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Outline of the Third Lecture

3-1 Monopoly

3-2 Cournot Model

3-3 Cournot Limit Theorem

3-4 Bertrand Model

3-5 Quantity Competition vs Price Competition
3-6 Contestable Market

3-7 Product Differentiation

3-8 Hotelling Model
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Cournot Duopoly
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reaction function (i B %)
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Cournot Equilibrium
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Derivation of reaction function
o1

residual demand(FRFE)




Firm 1’s reaction curve

Firm 1’s reaction curve

/




Question: Reaction function(1)

Suppose that the inverse demand function is given by

P =A-Y. Suppose that firm 1's marginal cost c,(<A)
IS a positive constant. Suppose that firm 1’s payoff
IS its profit. Derive the reaction function of firm 1.

(Derive the optimal output of firm 1 (Y,) as a function
of Y,.)

Economics of Regulations 14



Answer: Reaction function(1)

M= (P-C)Y1=(A-Y-Y,-C)Yy
F.O.C.

A-2Y,-Y,-c,=0
—Y,=(A-c,-Y,)/2

If you consider the nonnegativity constraint for Y,

Y,= max{(A - c, - Y,)/2,0}. Henceforth, we ignore
nonnegativity constraint unless the contradicting
assumption Is stated explicitly.

Economics of Regulations 15



Question: Reaction function(2)

Suppose that the inverse demand function is given by

P = A-Y. Suppose that firm 1’s total cost C, is kY ,%/2
where Kk Is a positive constant. Suppose that firm
1's payoff is its profit. Derive the reaction function
of firm 1. (Derive the optimal output of firm 1 (Y,)
as a function of Y,,.)

Y, = (0O00O)/(2+k)



Question: Reaction function(3)

Suppose that the inverse demand function is given by

P =A-Y. Suppose that firm 1's marginal cost c, Is a
positive constant. Suppose that firm 1’s payoff is its
revenue. Derive the reaction function of firm 1.
(Derive the optimal output of firm 1 (Y,) asa
function of Y,,.)

Economics of Regulations 17



Answer: Reaction function(3)

Ri=PY;=(A-Y1-Y,)Y,
F.O.C.

A-2Y,-Y,=0

—Y,; = (A-Y,)/2

Economics of Regulations
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Question: Reaction function(4)

Suppose that the inverse demand function is given by

P =A-Y. Suppose that firm 1’s total cost C, is kY,?/2,
where k Is a positive constant. Suppose that firm 1’s
payoff is total social surplus (consumer surplus +
profits of firms). Derive the reaction function of firm
1. (Derive the optimal output of firm 1 (Y,) as a
function of Y,,.)

Economics of Regulations 19



Hint
W=[,YP(Q)dQ — PY + 3._,"(PY;- C(Y))

= JOYP(Q)dQ — 2i=1"(Ci(Y))
where Y := > ;" .

FOC for welfare maximization with respect to Y.
dW/oY, =P —-C,"=0— marginal cost pricing.

Oligopoly Theory

20



Answer: Reaction function(4)

Marginal cost pricing
A-Y,-Y,=KY,
—Y = (A-Y,)/(1 +K)

Economics of Regulations

21



Firm 2’s reaction curve

Firm 2’s reaction curve
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strategic substitute and

complement
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Question: Strategic Substitutes or
Complements(1)

Suppose that the inverse demand function is given by

P =A-Y. Suppose that firm i's marginal cost ¢, (<A) Is
constant. Suppose that firm i’'s payoff is its profit (i
=1,2).

Strategies are (strategic substitutes, strategic
complements).

Economics of Regulations 25



Answer

Suppose that the inverse demand function is given by

P =A-Y. Suppose that firm i's marginal cost ¢; Is

constant. Suppose that firm i’'s payoff is its profit (i
=1,2).

Reaction function~Y, = (A-c,-Y,)/2
Strategies are strategic substitutes.

