
Imperfect Competition

Intermediate Microeconomic 
Theory 



OUTLINE

• SUMMARY OF MARKET STRUCTURES

• MEASURING MARKET POWER

• MODELS OF IMPERFECT COMPETITION

• COURNOT MODEL – SIMULTANEOUS QUANTITY COMPETITION

• BERTRAND MODEL – SIMULTANEOUS PRICE COMPETITION

• CARTELS AND COLLUSION

• STACKELBERG MODEL – SEQUENTIAL QUANTITY COMPETITION

• PRODUCT DIFFERENTIATION

2



SUMMARY OF MARKET STRUCTURES
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Industry N of firms Type of Good Price-takers? Entry Barriers?

Perfect competition Many Homogeneous Yes No

Monopoly One No close substitutes No Yes

Oligopoly Some Homogeneous or 

heterogeneous

No Yes

Table 14.1



MEASURING MARKET POWER

4



MEASURING MARKET POWER

• A COMMON MEASURE OF MARKET POWER IS THE NUMBER 

OF FIRMS IN AN INDUSTRY, 𝑁 ≥ 1.

• IT DOES NOT INFORM ABOUT MARKET SHARES. 

• EXAMPLE: 

• CONSIDER TWO INDUSTRIES, 𝐴 AND 𝐵, WITH 𝑁 = 3 FIRMS EACH.

• IN INDUSTRY 𝐴, ONE OF THE FIRMS ENJOYS A 98% MARKET SHARE.

• IN INDUSTRY 𝐵, MARKET SHARE IS EVENLY DISTRIBUTED, EACH FIRM HOLDS 

33.33%.

• THE HERFINDAHL-HIRSCHMAN INDEX (HHI) OF MARKET 

CONCENTRATION ACCOUNTS FOR BOTH THE NUMBER OF 

FIRMS AND THEIR MARKET SHARES. 
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MEASURING MARKET POWER

• THE HHI IS GIVEN BY

𝐻𝐻𝐼 = (𝑠1)
2 + (𝑠2)

2 +⋯(𝑠𝑁)
2,

WHERE 𝑠1 REPRESENTS THE MARKET SHARE OF FIRM 1 (IN %), 𝑠2 IS THAT

OF FIRM 2, AND SIMILARLY FOR ALL REMAINING 𝑁 FIRMS IN THE INDUSTRY.

• IN A MONOPOLY, IN WHICH A SINGLE FIRM CAPTURES THE ENTIRE

MARKET SHARE, 𝑠1 = 100,

𝐻𝐻𝐼 = (100)2= 10,000.

• IN A DUOPOLY, WITH TWO FIRMS EVENLY SHARING MARKET POWER,

𝐻𝐻𝐼 = (50)2+ (50)2= 5,000.
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MEASURING MARKET POWER

• IN AN OLIGOPOLY, WITH 1,000 FIRMS, EACH CAPTURING 
1

1,000
OF THE MARKET 

SHARE,

𝐻𝐻𝐼 =
1

1,000

2

+
1

1,000

2

+⋯+
1

1,000

2

= 1,000
1

1,000

2

= 0.001.

• GENERALLY, IN AN INDUSTRY WITH 𝑁 ≥ 1, WITH 𝑠𝑖 =
1

𝑁
,

𝐻𝐻𝐼 =
1

𝑁

2

+
1

𝑁

2

+⋯+
1

𝑁

2

= 𝑁
1

𝑁

2

=
1

𝑁
,

WHICH CONVERGES TO ZERO WHEN 𝑁 IS SUFFICIENTLY LARGE.
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MEASURING MARKET POWER

• THE HHI RANGES FROM 10,000 TO 0.

• A HIGH HHI ARISES IN HIGHLY CONCENTRATED INDUSTRIES.

• A LOW HHI EMERGES WHEN MARKET POWER IS MORE EVENLY 

DISTRIBUTED. 

