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Oligopoly & Monopolistic Competition

Definitions
« Oligopoly:
— Anindustry in which there are only afew important sellers of an identical
product.

e Monopolistic Competition:

— Anindustry in which there are (1) numerous firms each providing
different but very ssimilar products (close substitutes) and (2) free entry
and exit.

| mportant: Onefirm’s choices affectsthe profit potential of other firms,
which resultsin strategic interactions among firms!



Cournot Duopoly Mode

e Assumptions
— P=a-bQ where Q isindustry output.
— Two firms produce identical product: Q = Q, + Q..
— Margina Costs: MC, = MC, =0.
e Question: How does Firm 1’s choice of output affect the demand for
the Firm 2's output?

— P=a-bQ=a-b(Q; +Q,) = (a—bQ,)—bQ,
 Linear Equation: Intercept = (a—bQ,) & slope=-b



Demand For Firm 2’s Output Given Firm 1's Output

Price

Second Firm's Output



|mportant Implications

e Demand for Firm 2 depends on Firm 1’ s output!
o Likewise, demand for Firm 1 depends on Firm 2's output!



Profit Maximization for Duopolist

Short Run Conditions: e Long Run Conditions:
— MC=MR — LMC=MR
- MC >MR’ — LMC > MR’
— P*>AVC — P*>LAC

Nothing new herel

To keep things simple, we will assume
MC’ >MR’ & P* >AVC intheshort run &
LMC >MR’ & P* >LAC inthelongrun.



What is marginal revenue for a Cournot Duopolist?

e Frml e Firm2
- TR, =P(Q)Q, = (a-bQ)Q, - TR,=P(Q)Q, = (a-bQ)Q,
- an - bQQl = aQZ - bQQZ
= an - b(Ql + Qz)Ql = an - b(Ql + Qz)Ql
- an - bQ12 - leQz - an - leQz - bQ22
— MR, =DTR,/DQ,=TR,’ = - MR,=DTR,/DQ,=TR, =

a—2bQ, - bQ, a—bQ, - 2bQ,



What is the profit maximizing output for a Cournot

Duopolist?
e Frml e Firm2
MC, = MR, MC, =MR,
O=a- 2bQ,*-bQ, O=a- bQ, - 2bQ,*
*_—a- sz *:a-—bQL
A=, 9 2b

But now what do we do?



Thetwo firm's are identical, so |ets assume they
behave identically: Q* = Q,*!

Firm Output: Industry Output: Price:

- bO, * .
Ql*:a 251 Q*=Q,*+Q,* P*=a- bQ
2bQ* =a- bQ,* 2,8 —a- b2_a
300.* = 3b 3b 3b

Q*=a
a _2a _ 3a_ 2a
Ql :Qz :% 3b 3 3
_a
3

What about firm & industry profit?
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Firm & Industry Profit

Firm Profit: Industry Profit:
Pl*:P(Q*)Ql* P*:P1*+P2*
—_ (;——— = +
e3g3b 9b 9b
_a ~ 2a?
9b 9%

So, what does all thismean?
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Question: What would happen if the two firms
merged into a monopoly?

TR=P(Q)Q = (a—bQ)Q =aQ —bQ?
MR = TR’ = a— 2bQ*
MC=MRP 0=a-2bQor Q* =a/2b
P* = P(Q*) = a— b(al2b) = a/2
P* = P(Q*)Q* = (a/2)(al2b) = a¥/4b
a 2a’

I >
Notice that 46 90

Industry profit with a monopoly is higher!

So, why would a Cournot Duopoly ever exist?
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Here s a Game

Supposea=100& b=5

Each firm can choose
— the optima Cournot Output: a/3b = 20/3 or
— half the monopoly output: a/4b = 20/4.

Each firm must choose its output before knowing the other firm’s
choice.
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The Profit Matrix

Firm 2’ s Output

Q. = 20/4 Q2 = 20/3
250 2017.7
Firm1's Q1=20/4| 250 208.3
Output 208.3 222.2
Q1=20/3 | 277.7 222.2

Firm 1 gets to choose the row, while Firm 2 gets to choose the column.

