
25 75 100

i
|
)

\Dominant firm's MR

Flgure 7.11 Derivation of the dominant firm's residual demand curve in the dominant firm price
leadership model.

25, total industry quantity demanded would equal 75 units, and the fringe would
supply zero. The residual demand for the dominant firm would then be 75 units.

Similar calculations can be done to obtain the dominant firm's residual de-
mand for any price between 25 and 75.* Such calculations yield the black linear
residual demand curve that passes through the two points (0, 75) and (75, 25).

*For any price, to obtain the dominant firm'’s residual demand, it is necessary to subtract q; from
the total quantity demanded Q.
We have P = 100 — Q, so Q = 100 — P. In addition:

= _tn_
P=25+2¢ or gs=3P - 125.
Because g4 = Q — qy,
Qg=(100 - P) — (3P - 12.5) = 1125 - 3 p,
Solving for P yields:
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The equation of this demand curve is:
P=75~%qqfor25<P<75s.
By the “twice as steep rule,” marginal revenue is:
MRy = 75 — 3qq for 25 SP<75.

For prices between 0 and 25, the dominant firm’s demand curve is identical to
the industry demand curve and equals P = 100 ~ qq4. The dominant firm'’s resid-
ual demand curve, therefore, has a kink at qq = 75, and the MRy curve has a gap
at Qg = 735. The residual demand curve and the MRy curve are drawn in black in
Figure 7.11.

Once the residual demand curve of the dominant firm is identified, the
profit-maximizing output for the dominant firm can be calculated as shown in
Figure 7.12. Recall that the marginal cost curve for the dominant firm is:

MCq = 25 + 3 qa.

Dollars

100 & Industry demand
p=100-Q ringe supply P = 25 + 2q;

75

Dominant firm's residual demand curve

P=75~2g4for26 <P =75
55 ~NZ
/ Daminant firm's MC
MCy = 25 + 304
N
\ Quantity
15 25 30 45 75 100

\Dominant firm's MR

Figure 7.12 Equilibrium in the dominant firm price leadership model.
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In Figure 7.12, to maximize profits, the dominant firm equates MCy to MR4 and
produces 30 units.* To obtain price, go up vertically to point Z on the dominant
firm’s residual demand curve and P = $55.00.

Once price is known, the fringe firms act as perfectly competitive price takers
and supply the quantity at which the fringe supply curve intersects the horizon-
tal line P = $55.00. In this case, g; = 15.7 Total industry output is simply the sum
of the dominant firm's output and the fringe’s output, or Q = 30 + 15 = 45,

One of the major implications of the dominant firm price leadership model
is that the dominant firm’s market share declines continuously over time.
Worcester explained this tendency using the following dynamic model.!7 If the -
competitive fringe firms earn above normal economic profits, there will be an in-
centive for the fringe supply to increase over time as new firms enter and existing s
fringe firms expand output. As a result, the residual demand for the dominant ‘'
firm will shift to the left (decrease), and the dominant firm’s relative share of out- -}
put will decline. ’ ,

Suppose in our previous example profits existed for the competitive fringe, -
inducing new firms to enter the industry. Figure 7.13 shows what would happen
if the number of fringe firms doubled. The fringe's supply curve would then do
ble so that §; would be P = 25 + q;. To obtain the dominant firm’s new residual
demand curve, subtract the fringe supply curve from the total demand curve
every price greater than P = 25. In Figure 7.13, if P = 62.5, total industry quantity:}
demanded would equal 37.5 units, and the fringe would supply the entire indus--$
try demand of 37.5. If P = 62.5, therefore, the residual demand for the domlnant
firm would be zero. As in Figures 7.11 and 7.12, if P = 25, total industry quantlty{!
demanded would equal 75 units, and the fringe would supply zero. The residual#
demand for the dominant firm would then be 75 units. For prices between 25 and?
62.5, the dominant firm’s demand curve is a linear demand curve that passesy
through the two points (0, 62.5) and (75, 25). The equation of this curve is: '

P = 62.5 ~ 3qq for 25 <P<62.5,
By the “twice as steep rule,” marginal revenue is:
MRy = 62.5 — qq.

Just as in Figure 7.11, for prices between 0 and 25, the dominant firm’s demand§
curve is. identical to the industry demand curve and equals P = 100 — qq4. Thejs
dominant firm's demand curve, therefore, has a kink at q4 = 75, and the MRd .
curve has a gap at qq = 75. :

* MRd=75——1’3-qd=25+l5qd=MCd.
Solving for qq yields g4 = 30.

tThe competitive fringe firms set P = 55.00 equal to S; or:
P=585=25+2q=5%
Solving for q; yields q; = 15.
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Dollars

100

Industry demand
P=100-Q

Fringe supply P = 25 + ¢;
/Dominant firm’s residual demand curve
62.5 P=625~-4qqfor25 s P =625
NS

48,4375 — Dominant firm's MC

\’/ — MCy = 25 + {qq
\ S

AN

23.4375 28.125 375 51.5625 \ 75

Quantity

\Dominant firm's MR

Figure 7.13 Equilibrium with an increased fringe supply in the dominart firm price leadership
model.

Recall that the marginal cost curve for the dominant firm is:
MCd = 25 + %qd

To maximize profits, the dominant firm equates MCy to MRy and produces
28.125 units.* To obtain price go up vertically in Figure 7.13 to point Z on the
dominant firm'’s residual demand curve and P = $48.4375.

Once price is known, the fringe firms act as perfectly competitive price takers
and supply the quantity at which the fringe supply curve intersects the horizon-
tal line P = $48.4375. In this case, q; = 23.4375.1 Total industry output is the sum

. MRy = 62.5 — gq = 25 + 1qq = MCq.
Solving for q yields g4 = 28.125,
*The competititve fringe firms set P = 48,4375 equal to 5; or:
P = 48.4375 =25 + q; = S
Solving for q; yields q; = 23.4375.
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of the dominant firm’s output and the fringe’s output, or Q = 28.125 + 23.4375
= 51.5625.

Because of the expansion of the competitive fringe, the dominant firm’s mar-
ket share has declined from 66.7 percent (30/45) to 54.5 percent (28.125/
51.5625). After this expansion, if the competitive fringe is still earning excess
profits, the dominant firm's share will continue to decline.

The dominant firm is remarkably passive in this model. This passivity is often
cited as one of the major weaknesses of the model. As we will see in Chapters 10
through 12, a dominant firm can adopt certain strategies to help to maintain its
market power in the face of potential entry.