• EXAMPLES:

• US LIGHT BULB MARKET, WITH AROUND 57 FIRMS, 

• 𝐻𝐻𝐼 = 2,757. SOME OF THESE FIRMS ENJOY A LARGE MARKET 

SHARE.

• GLASS CONTAINER MANUFACTURING, WITH 22 FIRMS,

• 𝐻𝐻𝐼 = 2,582. MARKET SHARES ARE MORE EVENLY SPLIT AMONG 

FIRMS (I.E., THE MARKET IS LESS CONCENTRATED).
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MODELS OF IMPERFECT COMPETITION
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MODELS OF IMPERFECT COMPETITION

• CONSIDER A MARKET WITH 𝑁 ≥ 2 FIRMS, ALL OF THEM 

SELLING A RELATIVELY HOMOGENEOUS PRODUCT (E.G., 

BRANDS OF UNFLAVORED WATER).

• IN THIS SCENARIO, WE CONSIDER THREE MODELS OF FIRM 

COMPETITION:

(1) COURNOT MODEL OF SIMULTANEOUS QUANTITY COMPETITION.

(2) BERTRAND MODEL OF SIMULTANEOUS PRICE COMPETITION.

(3) STACKELBERG MODEL OF SEQUENTIAL QUANTITY COMPETITION.
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COURNOT MODEL–
SIMULTANEOUS QUANTITY COMPETITION
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COURNOT MODEL

• CONSIDER AN INDUSTRY WITH 𝑁 = 2 FIRMS SELLING A

HOMOGENEOUS PRODUCT.

• EVERY FIRM INDEPENDENTLY AND SIMULTANEOUSLY CHOOSES

ITS PROFIT MAXIMIZING OUTPUT (𝑞1 FOR FIRM 1 AND 𝑞2 FOR

FIRM 2).

• THE MARKET PRICE IS DETERMINED BY INSERTING 𝑞1 AND 𝑞2
INTO THE INVERSE DEMAND FUNCTION 𝑝(𝑞1, 𝑞2). ASSUME THIS

FUNCTION IS LINEAR, 𝑝(𝑞1, 𝑞2) = 𝑎 − 𝑏(𝑞1+𝑞2), WHERE 𝑎, 𝑏 > 0.

• FIRM 1’S TOTAL COST FUNCTION IS 𝑇𝐶1(𝑞1)=𝑐𝑞1, WHERE 𝑐 > 0.

• FIRM 2’S TOTAL COST FUNCTION IS SYMMETRIC, 𝑇𝐶2 𝑞2 = 𝑐𝑞2.
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COURNOT MODEL

FIRM 1. ITS PMP IS TO CHOOSE 𝑞1 TO SOLVE

MAX
𝑞1

𝜋1 = 𝑇𝑅1 − 𝑇𝐶1 = 𝑝 𝑞1, 𝑞2 𝑞1 − 𝑐𝑞1

= 𝑎 − 𝑏 𝑞1 + 𝑞2 𝑞1 − 𝑐𝑞1,

WHERE 𝑇𝑅1 = 𝑝(𝑞1, 𝑞2)𝑞1 DENOTES TOTAL REVENUE (PRICE PER UNITS SOLD), AND 𝑇𝐶1 = 𝑐𝑞1
IS ITS TOTAL COST.

• TO MAXIMIZE ITS PROFITS, FIRM 1 DIFFERENTIATE THIS EXPRESSION WITH 

RESPECT TO 𝑞1,

𝜕𝜋1
𝑞1

= 𝑎 − 2𝑏𝑞1 − 𝑏𝑞2 − 𝑐 = 0.

REARRANGING AND SOLVING FOR 𝑞1,

13
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COURNOT MODEL

𝑎 − 𝑐 − 𝑏𝑞2 = 2𝑏𝑞1,

𝑞1 𝑞2 =
𝑎 − 𝑐

2𝑏
−
1

2
𝑞2,

WHICH IS REFERRED TO AS FIRM 1’S “BEST RESPONSE FUNCTION.”