The profits for the game are determined by the row & column that is chosen.

Firm 1’sprofitisin bold, Firm 2's profit isin italics.

14



What isafirm’s best strategy, given the other firm’s

choice?

e Firm 1 maximizes profit by choosing Q, = 20/3!

— If Firm 2 chooses Q, = 20/4, Firm 1’s profits are higher if it chooses Q,
20/3 (277.7 > 250).

— If Firm 2 chooses Q, = 20/3, Firm 1’s profits are higher if it chooses Q,
20/3 (222.2 > 208.3).

e Firm 2 maximizes profit by choosing Q, = 20/3!

— If Firm 1 chooses Q, = 20/4, Firm 2’ s profits are higher if it chooses Q,
20/3 (277.7 > 250).

— If Firm 1 chooses Q, = 20/3, Firm 2’s profits are higher if it chooses Q,
20/3 (222.2 > 208.3).
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The Prisoner’ s Dilemma

Both Firm'’s would be better off agreeing to produce half the monopoly
output compared to the Cournot outpuit.

Y et, both firm’s maximize their own profit by choosing the Cournot
output regardless of what the other firm chooses to do.

Therefore, choosing half the monopoly output seems to make little
sense.
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Reaction Functions & Nash Equilibrium
An Asymmetric Cournot Duopoly

Assumptions
— P=a-bQ where Q isindustry output.
— Two firms produce identical product: Q = Q, + Q..
— Margina Costs: MC, =c¢, & MC, =c, suchthatc,? c,.
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What is the profit maximizing output for asymmetric
Cournot Duopolists?

e Frml e Frm2
MC, = MR, MC, =MR,
c, =a- 2bQ,*- bQ, c, =a- bQ, - 2bQ,*
— *:a' C - sz R — *:a' Cz'le
Ry(Q.)=Qr == Q)= Qr ==—5

But now what do we do?
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Reaction Functions & Nash Equilibrium
Definitions

Reaction/Best Response Function:

— A curvethat tells the profit maximizing level of output for one oligopolist
for each quantity supplied by others.

Nash Equilibrium:

— A combination of outputs such that each firm’s output maximizes its profit
given the output chosen by other firms.
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Example Asymmetric Duopoly Reaction Functions
Assuming a= 100, b =5, ¢, =50, & ¢, =45

Firm 1's Output

Ry(Qy)

A: Nash Equilibrium

0 1 2 3 4 5 6

Firm 2's Output

20



General Solution to the Problem

a-c, - bQ,*
2b

_a-c,- bQ,*

Starting with Q,* = 20

& Q.F

substitution implies

a-c . pd G- bQ,* 2a-2c¢ a-c,-bQ*
Ql* — : 2b — 2 2 — a- 2C1 tC, + le*

2b 2b 4b
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4bQ.* =a- 2c,+c, +bQ,*
4bQ,* - bQ,* =a- 2c,+c,
3bQ,* =a- 2c, +c,

x_ a2 *C,
& 3b

Fora=100,b =5, c, =50, & c, =45,

_100- 2" 50+45 _
3 5

Q. 3

a- 2c, +c,

2b

2a+2c, - 4c,
3
2b

_a+c - 2,
3b

_100+50- 2" 45 _
3 5

Q.* 4
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Bertrand Duopoly Model

Firms choose price ssimultaneoudly, instead of quantity.
Question: Does this matter?
Y es, or we probably would not be talking about it!
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Bertrand Duopolist Strategy

Question: If | know my competitor will choose some price P,, say $50,
what price should I choose?
Assumptions

— Two Firms

— Demand: P=a-bQ

— Margina Costss MC=MC,=MC,=0
Question: What does Firm 2's demand look like given Firm 1's choice
of price?
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Price

Firm 2's Demand Given Firm 1’s Price

120
100 -
80

60

P=75

40 1

P,=50 & 75

20 A

P,=25, 50, & 75

10 15
Second Firm's Output

20
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lmplications

Firms have an incentive to undercut their competitor’s price aslong as
they can make a profit.