Empirical Evidence of the Decline of Dominant
Firm Price Leaders

Some empirical evidence suggests that dominant firms’ market shares often de-
cline substantially over time. At the turn of the century, US Steel appeared to be-
have as a classic dominant firm price leader. In 1902 US Steel held a 65 percent
market share and priced its products at a level that induced entry and capacity ex-
pansion by fringe firms. As a result, US Steel found its market share decline to 50
percent in 1920.18 In the low-volume segment of the copier industry, Xerox be-
haved as a classic dominant firm price leader.!® Xerox set high profit-maximizing
prices in this sector and conceded market share to its smatller rivals.

Few examples of dominant firm price leadership resuiting in a decline in
market share are more dramatic than the case of the Reynolds International Pen
Corporation, which invented an improved ball-point pen that operated on grav-
ity. Reynolds began selling the pens in 1945.20 Initially the pens cost approxi-
mately 80 cents each to produce and Gimbel’s department stores sold them for
$12.50. Gimbel’s sold 10,000 pens the first day they went on sale. By early 1946,
Reynolds was producing 30,000 pens a day and earning large economic profits.
But Reynolds’s high prices encouraged the competitive fringe to enter. By
Christmas 1946, many firms were in the industry and prices had fallen as low as
88 cents. By 1948 prices had declined further to 39 cents, and by 1951 they de-
clined still further to as low as 19 cents. By then Reynolds was long gone from the
industry. Reynolds came and went quickly, but for one brief, shining moment it
was a dominant firm price leader and earned very large economic profits. This ex-
ample points out clearly the risks associated with dominant firm price leadership.
By being completely passive toward its competitors, Reynolds found itself booted
out of the market in just a few years.

Other examples of dominant firm price leaders have included International
Harvester in farm equipment, Goodyear in tires, RCA in color televisions, General
Electric in appliances, and IBM in mainframe computers.2! Most of these firms
have lost significant market share to competitors as a result of a high price policy
with little concern for the entry or expansion of competitors. Chapters 10
through 12 explore the reasons why these dominant firms elected to sacrifice
market share to competitors, as well as what types of strategic decisions might
have prevented their loss of market share.
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KEY TERMS
Bertrand model residual demand curve
Cournot-Nash equilibrium Stackelberg leader

dominant firm price leadership model  Stackelberg model
reaction function

DISCUSSION QUESTIONS

1. For any given demand and cost conditions, could a Stackelberg leader in a du-
opoly ever earn lower profits than it would earn with a standard Cournot-
Nash equilibrium?

2. From the standpoint of allocative efficiency, compare the Cournot-Nash,
Stackelberg, and Bertrand equilibriums.

3. The results expressed in the Bertrand model are often referred to as the
“Bertrand Paradox.” Why do you think this result is considered a paradox?
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4. Under certain conditions the Cournot-Nash and Bertrand equilibriums are
identical. One of these conditions has to do with the number of firms in the
industry. What is this condition?

5. In the dominant firm price leadership model, the dominant firm is extremely
passive toward its competitors. Why might firms with dominant market
shares permit competitors to continually chip away at their market shares?
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1. Consider the general case of two firms each facing a demand curve P = a — bq
and a marginal cost ¢, where a, b, and c are positive constants. What is the
Cournot equilibrium output for each firm in this general case?

2. Suppose an oligopoly consists of three identical firms. Industry demand is P = 3%
100 — 2Q and MC = AC = 20. What is the Cournot-Nash equilibrium output
in this industry for each firm?

3. Suppose Firm 1 is a Stackelberg leader in a duopoly, and industry demand and .
cost conditions are: '

P =60 - 2(q; + q2) i,
e
MC,; = 10 and MC; = 20.
2*‘
What are the Stackelberg equilibrium quantities? What is the Stackelberg
equilibrium price?
4. Two duopolists face the following industry demand curve: B
= f(Q) = 1.000 .
Q Q i

MC = AC = 20 for each firm. What is the Bertrand equilibrium output for =
each firm? What is total output in the Bertrand equilibrium? §
5. Suppose in the context of international competition, the dominant firm in an"
industry is a foreign firm and the domestic firms make up the competitive
fringe. Would a per unit tariff (a tax on imported goods), placed only on the
foreign firm's sales in the domestic market, improve welfare in the domestic
market? Explain, using a graph(s).and the concepts of consumer and producer.’

surplus. -
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lChapter 3

Collusion: The Great
Prisoner’s Dilemma

R

ew topics in industrial organization have attracted the attention of econo-
mists more than collusion. Models of overt and tacit collusion have abounded::
since Adam Smith declared:?

People of the same trade seldom meet together, even for merriment and di- _
version, but the conversation ends in a conspiracy against the public, or in
some contrivance to raise prices.

Intuitively one of the best methods for solving the prisoner’s dilemm;
should be overt collusion, in which a group of competitors sit down to discuss
and set price. As we discuss in detail in Chapters 18 and 19, one tremendous mit:
igating circumstance against the effective use of overt or explicit collusion in the
United States is that it is illegal. Of course, so is tunning a red light, drug poss
sion, and prostitution; and overt price fixing, despite its illegality, has been tried
from time to time with varying degrees of success. Because overt collusion is il
gal in the United States, most efforts to fix prices are tacit rather than overt ore
plicit. Tacit collusion results when different firms set identical prices without¥g
ever meeting to discuss prices because of a “meeting of the minds,” whereby com?
petitors recognize that it is in all their best interests to avoid price competition.

Recently, economists have recognized that because of the prisone
dilemma, it is often difficult to maintain collusive agreements for very long.2 Yet;
exceptions occur. In the past, successful collusion existed for years and eveilys
decades in some industries, including steel, cement, glucose, oil, electrical equip-
ment, and tobacco. Why do some attempts to fix prices work, and others fail mis;
erably? In an effort to answer this question, this chapter explores the major theO-2%
retical approaches to collusion. Empirical evidence is presented in Chapter 9. Wel
begin with a return to the prisoner’s dilemma model of Chapter 6.

Ed The Prisoner’s Dilemma Revisited

In Chapter 6, the prisoner’s dilemma was introduced. It was shown that in any ﬁ‘ y
nite prisoner’s dilemma game, like the one depicted in Table 6.2, the players , .
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Prof’lts"(G_q aliElect -.'Hmﬂiﬂin?ﬁne_u

L N S R
Waestinghouse Action
Collude Defect
Collude 100,100 25,120
GE Action
Defect 120, 26 : 80, 80

always play the dominant strategy of low price, low price. Table 6.2 is basically.re-
produced here as Table 8.1, except that the two options have been changed from
High Price, Low Price to Collude, Defect.

In this chapter we use the term perfect collusion to indicate that the firms
are producing the joint profit-maximizing output. Table 8.1 shows that if General
Electric and Westinghouse are able to perfectly collude, they each earn a profit of
100, but if they each defect (i.e., charge a low price), they each earn 80. If only
one defects, it earns 120, whereas the other firm earns 25. The dilemma for both
firms is how to remain at the perfectly collusive result when each has an incen-
tive to cheat.