• THE BEST RESPONSE FUNCTION DESCRIBES THE PROFIT MAXIMIZING 
OUTPUT THAT FIRM 1 CHOOSES AS A RESPONSE TO EACH OF THE OUTPUT 
LEVELS THAT FIRM 2 SELECTS.

• IF 𝑎 = 10, 𝑏 = 1, AND 𝑐 = 2, FIRM 1’S BEST RESPONSE FUNCTION BECOMES

𝑞1 𝑞2 =
10 − 2

2 × 1
−
1

2
𝑞2 = 4 −

1

2
𝑞2.

• IF FIRM 2 PRODUCES 𝑞2 = 3 UNITS, FIRM 1 RESPONDS WITH 

𝑞1 2 = 4 −
1

2
2 = 2.5 UNITS.
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COURNOT MODEL

• FIRM 1’S BEST RESPONSE FUNCTION, 𝑞1 𝑞2 =
𝑎−𝑐

2𝑏
−

1

2
𝑞2.
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• It originates at 
𝑎−𝑐

2𝑏
on the vertical 

axis when firm 2 chooses 𝑞2 = 0.

• It decreases with a slope of −1/2
for every unit of 𝑞2. 

• When 𝑞1
𝑎−𝑐

𝑏
=

𝑎−𝑐

2𝑏
−

1

2

𝑎−𝑐

2𝑏

= 0 units.

As firm 2 increases 𝑞2, firm 1 is left 
with a smaller residual demand to 
serve.

When 𝑞2 ≥
𝑎−𝑐

𝑏
, firm 1 shut down, 

producing 𝑞1 = 0.

Figure 14.1



COURNOT MODEL

FIRM 2. A SIMILAR ARGUMENT APPLIES TO FIRM 2, WHICH SOLVES

MAX
𝑞2

𝜋2 = 𝑇𝑅2 − 𝑇𝐶2 = 𝑝 𝑞1, 𝑞2 𝑞2 − 𝑐𝑞2

= 𝑎 − 𝑏 𝑞1 + 𝑞2 𝑞2 − 𝑐𝑞2.

• DIFFERENTIATING WITH RESPECT TO 𝑞2,

𝜕𝜋2
𝑞2

= 𝑎 − 𝑏𝑞1 − 2𝑏𝑞2 − 𝑐 = 0.

REARRANGING AND SOLVING FOR 𝑞2, WE FIND FIRM 2’S BEST RESPONSE 

FUNCTION,

𝑎 − 𝑐 − 𝑏𝑞1 = 2𝑏𝑞2,

𝑞2 𝑞1 =
𝑎 − 𝑐

2𝑏
−
1

2
𝑞1.
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COURNOT MODEL

• FIRM 2’S BEST RESPONSE FUNCTION, 𝑞2 𝑞1 =
𝑎−𝑐

2𝑏
−

1

2
𝑞1, IS 

SYMMETRIC TO THAT OF FIRM 1 BECAUSE BOTH FACE THE SAME 

DEMAND AND COSTS.
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Figure 14.2

• It originates at 
𝑎−𝑐

2𝑏
when firm 1 is 

inactive but it decreases at a rate 
of 1/2 as firm 1 increases its 
production.



COURNOT MODEL

• SUPERIMPOSING FIRM 1’S AND FIRM 2’S BEST RESPONSE FUNCTIONS, WE 

OBTAIN THEIR CROSSING POINT: COURNOT EQUILIBRIUM. 