This behavior will drive the price down to the marginal cost:
— PP=MCP 0=a-bQ*p Q*=alb
— P*=P*Q* = (a—b(a/b))(a/lb) = (a—a)(alb) =0
— Bertrand outcome is same as perfect competition!
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Stackelberg Duopoly Model

Firms choose quantities sequentially rather than simultaneoudly.
Question: Does this matter?
Y es, or we probably would not be talking about it!
Assumptions

— Two Firms

— Demand: P=a-bQ

— Margina Costss MC=MC,=MC,=0

— Firm 1 chooses output Q, first.

— Firm 2 chooses output Q, second after seeing Firm 1’s choice.

- Q=Q,+Q,
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How do wefind Firm 1 & 2's profit maximizing
outputs?

In the Cournot Model, neither firm got the see the other’ s output before
making its choice.

In the Stackelberg Model, Firm 2 getsto see Firm 1’ s output before
making its choice.

— Question: How can Firm 1 use this to its advantage?
e Firm 1 should consider how Firm 2 will respond to its choice of output.
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Given Firm 1's choice of output, what iIsFirm 2’s
profit maximizing output?

It isagain optimal for Firm 2 to set marginal cost equal to marginal
revenue: MC, = MR,
Firm 2’s Total Revenue:

- TR, =P(Q)Q, = (a—hb(Q, + Q,)Q, = aQ, — bQ,Q,—bQ,.
Firm 2’'s Marginal Revenue:

— MR,=TR, =a-hbQ, —2bQ,
MC,=MR, P 0=a-bQ,-2bQ,* b 2bQ,* =a—-bQ, P Q,* =
(a—DbQ,) /(2b) = Ry(Qy).
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Given Firm 2’ s best response, what is Firm 1’ s profit
maximizing output?

o Itisoptimal for Firm 1 to set marginal costs equal to marginal revenue:
MC,=MR;.
* Firm1' sTota Revenue:
- TRl = P(Q)Ql = (a_ b(Ql + Qz))Ql = an - lez_ leQz-
* But Q,=Ry(Qy), s0 TR, = aQ; —bQ,*~bQ;R,(Q,).
« Firm1l'sMargina Revenue:
— MR;=TR; =a-2bQ,; —bR,(Q,) —bQ,R, (Q,)
« ButR,(Q,) =(a—bQ,)/(2b) & R, (Q,) = -b/(2b) =-1/2, so MR, = a—2bQ, —
b(a—bQ,) / (2b) —bQ, (-1/2) = a—2bQ, —a/2 + bQ,/2 + bQ,/2 = a2 — bQ,
e MC,=MR;b 0=82-bQ*P bQ,*=al2b Q,* =al(2b)
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What is Firm 2’ s profit maximizing output, the price,
& profits?

© Q" = Ry(Q) = (a—abl(2b))/(2b) = (a—al2)/(2b) = al(4b)

+ P*=a-b(Q;* + Q) = a—b(al(2b) + al(4b)) = a—(al2+ al4) = &l4
+ P* =P*Q* = (al4) (al(2b)) = a2/(8b)

+ P, =P*Q,* = (al4) (al(4b)) = &2/(16h)

+ P* =P+ P, =a(8b) + a%/(16b) = 38%/(16h)
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Fora=100& b=5

Q,* = a/(2b) = 100/(2’ 5) = 10

Q,* = al(4b) = 100/(4 5) =5

P* = al4 = 100/4 = 25

P* = &2/(8h) = 100%/(8" 5) = 250
P_* = &2/(16b) = 100%(16 5) = 125
P* =P *+P,* =250 + 125= 375
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How do the models compare?