Suppose General Electric and Westinghouse believe the game represented by
Table 8.1 will go on forever, that is, the game is an infinite game. This is not an
unreasonable assumption for modern corporations that anticipate survival for
many years into the future. In an infinite game, firms can adopt strategies today
to affect future outcomes. What strategies enable firms to achieve the joint profit-
maximizing result? Consider the necessary characteristics of a solution to the
dilemma. The firms must establish an environment in which each believes the
other will stick to the collusive high-price policy. Intuitively, any solution to the
dilemma has to be characterized by: (1) an ability to detect cheating and (2) an
ability to punish cheaters. In the absence of these two conditions, firms will have
such a strong incentive to defect that the result will almost certainly be the dom-
inant strategy of Defect, Defect.

Recall from our discussion of the Mumbles-Big Boy example in Chapter 6
that an effective solution to the dilemma for the mob is to ensure that all squeal-
ers will be killed. This solution to the Mumbles-Big Boy game has both character-
istics. The mob can identify the squealer (cheater) by observing the trial or the
pretrial plea bargaining, and the mob has the ability to enact swift punishment.
The death threat is extremely effective.

Short of a death threat, are there strategies that will enable firms to reach the
cooperative solution? In an attempt to find the best solution to the prisoner’s
dilemma, political scientist Robert Axelrod invited world-renown game theorists
to try to solve the dilemma.3 In Axelrod’s first competition, 14 theorists submit-
ted computer programs. Each program was run a total of 15 times: once in head-
to-head competition against each of the other 13 programs, once against a ran-
dom computer-generated choice, and once against itself. The entrants knew that
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TABLE 8.2

Profits (Jensen, Waldman)

Waldman Action

Collude Defect
Collude 100,100 25,120

Jensen Action
Defect 120, 26 80, 80

the game would last 200 rounds. The winner of Axelrod’s tournament was Anatol
Rapoport, who used a relatively simple strategy known as tit-for-tat.* ’

A tit-for-tat player adopts the following strategy: .
1. Start off in the first round cooperating, K
2. In every subsequent round, adopt your opponent’s strategy in the previous. :
round (e.g., in round N, adopt your opponent’s strategy in round N-1). 4

Despite the fact that tit-for-tat never beat any of the other 13 strategies in 1
head-to-head competition, it still won the overall contest! How? By piling up rel-%; 3
atively good showings against every other strategy. if

To understand how tit-for-tat works, consider the following Jensen- Waldman«
Mini Tournament, where Jensen plays tit-for-tat and Waldman plays the clomi-gati
nant strategy. As in the Axelrod tournament, the strategies will be pitted against.-3
each other and then they will be pitted against an opponent playing the same;’
strategy. The game will be played according to the payoffs in Table 8.2. Begint g
with Jensen playing tit-for-tat against Waldman playing the dominant strategy.
Waldman, of course, will defect in every round. We know that Waldman must -
win the head-to-head competition because the dominant strategy always beats or ?5
ties against any other strategy (it ties against another dominant strategy player). _.“
Based on the information in Table 8.2, we consider what happens in such a game,’;;

but first it is necessary to explain two important economic concepts: present;
value and discounting. o

PRESENT VALUE AND DISCOUNTING

Before explaining the Jensen-Waldman Mini Tournament, we note that in re
peated games players want to maximize long-run, not short-rin, profits
Understanding long-run profit maximization requires understanding the eco
nomic concepts of present value and discounting. Because X dollars invested t0
day at an interest rate i would increase in value to X(1 + i) dollars in one year

*It is interesting to note that Axelrod later ran his tournament with one slight modification
Instead of knowing that the game would last 200 rounds, there was a probability equal
0.00346 that the game would end on any given round. Once again Rapoport and tit-for-tat wot
Eric Rasmusen, Games and Information: An Introduction to Game Theory, (Oxford UK: Bas
Blackwell, 1989), p. 120. ;
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X(1 +1i) (1 +1i)=X(1+ i)?in two years, and X(1 + i)t in t years, the present value
of X(1 + i)t dollars received t years from today is X dollars.* By similar reasoning,
the promise to pay X dollars t years from today has a present value of:t

- _ X
present value L
Let m; represent a typical firm'’s profits in time period j, and (1 + i) represent
the rate at which the firm is willing to trade future for present income. The “i” in
the term (1 + 1) is referred to as the firm’s discount rate. r,, represents the firm’s
present value of profits in the following equation:
a1 T2

3 Ty

= + + +.. o+ —D 1
™TAE) A2 (1S 1=+ (8-1]
or:
_ i
Tov =21 {TF D

The maximization of long-run profits implies the maximization of x,,. From
equation 8.1 it is apparent that the maximization of long-run profits depends not
only on the flow of economic profits, w;, but also, and critically, on the discount
rate i. Firms with short-time horizons will have high discount rates and will want
to earn high profits in early periods even if it means sacrificing future profits, and
firms with longer time horizons and lower discount rates will want to sacrifice
current profits to earn higher profits in the future.# Assuming n goes to infinity
and m; is constant for all values of j, it is easy to prove that:$

*f X = $100 and i = 10%, then the present value of $110 received in one year is $100 because it
is necessary to invest $100 today to receive $110 in one year. Similarly the present value of §121
received in two years is $100 today.

TAt an interest rate of 10 percent, the promise to pay $100 in one year has a present value of
$90.91 because:

present value of $100 received in one year = % = 90.909090.

tFor example, a firm owned by an individual nearing retirement with no heirs might have a very
high discount rate.

§This result can be obtained by using simple algebra as follows:
Ty = il + il +
Mo+ 1+

_ 1
1Tpv = m TT,

T

AT,
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i
1
’Tl'pv = m ("ITI + "ﬂ'pv)

Moy (1 + i} = m + Wy



182

Chapter 8—Collusion: The Great Prisoner’s Dilemma

b g R T -

R R ITREITIATTE

- ———

T i

NG A

Assuming, for simplicity, that Jensen and Waldman value a dollar earned to-
day as equivalent to a dollar earned any time in the future, the discount rate isi =
0. Later in this chapter this simplifying assumption is eliminated.