• BOTH FIRMS ARE CHOOSING OUTPUT LEVELS THAT ARE THE BEST 

RESPONSE TO THE OUTPUT OF ITS RIVAL (I.E., FIRMS ARE SELECTING 

MUTUAL BEST RESPONSES, WHICH IS THE NASH EQUILIBRIUM (NE) OF A 

GAME).
18
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COURNOT MODEL

• TO FIND THE POINT WHERE THE BEST RESPONSE FUNCTIONS 

CROSS EACH OTHER, WE CAN INSERT 𝐵𝑅𝐹2 INTO 𝐵𝑅𝐹1,

𝑞1 =
𝑎 − 𝑐

2𝑏
−
1

2

𝑎 − 𝑐

2𝑏
−
1

2
𝑞1 ,

• REARRANGING AND SOLVING FOR 𝑞1, WE FIND 𝑞1
∗,

3

4
𝑞1 =

𝑎 − 𝑐

2𝑏
,

𝑞1
∗ =

𝑎 − 𝑐

3𝑏
.
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COURNOT MODEL

• INSERTING THIS OUTPUT LEVEL INTO 𝐵𝑅𝐹1, WE FIND 𝑞2
∗,

𝑞2
𝑎 − 𝑐

3𝑏
=
𝑎 − 𝑐

2𝑏
−
1

2

𝑎 − 𝑐

3𝑏

=
3 𝑎 − 𝑐 − 𝑎 − 𝑐

6𝑏
,

𝑞2
∗ =

𝑎 − 𝑐

3𝑏
.

20
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COURNOT MODEL

• THE OUTPUT PAIR 𝑞1
∗, 𝑞2

∗ =
𝑎−𝑐

3𝑏
,
𝑎−𝑐

3𝑏
IS THE NASH EQUILIBRIUM 

OF THE COURNOT GAME.

21Figure 14.3



COURNOT MODEL

• AN ALTERNATIVE APPROACH TO SOLVE FOR THE EQUILIBRIUM OUTPUT 

IS TO INVOKE SYMMETRY. 

• BECAUSE FIRMS ARE SYMMETRIC IN THEIR REVENUES AND COSTS, WE 

CAN CLAIM THAT THERE MUST BE A SYMMETRIC EQUILIBRIUM WHERE 

𝑞1
∗ = 𝑞2

∗ = 𝑞∗.

• INSERTING THIS PROPERTY INTO EITHER FIRM’S BRF, 

𝑞∗ =
𝑎 − 𝑐

2𝑏
−
1

2
𝑞∗,

3

2
𝑞∗ =

𝑎 − 𝑐

2𝑏
,

𝑞∗ =
𝑎 − 𝑐

3𝑏
.
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COURNOT MODEL

• WE FIND EQUILIBRIUM PRICE BY EVALUATING THE INVERSE 

DEMAND FUNCTION

𝑝 𝑞1, 𝑞2 = 𝑎 − 𝑏(𝑞1 + 𝑞2)

AT 𝑞1
∗ = 𝑞2

∗ =
𝑎−𝑐

3𝑏
,

𝑝∗
𝑎 − 𝑐

3𝑏
,
𝑎 − 𝑐

3𝑏
= 𝑎 − 𝑏

𝑎 − 𝑐

3𝑏
+
𝑎 − 𝑐

3𝑏

= 𝑎 −
2 𝑎 − 𝑐

3
=
𝑎 + 2𝑐

3
.
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COURNOT MODEL

• FINALLY, EQUILIBRIUM PROFITS FOR EVERY FIRM 𝑖 = {1,2} ARE

𝜋𝑖
∗ = 𝑝∗𝑞𝑖

∗ − 𝑐𝑞𝑖
∗ =

𝑎 + 2𝑐

3

𝑎 − 𝑐

3𝑏
− 𝑐

𝑎 − 𝑐

3𝑏

=
(𝑎 + 2𝑐)(𝑎 − 𝑐)

9𝑏
−
3𝑐 𝑎 − 𝑐

9𝑏

=
𝑎2 − 2𝑎𝑐 + 𝑐2

9𝑏
,

OR, MORE COMPACTLY,

𝜋𝑖
∗ =

(𝑎−𝑐)2

9𝑏

BECAUSE (𝑎 − 𝑐)2= 𝑎2 − 2𝑎𝑐 − 𝑐2. 

IT CAN BE ALTERNATIVELY EXPRESSED AS 𝜋𝑖
∗ = (𝑞∗)2.
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COURNOT MODEL

• EXAMPLE 14.1: COURNOT MODEL WITH SYMMETRIC COSTS.