Economics of Regulations 26



Cournot Equilibrium

The reaction curve of firm 1

The reaction curve of firm 2

Y]_C Yl
superscript C represents Cournot equilibrium



Question: Cournot Equilibrium (1)

Suppose that the inverse demand function is given by

P =A-Y. Suppose that firm i's marginal cost ¢, (<A) Is
constant. Suppose that firm i’'s payoff is its profit (i
=1,2).

Derive the Cournot equilibrium.

Reaction function



Question: Cournot Equilibrium (2)

Suppose that the inverse demand function is given by

P =A-Y. Suppose that firm i’s total cost C; is kY4/2,
where k Is a positive constant.

Suppose that firm i's payoff is its profit (i=1,2).

Derive the Cournot equilibrium.

Economics of Regulations 29



Answer: Cournot Equilibrium (2)

Y= (A- Y)I(2+K), Y, = (A - Y,)/(2+K)
Y€ = Y,C = A/(3+K)

Economics of Regulations 30



Question

Suppose that the inverse demand function is given by

P =A-Y. Suppose that firm i's marginal cost ¢; (<
A/2) i1s positive and constant (i =1,2). Suppose that
firm 1’s payoff is its revenue and firm 2's payoff is
Its profit.

(1)Derive the Cournot equilibrium.

(2)Derive the profit of each firm at the Cournot
equilibrium.

(3)Suppose that ¢, = ¢, = c. The equilibrium profit of
firm 1 is (larger, smaller) than that of firm 2.

Reaction functions~Y,; = (A-Y,)/2, Y,=(A-C,-Y,)/2



Cournot Oligopoly
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Cournot Equilibrium
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Cournot Equilibrium

Derivation of the Cournot equilibrium
Solving the system of equations
P+PY1=C1,P+PY>=Co,... P+PYs=Cy

If firms are symmetric (all firm have the same cost
function), the symmetric equilibrium is derived from

P+PY1=C1,Y=nYq (orequivalently Y, =(n-1)Y;
where Y.1 =2, ., Y;, total output of the rivals)



Symmetric Equilibrium

output of the rivals

the reaction curve of firm 1




Question

Suppose that the inverse demand function is given by

P =A-Y. Suppose that firm i's marginal cost ¢, (<A) Is
positive and constant. Suppose that firm i's payoff is
its own profit (i =1,2,...,n).

Su
(1)
(2)

Y1

ppose that c¢; =c for all I.
Derive the symmetric Cournot equilibrium.

Derive the equilibrium price.

= (A-c - ;,"Y))/2 (Reaction function),

2i=o"Y;=(n-1)Y,; (Symmetric Equilibrium)
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Cournot Limit Theorem
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perfect competition
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Cournot Limit Theorem

IO

CournotD1BIEFEE : MM+ 7 KE < LI+
IXEFRERIZED L

SEEmFHE =Cournoty B TEEMMN+o RELH
R

SEERFIIIREDIELL,
[TEENT+HNS VN ERZEEE L THEUTES]




Question

Suppose that the inverse demand function is given by

P =A-Y. Suppose that firm i's marginal cost ¢, (<A) Is
positive and constant. Suppose that firm i's payoff is
its own profit (i =1,2,...,n).

Suppose that c; = c for all 1.

(1)Derive the symmetric Cournot equilibrium.
(2)Derive the equilibrium price.

(3)Derive lim__. ., PC.

N—



Question

Suppose that the demand function is given by

Y = n(A - P). Suppose that firm i's marginal cost c,(<A)
is positive and constant. Suppose that firm i's payoff
Is its own profit (i =1,2,...,n).

Suppose that c; = c for all 1.

(1) Derive the symmetric Cournot equilibrium.
(2) Derive the equilibrium price.

(3) Derive lim,_,., PC.