A round-by-round depiction of the Jensen versus Waldman game would look
as follows:

Jensen Strategy (Profits) Waldman Strategy (Profits)

Round Plays Tit-for-Tat Plays Dominant Strategy
1 Collude (25) Defect (120)
2 Defect (80) Defect (80)
3 Defect (80) Defect (80)
200 ‘ Defect (80) Defect (80)
Total Profits: Jensen = 15,945 Waldman = 16,040 ;

In the first round Jensen uses the tit-for-tat strategy and plays collude. *}'
Waldman plays the dominant strategy in the prisoner’s dilemma game and de- %
fects. Waldman wins the first round and earns 120. Jensen loses the first round
and earns 25. In round 2, Jensen plays Waldman's round 1 strategy and defects.
Waldman continues to play the dominant strategy and defects. In round 2 they
each earn 80. In every subsequent round they both defect and earn 80. The 200':
round totals: Waldman—16,040, Jensen—15,945. Waldman has “won,” but it is’
surely a Pyrrhic victory because if they had reached the perfectly collusive result,
they each would have earned profits of 20,000 (100 X 200).

In the Axelrod tournament, each strategy was also pitted against 1tself
Consider a game in which Jensen plays tit-for-tat against another tlt-for-tat
player. A round-by-round tit-for-tat versus tit-for-tat game would look as follows:
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Jensen Player 2 ‘
Round Plays Tit-for-Tat Plays Tit- or-TatE,;‘
1 Collude (100) Collude (100) ¥
2 Collude (100) Collude (100)
3 Collude (100) Collude (100) %
200 Collude (100) Collude (100)
Total Profits: Jensen = 20,000 Player 2 = 20, 000 ;

In tit-for-tat versus tit-for-tat, defections never occur, and each player earns A
the maximum 20,000. -

By contrast, consider a game in which Waldman plays against another domi-§
nant strategy player. Defections always occur, and each player earns only 16,000-%
A round-by-round Waldman dominant strategy versus another player’s dominant,
strategy game would look as follows: ‘
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I’ Waldman Player 2
_" Round Plays Dominant Strategy Plays Dominant Strategy
1 Defect (80) Defect (80)
. 2 Defect (80) Defect (80)

" 3 Defect (80) Defect (80)

A . 3 H H H

200 Defect (80) Defect (80)
i Total Profits: Waldman = 16,000 Player 2 = 16,000

Even in our greatly simplified tournament, Jensen'’s tit-for-tat easily defeats
Waldman’s dominant strategy in combined profits as follows:

Combined Profits in the Two Games for Each Strategy

Jensen’s Profits Using Tit-for-Tat

Game 1—Jensen v, Waldman

‘ Jensen’s Profits—15,945
- Waldman's Profits—16,040
h Game 2—Jensen v. Another Tit-for-Tat Player
’ Jensen's Profits — 20,000

Jensen'’s Tit-for-Tat Combined Profits = 15,945 + 20,000 = 35,945.

Waldman’s Profits using the Dominant Strategy
Game 1--Waldman v. Jensen
Jensen’s Profits-—15,945
Waldman'’s Profits—16,040
Game 2—Waldman v. Another Dominant Strategy Player
Waldman'’s Profits—16,000

Waldman’s Dominant Strategy Combined Profits =
16,040 + 16,000 = 32,040.

In the Jensen-Waldman Mini Tournament, Jensen playing tit-for-tat wins
35,945 to 32,040. However, in terms of wins and losses, Jensen had a record of
zero wins, 1 loss, and 1 tie; and Waldman had a record of 1 win, zero losses, and 1
tie. In the real Axelrod tournament, tit-for-tat won in exactly the same manner,
by doing reasonably well against every other strategy, despite losing seven of the
14 head-to-head competitions. Its overall record in the Axelrod Tournament was
a weak zero wins, 7 losses and 7 ties; yet it won.4

Does tit-for-tat solve the prisoner’s dilemma? Not really. It does not guaran-
tee that the collusive price will be maintained in all, or even most, rounds, yet it
won by exhibiting several important properties: it is relatively nice toward com-
petitors; it punishes all defections; and it forgives defectors who return to the fold.

- Tit-for-tat is nice in the sense that it never initiates an aggressive action. It is ag-
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gressive in the sense that it punishes all aggressive moves, even first-time defec.
tions, and it is forgiving in that it rewards defectors who revert to cooperation by
also reverting to cooperation.

According to Axelrod, the niceness characteristic was tit-for-tat’s most impor-. .
tant advantage.®> Virtually all of the highly rated strategies submitted to Axelrod
were nice. In fact, each of the top eight ranking strategies was nice in the sense that
it was never the first to defect until very close to the end of the game. The nice en. ;
tries did much better than the more aggressive entries in terms of average scores.

One major lesson to be learned from the victory of tit-for-tat in Axelrod’s
tournament is the importance of being able to recognize and punish defectors,
But it would be incorrect to generalize tit-for-tat’s victory into an implication that -
oligopolists should simply adopt the tit-for-tat strategy in all circumstances. Tit.
for-tat has some glaring weaknesses as a solution to the prisoner’s dilemma. For
one thing, in a single elimination tournament, such as the NCAA basketball tour- .
nament, tit-for-tat would be knocked out early. If our simple Jensen- Waldman‘
tournament had been a single-elimination tournament, Jensen’s tit-for-tat would *
have been defeated and eliminated by Waldman’s dominant strategy in the first ¢ w
round. For another thing, in a game with uncertain and incomplete mformatlona
where the nonplayer nature randomly enters the game once in a while and selects &%
defect as the move to be played by one of the players, two Tit-for-Tat players com- %4
peting against each other fare very poorly.* i i

To understand why two tit-for-tat players fare very poorly in such a game,* B
consider a 200-round game played by General Electric and Westinghouse wherer :
nature randomly selects defect once for each firm between round 2 and round 10,.%;
but otherwise both firms always play tit-for-tat. Recall Table 8.1 shows the payoff
matrix. The pattern in such a game would be:
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Round GE Strategy (Profits) Westinghouse Strategy (Proﬁts);’;': :
1 Collude (100) Collude (100) k.
2 Collude (100) Collude (100) ?‘?
3 Nature selects defect (120) Collude (25) rﬁ
4 Collude (25) Defect (120) b
5 Defect (120) Collude (25) . *i
6 Collude (25) Defect (120) g
7 Defect (120) Collude (25)
8 Collude (25) Defect (120)
9 Defect (80) Nature selects defect (80) ‘-‘P‘

*Recall from Chapter 6 that many games require a nonplayer (nature) to take random actions at ‘
some pojnt in a game. If a game includes nature, but nature does not move first, or nature’s first
move is observed by all players, the game is of complete information. Furthermore, if nature nevet
moves after any other player moves, then the game is said to be of certain information. In the
game being played here, nature moves after a move by another player, and nature’s move is not
observed by both players; therefore, the game is a game of incomplete and uncertain informa-
tion. '
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Round GE Strategy (Profits) Westinghouse Strategy (Profits)
10 Defect (80) Defect (80)
11 Defect (80) Defect (80)
12 Defect (80) Defect (80)
200 Defect (80) Defect (80)
Total Profits: 15,995 15,995