• CONSIDER A DUOPOLY WITH 𝑝 𝑞1, 𝑞2 = 12 − 𝑞1 − 𝑞2, WHERE EVERY

FIRM 𝑖 = {1,2} FACES A SYMMETRIC COST FUNCTION 𝑇𝐶𝑖 𝑞𝑖 = 4𝑞𝑖.

• FIRM 1’S BEST RESPONSE FUNCTION. FIRM 1 CHOOSES 𝑞1 TO SOLVE

MAX
𝑞1

𝜋1 = 12 − 𝑞1 − 𝑞2 𝑞1 − 4𝑞1.

DIFFERENTIATING WITH RESPECT TO 𝑞1,

𝜕𝜋1
𝑞1

= 12 − 2𝑞1 − 𝑞2 − 4 = 0.

REARRANGING AND SOLVING FOR 𝑞1,

8 − 𝑞2 = 2𝑞1,

𝑞1 𝑞2 = 4 −
1

2
𝑞2.

25
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COURNOT MODEL

• EXAMPLE 14.1 (CONTINUED):

• FIRM 2’S BEST RESPONSE FUNCTION. FIRM 2 CHOOSES 𝑞2 TO SOLVE

MAX
𝑞2

𝜋2 = 12 − 𝑞1 − 𝑞2 𝑞2 − 4𝑞2.

DIFFERENTIATING WITH RESPECT TO 𝑞2,

𝜕𝜋2
𝑞2

= 12 − 𝑞1 − 2𝑞2 − 4 = 0.

REARRANGING AND SOLVING FOR 𝑞1,

8 − 𝑞1 = 2𝑞2,

𝑞2 𝑞1 = 4 −
1

2
𝑞1,

WHICH IS SYMMETRIC TO THAT OF FIRM 1.
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COURNOT MODEL

• EXAMPLE 14.1 (CONTINUED):

• FINDING EQUILIBRIUM OUTPUT. 

WE CAN INVOKE SYMMETRY, AND CLAIM 

𝑞1
∗ = 𝑞2

∗ = 𝑞∗.

INSERTING THIS PROPERTY INTO EITHER FIRM’S BEST 

RESPONSE FUNCTION, AND SOLVING FOR 𝑞∗,

𝑞∗ = 4 −
1

2
𝑞∗,

3

2
𝑞∗ = 4 ⟹ 𝑞∗ =

8

3
.
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COURNOT MODEL

• EXAMPLE 14.1 (CONTINUED):

• FINDING EQUILIBRIUM OUTPUT (CONT.).

EQUILIBRIUM PRICE IS

𝑝∗
8

3
,
8

3
= 12 − 𝑞∗ − 𝑞∗ = 12 −

8

3
−
8

3
=
20

3
≅ $6.67,

PRODUCING FOR EVERY FIRM 𝑖 = {1,2} EQUILIBRIUM PROFITS 

OF 

𝜋𝑖
∗ = 𝑝∗𝑞∗ − 𝑐𝑞∗ =

20

3

8

3
− 4

8

3
=
160

9
−
96

9
=
64

9
.
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COURNOT MODEL

• EXAMPLE 14.2: COURNOT MODEL WITH ASYMMETRIC

COSTS.

• CONSIDER TWO FIRMS COMPETING Á LA COURNOT,

FACING THE SAME INVERSE DEMAND AS IN EXAMPLE 14.1,

𝑝 𝑞1, 𝑞2 = 12 − 𝑞1 − 𝑞2,

BUT DIFFERENT COST FUNCTIONS 

𝑇𝐶1 𝑞1, 𝑞2 = 4𝑞1,

𝑇𝐶2 𝑞1, 𝑞2 = 3𝑞2.
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COURNOT MODEL

• EXAMPLE 14.2 (CONTINUED):

• FIRM 1’S BEST RESPONSE.