Answer

(DY, =n(A-c-2,"Y)2, 2i,"Yi=(n-1)Y,
—YC=n(A-c)(n+1)

Economics of Regulations
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Answer

(DY, =n(A-c-2,"Y)2, 2i,"Yi=(n-1)Y,
—YC=n(A-c)(n+1)

(2)P=A-Y/n
—P¢=A-n?(A-c)(n(n+ 1)) =(A+nc)/(n+1)

Economics of Regulations
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Answer

(DY, =n(A-c-2,"Y)2, 2i,"Yi=(n-1)Y,
—YC=n(A-c)(n+1)

(2)P=A-Y/n
—P¢=A-n?(A-c)(n(n+ 1)) =(A+nc)/(n +1)

(3) lim_ ., P¢ =c. (Cournot Limit theorem)

Economics of Regulations
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Bertrand Duopoly
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rationing rule
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Bertrand E T JL(BEEHIK/ N N\—2 3 V)
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Bertrand48 &5 € 7 JL (B HI#/\—
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Why is P, = ¢, assumed?

The strategy P, = ¢, is weakly dominated by the
strategy P, = c,+¢&. Thus, it is not plausible.

But for the completeness of the analysis, we dare
drop this assumption for a moment.



Non-Positive Margin

Suppose that the price -cost margin can be non-
positive.
P,€ {c,, c,*¢g, C;-€, C;+2¢, C,-2€ , C,+3¢,...}

P,€ {c,, c,*+¢, C,-€, C,+2¢, C,-2¢ , C,+3¢,...}
Question: Suppose that ¢, = 100,c, =90,e = 1, and
the monopoly price of firm 1 is higher than 100.

Describe the set of Nash equilibrium prices.
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Non-Positive Margin

Suppose that the price -cost margin can be non-
positive.

P,€ {c,, Cc,*¢€, C;-€, C;+2¢, C,-2¢, C,+3¢,...}

P,€ {c,, c,*+¢, C,-€, C,+2¢, C,-2¢, C,*+3€,...}

Question: Suppose that ¢, = 100,c, =90,e = 1, and
the monopoly price of firm 1 is higher than 100.

Does (P, ,P,) =(100,101) constitutes an
equilibrium?
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Non-Positive Margin

Suppose that the price -cost margin can be non-
positive.

P,€ {c,, Cc,*¢€, C;-€, C;+2¢, C,-2¢, C,+3¢,...}

P,€ {c,, c,*+¢, C,-€, C,+2¢, C,-2¢, C,*+3€,...}

Question: Suppose that ¢, = 100,c, =90,e = 1, and
the monopoly price of firm 1 is higher than 100.

Suppose that P, =100. Derive the best reply of
firm 1.
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Non-Positive Margin

Suppose that the price -cost margin can be non-
positive.

P,€ {c,, c,*¢g, C;-€, C;+2¢, C,-2€ , C,+3¢,...}

P,€ {c,, c,*+¢, C,-€, C,+2¢, C,-2¢ , C,+3¢,...}

Question: Suppose thatc, = 100,c, = 90, = 1,
and the monopoly price of firm 1 is higher than 100.

Suppose that P, = 99. Derive the best reply of
firm 2.
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non-positive margin: multiple equilibrium

P,E {c,, C,*¢, C,-€, C,+2¢, C,-2¢ , C,*+3¢,...}

c, =100,c, = 90, ¢
Answer: (P, P,) = (100, 101), (P4, P,) = (99,100)

(
(
(

32) — (98199)1(
:)2) — (95’96)’(

P5) = (92,93),(

= 1.

2,) =(97,98), (P, P,) =(96,97)
2,) = (94,95),(P,, P,) = (93,94)

P,) = (91,92)

Multiple equilibria except for the first one is implausible

because they are supported by weakly dominated
strategies.
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guantity-setting or price-setting

(N EBELDZEMZTFTIZIROASD

= 7 RO RIZMIE Z iR H—Cournot (Kreps and
Scheinkman, 1983)

Mg ZRORIZEMEZT RO H5—Bertrand (C DEFEND &
RICEAET HiEime)
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See also Friedman (1988)




guantity-setting or price-setting

(2)TEEHIFEIRTES
B ETIIEEIIE=E T EIRT 5 (Singh and Vives,1984)
{514+ Matsumura and Ogawa, 2012.
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examples of inflexibility of prices
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examples of inflexible quantity
choice
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Contestable Market Theory
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Contestable Market




Contestable Market Theory
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Contestable Market Theory LLR] D
outdated Zx &8

Market structure— Conduct— Performance
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Contestable Market TheoryDEE

(1) BENFFOEEEICHBUNXLZHTS
(2) ¥—4 v b 2712177 R Houtdated i 77 F
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Cream-Skimming
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Question: Cournot, Differentiated
Product market

-irm 1's demand function P, =a-Y,-bY,
-irm 2’'s demand function P, =a-Y,-DbY,

D €[0,1], the degree of product differentiation
(b=1=homogeneous product)

Question: Suppose that marginal cost of each firm is
zero. Each firm maximizes its profit with respect to
Its output quantity.