I ndustry Output Market Price Industry Profit
Model (Q*) (P*) (P*)
M onopoly w* = al(2b) Pu* = a/(2b) Pu* = a/(4b)
Cournot (4/3)Qu* (2/3)Pu* (8/9)P \*
Stackelberg (3/2)Qu* (1/2)Py* (314)P \*
Bertand 20u* 0 0
Perfect Competition 20Qu* 0 0
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Monopolistic Competition Model

* Recall that for monopolistic competitors

— Products are distinct, but close substitutes.

— Thereisfreeentry & exit.
e Implications

— Demand for one firm'’s product will fall when a competitor decreases

price.

— There can be no economic profits in the long run.
e Assumptions

— Two Firms

— Firm1's Demand: Q, = D,(P,,P,)

— Firm 2's Demand: Q, = D,(P,,P,)



Short Run Profit Maximization With Monopolistic

Competition
Firm 1 « Firm2
— MC, =MR(P,, P) — MG, =MR,(P,, P))
- MC; >MR/ (P, P) — MC, >MR,(P,, P))

- P,>AVC, - P,>AVC,

35



Monopolistic Competitor In the Short Run

Price (P)

MC,
AVC
Py(Py* !

Dl(Plé PZ)

Output (Q,)
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Problem

Firm 1’s profit maximizing price & output depends on Firm 2’ s profit
maximizing price.
Firm 2’s profit maximizing price & output depends on Firm 1’s profit
maximizing price.

What do we do now?
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L ook For Nash Equilibrium

e MC,=MR(P,)

b P, =Ry(P,)

« MC,=MR,(P,)

b P,=R,(P)
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Example Reaction Functions For Monopolistic
Competitors

Pl A
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Example of When a Monopolistic Competitor Will
Not Operate In the Short Run

Price (P)
MC,

AVC,

M R(PZ*) D(Pl*’ PZ*)

n
>

Output (Q,)
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Example of When a Monopolistic Competitor Will
Not Operate In the Long Run

Price (P)

LAC,

MR(Pl*’ PZ*) D(Pl*’ PZ*)

n
>

Output (Qy)
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Monopolistic Competitor Long Run Equilibrium

Price (P)

Pi(P")* |

MR(Pl*’ PZ*) D(Pl*’ PZ*)

n
>

Qu(P,*)*

Output (Q,)
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Things to Remember About Monopolistic
Competition

* Produce above minimum average costs in the long run!
* Never produce where demand isinelastic!
« Have no supply curve!



Basic Concepts of Economic Games & Thelr
Solutions

What is a game?
— Players
— Rules

 Who does what & when?
 Who knows what & when?

— Rewards
Simultaneous Game:

— Players learn nothing new during the play of the game (e.g. Cournot &
Bertrand Duopoly).

Sequential Game:

— Some players learn something new during the play of the game (e.g.
Stackelberg Duopoly).

Strategy:
— A complete description of what a player does given what it knows. 44



Example of Simultaneous Game:
Rock/Paper/Scissors

Players:.

Mason & Spencer

Rules

Players choose either Rock (R), Paper (P), or Scissors (S).
Players make choice at the same time,

Rock Beats Scissors

Paper Beats Rock

Scissors Beats Paper

Rewards
— Winner gets $10 & Loser Pays $10.

For ties everyone gets $0.

Strategies:

R,P,&S



Example of Sequential Move Game:
Rock/Paper/Scissors Spencer’s Preferred Version

Players:.
— Mason & Spencer
Rules
— Players choose either Rock (R), Paper (P), or Scissors (S).
— Tall player makes choicefirst.
— Rock Beats Scissors
— Paper Beats Rock
— Scissors Beats Paper
Rewards
— Winner gets $10 & Loser Pays $10.
— For ties everyone gets $0.
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Strategies for sequential games must specify
contingency plans.

Tall Player Strategies:
- RP, &S
Short Player Strategies

— (If Tall Player Chooses R, If Tall Player Chooses P, If Tall Player
Chooses 5)
— Total of number of strategies=3" 3" 3 =27
— Examples
* (RRR)
(SS9
« (P,SR)
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Describing Simultaneous Move Games

Your Partner’s Choice
A B
100 200
Your A | 100 0
Choice 0 50
B | 200 50

Y ou get to choose the row, while your opponent gets to choose the column.