FIRM 1’S PMP IS

MAX
𝑞1

𝜋1 = 12 − 𝑞1 − 𝑞2 𝑞1 − 4𝑞1.

THIS PROBLEM COINCIDES WITH THE ONE IN EXAMPLE 14.1, 

YIELDING THE SAME BEST RESPONSE FUNCTION, 

𝑞1 𝑞2 = 4 −
1

2
𝑞2.
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COURNOT MODEL

• EXAMPLE 14.2 (CONTINUED):

• FIRM 2’S BEST RESPONSE. FIRM 2’S PMP IS

MAX
𝑞2

𝜋2 = 12 − 𝑞1 − 𝑞2 𝑞2 − 3𝑞2.

DIFFERENTIATING WITH RESPECT TO 𝑞2,

𝜕𝜋2
𝑞2

= 12 − 𝑞1 − 2𝑞2 − 3 = 0.

REARRANGING AND SOLVING FOR 𝑞2, YIELDS 

9 − 𝑞1 = 2𝑞2 ⟹ 𝑞2 𝑞1 =
9

2
−
1

2
𝑞1.

THIS FUNCTION HAS THE SAME SLOPE AS THAT IN EXAMPLE 14.1, BUT IT ORIGINATES AT 

9/2 RATHER THAN AT 4. THIS INDICATES THAT, FOR EVERY OUTPUT OF FIRM 1, FIRM 2’S 

OUTPUT IS NOW LARGEST BECAUSE ITS MARGINAL COST IS 3 RATHER THAN 4.
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COURNOT MODEL

• EXAMPLE 14.2 (CONTINUED):

• FINDING EQUILIBRIUM OUTPUT. WE CANNOT INVOKE SYMMETRY BECAUSE

FIRMS FACE DIFFERENT PRODUCTION COSTS. INSERTING 𝐵𝑅𝐹2 INTO 𝐵𝑅𝐹1,

AND SOLVING FOR 𝑞1,

𝑞1 = 4 −
1

2

9

2
−
1

2
𝑞1 ,

𝑞1 = 4 −
9

4
+
1

4
𝑞1,

3

4
𝑞1 =

7

4
⟹ 𝑞1

∗ =
7

3
≅ 2.33.

INSERTING THIS RESULT INTO 𝐵𝑅𝐹2, 

𝑞2
∗ =

9

2
−
1

2

7

3
=
10

3
≅ 3.33,

WHERE 𝑞2
∗ > 𝑞1

∗ BECAUSE FIRM 2’S MARGINAL COST IS LOWER.
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COURNOT MODEL
• EXAMPLE 14.2 (CONTINUED):

IN THIS SCENARIO, EQUILIBRIUM PRICE AND EQUILIBRIUM PROFITS 

ARE

𝑝∗ =
19

3
,

𝜋1
∗ =

49

9
,

𝜋2
∗ =

100

9
.

FIRM 2, WHICH IS BENEFITING FROM A COST ADVANTAGE, EARNS A 

LARGER PROFIT THAN FIRM 1 WHICH SUFFERS FROM A COST 

DISADVANTAGE.
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BERTRAND MODEL–
SIMULTANEOUS PRICE COMPETITION
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BERTRAND MODEL

• TWO SYMMETRIC FIRMS PRODUCE A HOMOGENEOUS GOOD 
AND FACE COMMON MARGINAL COST, 𝑐 > 0.

• THEY SIMULTANEOUSLY AND INDEPENDENTLY SET 𝑝1 AND 𝑝2.

• IF 𝑝1 < 𝑝2, FIRM 1 CAPTURES ALL THE DEMAND, WHILE FIRM 2 
CAPTURES NONE:      𝑥1 𝑝1, 𝑝2, 𝐼  > 0,

𝑥2 𝑝1, 𝑝2, 𝐼 = 0.

• IF 𝑝1 > 𝑝2, FIRM 2 CAPTURES ALL DEMAND.