In this game with incomplete and uncertain information, either firm would
earn higher profits by playing the dominant strategy and earning either 16,040 if
its opponent played tit-for-tat or 16,000 if its opponent played the dominant
strategy. :

If both firms behaved even more nicely and played tit-for-two-tats, however,
they would have fared much better. Suppose that General Electric and Westing-
house play tit-for-two-tats, with nature randomly selecting defect once for each
firm between round 2 and round 10. Such a game would have the following
pattern:

Round GE Strategy (Profits) Westinghouse Strategy (Profits)
1 Collude (100) Collude (100)
2 Collude (100) Coliude (100)
3 Nature selects defect (120) Collude (25)
4 Collude (100) Collude (100)
5 Collude (100) Collude (100)
6 Collude (100) Collude (100)
7 Collude (100) Collude (100)
8 Collude (100) Collude (100)
9 Collude (25) Nature selects defect (120)
10 Collude (100) Collude (100)
11 Collude (100) Collude (100)
12 Collude (100) Collude (100}
200 Collude (100) Collude (100)
Total Profits: 19,945 19,945

Thus if General Electric and Westinghouse are just a bit nicer and allow for
one unpunished defection, their profits increase from 15,995 to 19,945, an in-
crease of 24.7 percent. The decision to play the more aggressive tit-for-tat strategy
would cost each firm a great deal of profit. In Axelrod’s first tournament, a strat-
egy of tit-for-two-tats would have won.6

Just as nature randomly selects defect in the above games and this random
defection can destroy effective collusion, in the real world of oligopotistic compe-
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tition a price reduction or defection can be misinterpreted by competitors as an
aggressive act, leading to a large decline in price unless competitors behave

nicely.

¥4 A Real World Example of “Nice” Behavior
n Response to Random or “Accidental”
Defect:ons

AUTOMOBILES?

After World War II, General Motors was the dominant firm in the automobile -
market. Until the late 1970s, the automobile manufacturers announced price
changes once each year when the new models were introduced in the fall. The '
general pricing policy was for Ford and Chrysler to match General Motors’ per-
centage price increases. Sometimes, however, Ford or Chrysler would introduce
their new car models before General Motors introduced its new cars. In those ;
years Ford and Chrysler would try to guess how large GM’s price increases would B
be and announce their price increases accordingly. If they guessed “too high,”"§
Ford and Chrysler would lower their prices to match GM'’s price increases. This is
not surprising because Ford and Chrysler had to be competitive with the 1ndustry 1
leader. '
In 1956, 1970, and 1974, however, Ford and Chrysler introduced their new’,
cars first and guessed “too low”—GM later announced higher price increases. l_
Ford and Chrysler clearly preferred lower price increases than GM in 1956, 1970,;,3
and 1974, and Ford and Chrysler could have used those lower prices to gain mar-',
ket share at GM’s expense. Instead, in each of those three years, Ford and ;
Chrysler behaved “nicely” and revised their price increases upward to match’
GM'’s increases. By behaving nicely, Ford and Chrysler were able to maintain in-+
dustry pricing stability and avoid a potential downward price spiral. :

54 Another Strategy for Maintaining
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In Chapter 7 the Bertrand equilibrium in a finite game played by two firms, Firm'} 8
1 and Firm 2, was identified as P = MC, Recall the basic conditions of the?
Bertrand game in Chapter 7: Firm 1 and Firm 2 produce a homogeneous product; !
industry demand is P = 100 — Q, and MC = AC = 10 for both firms. If the fxrmS/v
could solve the prisoner’s dilemma and engage in perfect collusion, the ]omt'
profit-maximizing quantity of 45 would be produced and price would equal 551
However, given Bertrand behavioral assumptions, Q = 90 and P = 10.

Now consider an infinitely repeated version of this game played with both i
firms following the behavioral rules listed: 4
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1. Start by cooperating and charging the joint profit-maximizing price P = 55.

2. Continue to charge the joint profit-maximizing price P = 55 unless the other
player lowers price below P = 5§, in which case charge the Bertrand equilib-
rium price P = 10 forever.

The strategy in this game is referred to as a trigger price strategy because even a
single deviation from cooperation ends cooperation forever. Because of the swift
and aggressive punishment associated with defecting in this game, this strategy is
also often called the grim strategy.

What is the equilibrium in the grim strategy game? If the two firms engage in
perfect collusion, P = 35, q; = q3 = 22.5, and n = Q (P — AC) = 22.5 (§5 - 10) =
1012.50 for each firm. In this case the firms share the industry’s jointly maxi-
mized profit of 2025. Using the results of the discussion of present value and dis-
counting earlier in this chapter, we find that if both firms cooperate forever be-
ginning at time t = 0, the present value of profits for each is:

qeollude — § 1012 S0 1012.50 + 020: 1012 50

pv t—-o(l iy t—1(1-§-1)t
_ 1 1 _ 1012.50
1012.50 + 1012.50 | + 4 + g * - - - | = 101250 + 101250,

Suppose Firm 1 decides to defect in period t = O and charge a price P = 55 —e.
The price P is infinitesimally less than 55. Firm 1 would then capture the entire
market (remember the product is homogeneous) in period t = 0, and Firm 1
would earn an amount infinitesimally less than 2025. By the grim strategy, how-
ever, in every subsequent round P = 10 and economic profits are zero because P =
10 = AC. The present value of Firm 1’s profits would then be:

nfefect = 2025 —e + 210 2025 — e.
t =
Should Firm 1 cooperate? It makes sense to cooperate as long as the following
condition is met:

defect
n%c:;’llude = np% ec

or if
1012.50 + L(”TZ-SQ >2025 =i<1.

A discount rate i > 1 (or a discount rate above 100 percent) would imply that
Firm 1 cares little about future profits and is willing to sacrifice more than $200
dollars in profits next year in return for just $100 in profits this year. Such a high
discount rate, although not impossible, is quite improbable in the world of mod-
ern corporations. In the real world, firms’ discount rates will typically be much
less than 1 because firms place considerable value on future profits as well as on
current profits. Economists typically assume a discount rate in the range of 5 per-
cent to 10 percent (0.05-0.10) as being reasonable. A discount rate of 10 percent
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implies that the firm is willing to sacrifice $110 dollars in profits next year in re-
turn for $100 in profits this year.