The rewards for the game are determined by the row & column that is chosen.

Y our reward isin bold, your opponent’sreward isin italics.
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Describing Sequential Move Games

Short R ($O, $O)
(-$10,$10)
3 ($10,-$10)

Shor R, ($10,-$10)
ayer
Tall -y<g($o,$o)
Player

3 (-$10,%10)

R, (-$10,$10)

($10,-$10)
3 (30.50)

Player
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Solving Games
Equilibrium

Dominant Strategy:

— The strategy in a game that produces the best results irrespective of the

strategy chosen by an opponent.
Your Partner’s Choice
A B
100 200
Y our A | 100 0
Choice 0 50
B | 200 50

Y our dominant strategy isto play B.

Y our Opponent’ s dominant strategy isto also play B.

Thisisthe dominant strategy equilibrium.
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Thereis not always adominant strategy equilibrium!

Your Partner’s Choice
A B

100 75
Y our A | 100 0

Choice 0 50
B | 200 50

* Hereyou still will always want to play B.

* But your opponent will want to play A if you choose A and B if you
choose B.
e Thereisno dominant strategy equilibrium!
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Nash Equilibrium

o Genera Definition:
— A combination of strategies such that each player maximizesits reward
given the strategy chosen by other players.

Your Partner’s Choice
A B

100 75
Y our A | 100 0

Choice 0 50
B | 200 50

 For B & B, neither player can do better by changing their strategy
unless another player changes his.

« So0B & BisaNash equilibrium.
 Wecanawaysfind at |least one Nash equilibrium.



Multiplicity of Nash Equilibrium

Your Partner’s Choice

A

B

Y our A | 100

100

75

Choice

0

50

50

« B & BisaNash equilibrium.
e ButsoisA & A

 How do we choose?
— Everyoneis better off for A & A.
— But thisisonly one possibility.

Note: A dominant strategy equilibrium is a Nash equilibrium!
)
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Solving Sequential Games

 Work Backwards
(420,420) — |If Firm 1 chooses Low, Firm 2

High -
by should choose High.
Firm — If Firm 1 choose High, Firm 2
Low few should choose Low.
— Now Firm 1 knows it should
Eirm 1 choose High!
o Equilibrium Strategy
High \Higk ’ — Firm1: High
Eirm — Frm2:
* Highif Firm 1 chooses Low
LOW ™ (460,280 « Low if Firm 1 choose High



Thisis more than a Nash equilibrium!

Firm 1 Strategies.
— High
— Low

Firm 2's Strategies.
— (i) Choose High if Firm 1 chooses Low & High if Firm 1 Chooses High,
— (i) Choose High if Firm 1 chooses Low & Low if Firm 1 Chooses High,
— (i) Choose Low if Firm 1 chooses Low & High if Firm 1 Chooses High,
— (iv) Choose Low if Firm 1 chooses Low & Low if Firm 1 Chooses High.
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Firm1

Thisis more than a Nash equilibrium!

Low

High

Firm2
(i) (ii) (iii) (iv)
420 420 400 400
420 420 500 500
260 280 260 280
340 460 340 460

e The Nash equilibrium for thisgame are: (1) Low & (i) and (2) High &

(ii).
* (1) Low & (i) depends on an incredible threat!

— Working backward eliminates incredible threats.
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What Y ou Should Know

Characteristics of Oligopoly & Monopolistic Competition
Cournot, Bertrand, & Stackelberg Duopoly Models

— Differencesin Assumptions

— Differencesin Predicted Behavior
Reaction Functions & Nash Equilibrium
Monopolistic Competition Model

— Assumptions

— Characteristics

* No Long Run Economic Profit

* No Supply Curve
* Produce Where Demand is Elastic

Simultaneous & Sequential games and how they are solved.
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