• IF 𝑝1 = 𝑝2, BOTH FIRMS EQUALLY SHARE MARKET DEMAND:

1

2
𝑥1 𝑝1, 𝑝2, 𝐼 > 0,

1

2
𝑥2 𝑝1, 𝑝2, 𝐼 > 0.
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BERTRAND MODEL

• THE BERTRAND MODEL OF PRICE COMPETITION CLAIMS

THAT, IN EQUILIBRIUM:

𝑝1 = 𝑝2 = 𝑐.

• TO SHOW THIS RESULT, WE NEXT DEMONSTRATE THAT ALL

POSSIBLE PRICE PAIRS (𝑝1, 𝑝2) THAT ARE DIFFERENT FROM 

𝑝1, 𝑝2 = (𝑐, 𝑐), CANNOT BE EQUILIBRIA.
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BERTRAND MODEL

• WE NEED TO SHOW THAT ANY PRICE DIFFERENT THAN THE 

MARGINAL COST, 𝑐, IS “UNSTABLE” IN THE SENSE THAT AT 

LEAST ONE FIRM HAS INCENTIVES TO DEVIATE TO A 

DIFFERENT PRICE.

• WE EXAMINE:

1. ASYMMETRIC PRICE PROFILES, WHERE 𝑝1 ≠ 𝑝2.

2. SYMMETRIC PRICE PROFILES, WHERE 𝑝1 = 𝑝2.
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BERTRAND MODEL
1. ASYMMETRIC PRICE PROFILES.

(A) CONSIDER 𝑝1 > 𝑝2 > 𝑐. 

• FIRM 2 SETS THE LOWEST PRICE AND CAPTURES THE ENTIRE 

MARKET BY MAKING A POSITIVE MARGIN BECAUSE 𝑝2 > 𝑐.

• THIS PROFILE CANNOT BE STABLE BECAUSE FIRM 1 HAS 

INCENTIVES TO DEVIATE UNDERCUTTING FIRM2’S PRICES BY 

CHARGING 𝑝1
′ = 𝑝2 − 𝜀, WHERE 𝜀 INDICATES A SMALL 

REDUCTION IN FIRM 2’S PRICE.

38
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BERTRAND MODEL
1. ASYMMETRIC PRICE PROFILES (CONT.).

(B) CONSIDER 𝑝1 > 𝑝2 = 𝑐. 

• FIRM 2 CAPTURES THE ENTIRE MARKET, BUT IT MAKES NO 

PROFIT PER UNIT.

• FIRM 1 WOULD NOT HAVE INCENTIVES TO UNDERCUT FIRM 

2’S PRICE THAT WOULD ENTAIL CHARGING A PRICE BELOW 𝑐, 

INCURRING IN A PER UNIT COST.

39

• Instead, firm 2 would have 
incentives to deviate by 
increasing its price from 𝑝2 =
𝑐 to slightly below its rival’s 
price, 𝑝2

′ = 𝑝1 − 𝜀, and make 
a higher profit. 

Figure 14.5

p2 = c p1

p1 – ε

Profitable

Deviation



BERTRAND MODEL

2. SYMMETRIC PRICE PROFILES.

(A) CONSIDER 𝑝1 = 𝑝2 > 𝑐. 

• BOTH FIRMS EVENLY SHARE THE MARKET BECAUSE THEIR 

PRICES ARE THE SAME.

• EVERT FIRM 𝑖 HAS THE INCENTIVE TO DEVIATE BY 

UNDERCUTTING ITS RIVAL’S PRICE 𝑝 BY A SMALL AMOUNT 𝜀, 

BY CHARGING 𝑝𝑖
′ = 𝑝 − 𝜀.
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BERTRAND MODEL

2. SYMMETRIC PRICE PROFILES (CONT.).

(B) CONSIDER 𝑝1 = 𝑝2 = 𝑐. 

• PRICES COINCIDE, LEADING FIRMS TO EVENLY SHARE THE MARKET. 