(1)Derive the reaction function of firm 1.

(2)Derive the Cournot equilibrium.
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Answer: Cournot, Differentiated
Product Market

(1) T =(a-Y,-bY,)Y,
F.O.C

Economics of Regulations
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Answer: Cournot, Differentiated
Product Market

(2)Y,=(a-bY,)2,Y,=(a-bY,)?2
Y,6=Y.,c = al(2 + b)

Economics of Regulations
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Question: Bertrand, Differentiated
Product Market

ﬁ%l@%ﬁ%gﬁéﬂ Y]_ = - BP1 + YP2
TE2OFEREM Y, =a-BP,+yP,
a,[3,y are positive and constant.

Question: Suppose that marginal cost of each firm is
zero. Each firm maximizes its profit with respect to
Its price. Assume the interior solution.

(1)Derive the reaction function of firm 1.
(2)Derive the Bertrand equilibrium.
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Answer: Bertrand, Differentiated
Product market

(1) m = (a-pP;+yP,)P,

F.O.C
=a - 2P, +yP,=0 — P, = (a + YP,)/(2)

Economics of Regulations
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Answer: Bertrand, Differentiated
Product Market

(2) P,= (a + YP,)(2B), P,= (a + YP,)/(2B)
— P,®= P8 = a/(2B-)

Economics of Regulations
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Cournot Equilibrium

Firm 1’s reaction curve

Firm 2’s reaction curve




t Firm 1’s reaction

Bertrand Equilibrium

Firm 2’s reaction curve
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Duopoly Model
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Hotelling
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Relocation of Firm 1
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Equilibrium

Best Response of Firm 1
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Interpretation of the linear city

(X F@YERTH . spatial interpretation
(2)product differentiation ~ horizontal product
differentiation
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Two-Stage Location then Price
Model
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Maximal Differentiation
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Equilibrium
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—Maximal Differentiation

g R T D=0

FEEEANE LN FE D MARE XK
$E——l;tott)1ﬁ$§’&T(+%> X
AL M ETITHFERE

*ﬁ%%ﬁx&%ﬁbfﬁ(ﬁ%m$

(ZANILDEENTH D)

A€ S



Answer (Price Regulation)
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Question (Price Ceiling Regulation)
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Answer (Price Celling Regulation)
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Question (Price Ceiling Regulation

and Equilibrium

Locations)
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Price Celling
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Question (Floor Price Regulation

and

Equilibrium Locations)
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Answer (Floor Price Regulation and
Equilibrium Locations)
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Non-Uniform Distribution of
consumers

Suppose that consumers agglomerate at the center
of the city.
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Non-Uniform Distribution of
consumers

Tabuchi and Thisse (1995)

population at point X
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Non-Uniform Distribution of

consumers
Tabuchi and Thisse (1995, 1J10)

Firm 1's location Firm 2's location
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Question: The competition Is (more, less) severe under

this distribution than under the uniform distribution.
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Non-Uniform Distribution and
Competition (Question)

Suppose that p,= p, = pEin equilibrium under uniform
distribution.

Given p, = pE&, firm 1's optimal price (best response)
Is (higher, lower) than p& under non-uniform
distribution (triangle distribution) in the previous
sheet.
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Symmetric Location

Two firms compete to obtain the consumers around the
center~price elasticity of the demand is higher under
this distribution—accelerates competition
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. , . Firm 2's location
Firm 1's location
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Asymmetric Location

The relocation of firm 1 reduces the price elasticity of
the demand — mitigates competition = asymmetric
equilibrium locations
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