Aslong asi< 1, the equilibrium in the grim strategy game is for both firms to
always charge the perfectly collusive price P = 55 and share maximum joint prof-
its in each period. Intuitively, the reason for this result is that if a firm charges a
price below the monopoly price in any period it gains all of the monopoly profits
in that period, but for one period only; then the price cutter earns economic prof-
its equal to zero forever. In this game even a small price cut triggers a punitive re-
sponse that lowers price to marginal cost, and therefore the collusive result holds
for all periods.*

/| Collusive Agreements as Viewed by One
b Firm in a Cartel

Suppose a cartel consists of many firms. How will any one firm view its best alter-
native given the choices of the other firms? Consider a hypothetical firm, the
“MidEast Corporation.” Suppose, in Figure 8.1, the carte] price has been set by an
explicit agreement at P,, the cartel’s joint profit-maximizing price. If all cartel
members always abide by the cartel price then MidEast’s demand curve can be
calculated as Dy, where Dy is called a followship demand curve because it as-
sumes that MidEast is simply following the price of all other cartel members. The
cartel’s price, P,, may or may not be the price for which MRy = MC for MidEast.

MidEast Corporation can consider two broad pricing options: (1) maintain-
ing the price at P, or (2) attempting to secretly reduce its price below P, If MidEast
is able to secretly reduce its price relative to other cartel members, then it should
be able to steal buyers away and move along its non-followship demand curve,
Dyr, which is drawn under the assumption that MidEast alone changes price
while all other firms price at P,. Dy, therefore, will be more elastic than Dg. For
prices below P,, Dyy is simply a cheating on the cartel demand curve, If MidEast de-
cides to cheat, then profit maximization calls for an expansion of output to Qe
and a lowering of price to Pg,.

Of course, if MidEast thinks it can cheat without being detected, why
wouldn’t every other cartel member think the same way? And if each and every
member of the cartel believed that it could cheat without being detected, then
each firm would lower price, and MidEast would move along it§ followship de-
mand curve Dy. If every firm behaved exactly like MidEast and cut price to Pen
then MidEast would operate on Dy and sell only Q; units. Because P, represents
the cartel’s joint profit-maximizing price, industry profits must decline when the
industry’s price declines to P,.

*The grim strategy provided a formal game theoretic foundation for successful perfect collusion.
but there is a problem with the result. If instead of the perfectly collusive price P = 55, the tw0
firms began the game by charging any price between 10 and 55, and then adopted the grim strat-
egy, the initial price would also be a valid equilibrium price. This result is known as the Folk
Theorem because it was part of the oral tradition or “folk wisdom” among game theorists 108
before it was published.
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Dollars

N

MRNF

MC = AC

Quantity
QD Q1 Och

Figure 8.1 Followship and non-followship demand curves in a cartel,

The MidEast situation is simply another example of the prisoner’s dilemma.
A price reduction is a dominant solution for MidEast because it is MidEast's best
option no matter what strategy is adopted by the other cartel members. If the
other members maintain price at P,, then MidEast should move along its non-
followship demand curve and cut price to P,. On the other hand, if the other car-
tel members reduce price below P, then MidEast would experience a dramatic re-
duction in sales unless it matched the price reduction.

Previously we stated that “the cartel’s price, P,, may or may not be the price
for which MRy = MC for MidEast.” If P, is the joint profit-maximizing price,
shouldn’t it be the price for which MC = MR for MidEast and every other mem-
ber? If all firms face identical costs of production and there is no significant prod-
uct differentiation, then P, should be the price for which MC = MR; for MidEast.
If the firms have differing costs, however, or if product differentiation is signifi-
cant, then P, will be a compromise price that is unlikely to coincide with
MidEast’s desired profit-maximizing price.

Figures 8.2(a) through 8.2(c) depict a situation where duopolists have differ-
ing costs. Suppose that ABC Inc. is a low-cost producer and XYZ Inc. is a high-cost
firm. In panel 8.2(a) industry demand is:

P =100 - 2Q = 100 - 3 (ganc + 9xv2)
Therefore, by the twice as steep rule, marginal revenue is:

MR = 100 — (qasc + Qxvz)-
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Doliars

MCxvz
MC=45+qfc>rq>5
MCABC 40+2qf0r0<q<_=5

100

86.25

72.5 Y

50

40f Demand

Quantity
11.25 16.25 275 100\MR 200 i

Figure 8.2{a) The joint profit-maximizing price in a duopoly where the firms have different costs. .

Dollars
ACapc R
AVCABC i
100 MCagc 24
85 \ 4

2N

/
70 X j
65 3

P
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15\ 27.25\ 50 oo Cuantty
20 30 :
MRasc

Figure 8.2(b) Profit-maximizing price for the low-cost firm ABC.
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Dollars ACyyz
MCxvz AVCyyz
100
87.5
83.3 ¢

78.5
s K

50 Dxvz

Quantity

167\ 25 50 100
125 215
MR

Figure 8.2{c) Profit-maximizing price for the high-cost firm XYZ.

Assume there is no product differentiation, and therefore, if the firms charge
the same price, they split the demand curve. In panels 8.2(b) and 8.2(c), the equal

shares demand curves are drawn as:
Pasc = 100 — qpc and pxyz = 100 — qxyz.
By the twice as steep rule, the firms’ equal shares marginal revenue curves are:
MIspe = 100 — 2Qapc and mryyz = 100 — 2qxyz.
In Figures 8.2(b) and 8.2(c), the firms have the following cost curves:
FC = 150
MCapc = 40 + ?;qABC and mcyyz = 50 + 2qxyz-

Equating mc and mr in panels (b) and (c) yields the following preferred
profit-maximizing quantity and price for ABC and XYZ, respectively:

Qapc = 15 and papc = 85.00

qxyz = 12.5 and pyyz = 87.50
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Not surprisingly, the high-cost firm, XYZ, prefers a price that is higher than that
of the low-cost producer ABC. Furthermore, note that the two firms have differ-
ent marginal costs at their preferred profit-maximizing quantities, with mcype =
70 and mcxyz = 75. Because joint profit maximization requires that the marginal
cost of production be equal for both firms, this outcome is clearly not the joint
profit-maximizing result.

How do these preferred prices compare with the joint profit-maximizing
price? To determine the joint profit-maximizing price, the industry marginal cost
curve must be equated to the industry marginal revenue curve. This is done in
panel (a). Notice that the industry marginal cost curve is derived by adding the
two individual marginal cost curves horizontally, not vertically, to yield:*

MC=40+2Qfor0<Q<3$
MC =45+ Qfor Q> 5.
For joint profit maximization:
MC =45+ Q =100 - Q = MR.

Solving for Q vields Q = 27.5, and substituting back into the demand curvev’l‘
yields P = 100 — 0.5(27.5) = 86.25. -¢

The joint profit-maximizing price is a compromise between the preferred }
prices of the two firms. This creates a serious problem for the firms in their at-ﬁ
tempt to arrive at a price agreement regardless of whether the agreement is ex-}
plicit or tacit.

Another serious barrier to achieving joint profit maximization with drffermg }
costs is that it requires significant differences in the outputs of the two firms.;
With joint profit maximization, total industry output is 27.5 units, but the d1v1-
sion of output between ABC and XYZ would have to ensure that the marglnalw
cost of each firm was equal. In this example, each firm’s marginal cost would have::l
to equal the industry’s marginal cost of 72.50 in panel (a). To maximize industry,]
profits XYZ would be forced to reduce its output to 11.25 units compared wrthds4

Ik
Vil

*For marginal costs between 40 and 50, only the low-cost firm ABC's marginal cost curve is reles
vant, so for industry outputs between 0 and 5 the marginal cost curve is simply MC = 40 + 2Q

For marginal costs greater than 50, the industry’s marginal cost curve is derived by adding
the quantities for any given marginal cost as follows:

mcype =40 + 2 Qapc OF Qapc = - 20. N

- 25.

L] el ST A

Mcxyz = 50 + 2 qapc OF Qxyz =

Q=QABC+vaz=—L—mc——ZO+%mc-—25=mc—45
or

mc = 45 + Q.
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16.25 units for ABC.* Unless the two firms can figure out a way to share profits
more equitably, it is doubtful XYZ would go along with such a result.

Why doesn’t ABC simply announce its desired low price, 85.00, and force
XYZ to go along? Although this might seem like an easy solution, it presents seri-
ous potential problems for ABC. If XYZ wants to show its displeasure with P =
85.00, it might start a price war. XYZ has latitude to lower price, because it could
reduce price to marginal cost, P = 83.3, and still earn positive economic profits
because its price would be above average total cost, even if ABC matched its price
cut to 83.3. ABC, of course, could respond to XYZ's price cut by lowering its price
to P = 80.00, cover its marginal cost, and earn positive economic profits, but such
a move would be risky for a number of reasons. First, if ABC reduced price to
80.00, XYZ could still reduce price further. In fact, XYZ could reduce price to
78.50 and still cover its average total cost. If XYZ got really upset with ABC, XYZ
could reduce its price considerably below 78.50, all the way down to 75 and still
cover its average variable cost (AVC)., Of course, the low-cost producer ABC could
more than match any cuts by XYZ and could reduce price to 70 and still cover its
AVC. :

A price reduction by ABC below its AVC of 70, however, might result in legal
trouble in the United States. As we discuss in detail in Chapters 18 and 21, the an-
titrust laws make it illegal to reduce prices in a effort to monopolize a market.
Price reductions aimed at monopolizing a market are referred to as predatory
prices, and a cut below AVC, which is below the firm'’s shutdown price, might be
viewed as predatory and result in antitrust action.

Second, if ABC cuts price to marginal cost at 80.00, but XYZ cuts only to 83.3,
then ABC will have a major price advantage and customers are likely to flock to
ABC. As a result the assumption of an equal shares demand curve would no
longer be valid, and ABC would be faced with a much more elastic non-followship
demand curve. The problem for ABC might then be its inability to meet this addi-
tional demand with its existing capacity. Angry customers might willingly return
to buy available supplies from XYZ, and ABC might end up losing much of its
good will.

To summarize briefly, when firms face differing costs, it is much more diffi-
cult to agree on a price.

*To maximize joint profits each firm must produce the output for which me = 72.50. For XYZ,
this implies that:
mCxyz = 50 + quyz = 72.50

or:
qQxyz = 11.25.
For ABC, this implies that:
MCapc = 40 + 2Qapc = 72.50
or:

qasc = 1625
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Dollars 1

‘hf ;

100 %

o5 [

40 L
Quantity TR
15 50 \ 100
MRagc '
Figure 8.3{a} Profit-maximizing price for Firm ABC with a larger demand. N
Dollars ,
ACyxyz TICENS
AVCyyz o
100 MCxyz
80 3
‘&
Dxvz o
40 4
:j'
"
—~ Quantity
10 25 \ 50 4
MR -
Figure 8.3(b) Profit-maximizing price for Firm XYZ with a smaller demand. 8
N
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An analogous argument can be made for industries with significant product
differentiation.? Suppose, for example, that ABC and XYZ have identical marginal
costs, but because of product differentiation, ABC's demand is greater than XYZ's
demand. Figures 8.3(a) and 8.3(b) show such a situation. In Figures 8.3(a) and
8.3(b), the following demand curves are drawn under the assumption that both
firms charge an identical price:*

ABC's demand curve: page = 100 — Qapc
XYZ's demand curve: pxyz = 100 — 2qxyz
Using the twice as steep rule, the marginal revenue curves are:

mrypc = 100 — 2qapc

mrgyz = 100 — 4qxy;z

Suppose each firm’s costs are:
FC = 150
mc = 40 + 2q

Equating mc and mr in Figures 8.3(a) and 8.3(b) yields the preferred profit-
maximizing quantity and price for each firm. The profit-maximizing quantities
and prices for ABC and XYZ are: '

Qasc = 15 and papc = 85.00
qxyz = 10 and pxyz = 80.00

In this case ABC, with a larger demand, prefers the higher price. Once again,
the firms will have to compromise if they are {o reach any kind of price agree-
ment,

._ Factors Affecting the Ease or Difficulty
of Effective Collusion

Recall that effective collusion entails an ability to detect and punish cheaters. In
addition to cost or demand differences, many other factors affect the ease or diffi-

*The assumption of identical prices in a market with product differentiation may seem highly
unlikely. This assumption is used here in part to simplify the mathematical analysis. it is, how-
ever, plausible that firms tacitly agree to compete strictly on the basis of product differentiation
and avoid price competition. For example, Ben and Jerry’s and Hiagen Dazs Ice Cream may rec-
ognize that competition based on product differentiation in the form of different flavors, differ-
ent fat contents, and different social images may result in greater profits than competition based
on price, because it is less likely to result in a breakdown in discipline.
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culty of detecting cheating or punishing cheaters Some other major factors are *
Y \ Y considered next.10 :
P

NUMBER OF FIRMS !

Generally speaking, as the number of firms increases reaching an agreement to fix -
price becomes harder because detecting cheating becomes more difficult. Strong " 4§
theoretical and empirical evidence supports this view. When two or three firms
are involved it is extremely unlikely that one firm can get away with a significant .
price reduction without being detected. Conversely, with fifty firms the likelj.
hood of escaping detection is much greater. :

Not only is detection easier with a smaller number of firms, but also the in.
centive to retaliate against price cutting is far greater. If one relatively small firm
of fifty cheats, it is unlikely to have a major impact on the profits of the other
forty-nine firms, and it may not be worth the profit sacrifice for the others tor
taliate. However, cheating by one of three firms is very likely to make a major
dent in the profits of the other two, resulting in a strong incentive for retali
tion.

Empirical studles of the incidence of price fixing support both these general
conclusions. Very few price fixing cases involve more than two dozen firms.

CONCENTRATION?2

Concentration should also influence the likelihood of effective collusion. Hig
concentration should make it easier for the leading firms to behave as price lea
ers with smaller firms simply following. Consider two industries, each wit
twenty firms. If the four-firm concentration ratio is 80 in industry 1, and 30 in i
dustry 2, then the four dominant firms in industry 1 should be able to agree o
price with less concern about the response of the competitive fringe of firms.
Empirical evidence supports a positive relationship between concentratio
and effective collusion. Hay and Kelly, for example, found that most stable carte
were formed in industries with a fairly high degree of concentration.!3

RATE OF TECHNOLOGICAL CHANGE

A rapid rate of technological advance results in either new products or ne
lower-cost methods of production. Frequent introduction of new products resul

~ in fluctuations in demand among firms, leading to the problems associated wi
differing demand curves. Constantly changing production processes leads to co
differences and their associated problems.

A contrast between two industries should help clarify this point. Reaching
price agreement in the computer industry is very difficult because technolo
changes both the product mix and the costs of production so rapidly. Any pricej

agreement reached today is likely to be cheated on by the newest low-cost or ne
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product producer tomorrow. By contrast, in the gypsum board industry, techno-
logical change has proceeded at a snail’s pace over the last eighty years, and few,
if any, differences exist between firms’ production methods.* Therefore gypsum
board producers can relatively easily reach price-fixing agreements.

The impact of the rate of growth in demand on the likelihood of effective collu-
sion is ambiguous. In industries in which demand is stagnant or declining, firms
may sustain economic losses and turn to collusion in a desperate attempt to earn
a profit. Slow rates of demand growth, therefore, may be associated with higher
levels of collusion. However, declining demand may make it difficult to maintain
effective collusion. Such was the case throughout the 1950s in the electrical
equipment industry. Firms in the industry were quick to attempt to tighten up on
collusive agreements during recessions and were just as quick to break the agree-
ments. OPEC has also tried hard to reach agreement during recessions, but, like
the electrical equipment manufacturers, OPEC has had difficulty maintaining
those agreements.

Things are a bit more clear-cut with regard to the relationship between the
elasticity of demand and collusion. The more inelastic the demand, the greater
the incentive to collude because it is easier to raise price without having to signif-
icantly reduce industry output. If demand is highly elastic, even the strongest car-
tels will struggle to increase price, because a price increase will result in a large re-
duction in industry output and require significant output reductions by all cartel
members.

I
#FREQUENCY OF SALES'S

In some industries, such as light bulbs and toiletries, the frequency of sales is very
rapid and orders come in at a smooth, consistent pace. In industries with a high
frequency of sales, the loss of an order or twg creates few problems for any firm
and there is less need to turn to collusion to allocate market shares.

In other industries, such as commercial aircraft and electric turbines, the fre-
quency of sales is slow and orders come in at a lumpy, inconsistent pace. In in-
dustries with a low frequency of sales, one order can keep a plant in operation for
months, sometimes even years. Consider, for example, the importance of defense
contracts in the aerospace industry or orders for multimillion dollar electric tur-
bines in the electrical equipment industry. In the absence of collusion, such
lumpiness of orders often makes it difficult to avoid price wars as each firm bat-
tles to maintain its market share. To avoid destructive price competition, such in-
dustries often turn to price-fixing agreements.

Table 8.3 summarizes the major factors that affect the ease or difficulty of
reaching collusive agreements.

*Gypsum board is commonly known as wallboard and is used to build walls in most modern
homes.
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L

! TABLE 8.3 Different Factors’ Impact

CAZ L
oI

Factors Facilitating Effective Collusion Factors Hindering Effective Collusion

1. ldentical costs for all firms Differing costs between' firms

2. No product differentiation Significant product differentiation

3. Smail number of firms Large number of firms

4. High concentration ' ~ Low concentration

5. Slow rate of technological advance Rapid rate of technological advance

6. Steady rate of demand growth Slow rate of demand growth or
declining demand

7. Low slasticity of demand High elasticity of dernand

8. Low frequency of sales High frequency of sales

SUMMARY i ' axi ”fize long-run, riot short-run, proflts. j
i a

z
KEY TERMS ;
discounting infinite game
discount rate non-followship demand curve
explicit collusion overt collusion
Folk theorem petfect collusion
followship demand curve predatory prices

; grim strategy present value
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prisoner’s dilemma tit-for-tat strategy
tacit collusion trigger price strategy

DISCUSSION QUESTIONS

1.

Is the chapter’s assumption of a zero discount rate in the Waldman-Jensen
Tournament reasonable? Explain.

If the Axelrod Tournament had been a single-elimination tournament (that is,

losing once to an opponent results in elimination from the tournament),
would there be a strategy that ensured you could never lose the tournament?

Suppose in a duopoly one firm produces with high fixed costs and low vari-
able costs and the other firm produces with low fixed costs and high variable
costs. Which firm would prefer a lower price? Will that firm be able to force
the other firm to charge that lower price?

. In which of the following industries would you expect price collusion to be

easier to maintain?

a. Steel or ready-to-eat cereals

b. Hotels or crude oil production
¢. Glass containers or fast food

PROBLEMS

1.

What is the present value of a promise to pay $1,000 in two years at a dis-
count rate of 10 percent? What is the present value of a promise to pay
$1,000 for the next 100 years at a discount rate of 10 percent? What would
these values be if the discount rate were 5 percent? What would these values

be if the discount rate were 20 percent?

What would the result of a competition between Jensen and Waldman have
been if Jensen played the “grim strategy” and Waldman played “tit-for-tat”?

. Suppose a duopoly faces an industry demand curve of P = 100 — Q. If the

firms charge the same price, they share the demand so that they each face a
demand curve:

P, =100 — 2q;fori=1, 2

The firms, however, face the following different marginal costs:

mc; = 10 + 2q, and mc, = 22 + 2q,

a. If both firms charge the same price, what is Firm 1’s preferred price?
b. If both firms charge the same price, what is Firm 2's preferred price?

c. What is the joint profit maximizing price? How much output would each
firm produce if they charged the joint profit maximizing price?
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4. Would it be easy or difficult to maintain effective collusion if two duopolists

faced the following profit matrix:

Firm B’s Action

High Price Low Price
High Price 1,000, 150 700, 100
Firm A’s Action
Low Price 800, 50 500, 75

Does there appear to be a dominant firm in this industry? Does Firm A have a
dominant solution to this game? Does Firm B have a dominant solution to

this game?
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