• THESE PRICES LEAVE NO POSITIVE MARGIN PER UNIT BECAUSE 𝑝𝑖 = 𝑐
FOR EVERY FIRM 𝑖.

• NO FIRM CAN STRICTLY INCREASE ITS PAYOFF BY UNILATERALLY 

DEVIATING: 

• A LOWER PRICE WOULD ATTRACT ALL CONSUMERS, BUT AT A LOWER PER 

UNIT LOSS.

• A HIGHER PRICE WOULD REDUCE THE DEVIATING FIRM’S SALES TO ZERO.

WE CAN CLAIM THAT SETTING 𝑝𝑖 = 𝑐 IS A WEAKLY DOMINANT STRATEGY IN 

THE BERTRAND MODEL OF PRICE COMPETITION BECAUSE NO FIRM CAN 

STRICTLY INCREASE ITS PROFIT BY DEVIATING FROM SUCH A PRICE.
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BERTRAND MODEL

• EXAMPLE 14.3: BERTRAND MODEL.

• CONSIDER THE INVERSE DEMAND FUNCTION IN EXAMPLE 14.1, 

𝑝 𝑞1, 𝑞2 = 12 − 𝑞1 − 𝑞2.

• BECAUSE 𝑄 ≡ 𝑞1 + 𝑞2 DENOTES THE AGGREGATE OUTPUT IN THE 

INDUSTRY, THE INVERSE DEMAND CAN BE EXPRESSED AS

𝑝 𝑄 = 12 − 𝑄.

• IN THE BERTRAND MODEL OF PRICE COMPETITION, ALL FIRMS IN 

THE INDUSTRY LOWER THEIR PRICES UNTIL 

𝑝 = 𝑐 ⟹ 12 − 𝑄 = 𝑐.

SOLVING FOR 𝑄, 𝑄 = 12 − 𝑐. 

• IF 𝑐 = 4, 𝑄 = 12 − 4 = 8 UNITS, EACH OF WHICH SOLD AT A PRICE OF $4.
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RECONCILING THE COURNOT 
AND BERTRAND MODELS

• WHY ARE THE RESULTS IN THE COURNOT MODEL AND 

BERTRAND MODEL SO DRAMATICALLY DIFFERENT?

• IN THE COURNOT MODEL, 

• FIRMS SET A PRICE ABOVE MARGINAL COST, MAKING A 

POSITIVE PROFIT. 

• IN THE BERTRAND MODEL, 

• FIRMS SET 𝑝 = 𝑐, EARNING NO ECONOMIC PROFITS.
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RECONCILING THE COURNOT 
AND BERTRAND MODELS

• THESE DIFFERENCES ARE DRIVEN BY THE ABSENCE OF 

CAPACITY CONSTRAINTS IN THE BERTRAND MODEL: 

• IF A FIRM CHARGES 1 CENT LESS THAN ITS RIVAL, IT 

CAPTURES THE MARKET DEMAND, REGARDLESS OF ITS 

SIZE.

• THIS ASSUMPTION MIGHT BE REASONABLE FOR GOODS 

SUCH AS ONLINE MOVIE STREAMING

• BUT DIFFICULT TO JUSTIFY WITH OTHERS (E.G., 

SMARTPHONES) WITH A WORLD DEMAND THAT CANNOT 

BE SERVED BY A SINGLE FIRM.
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CARTELS AND COLLUSION
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CARTELS AND COLLUSION

• FIRMS COMPETING IN QUANTITIES CAN EARN PROFITS BELOW THOSE 

UNDER MONOPOLY, WHICH IS EMPHASIZED WHEN FIRM COMPETE IN 

PRICES.

• WHAT IF, RATHER THAN COMPETING, FIRMS WERE TO COORDINATE 

THEIR PRODUCTION DECISIONS?

• WE ANALYZE HOW COLLUSION CAN HELP FIRM INCREASE THEIR 

PROFITS, AND UNDER WHICH CONDITION COOPERATION HOLDS.

• CARTELS SEEK TO COORDINATE PRODUCTION DECISIONS TO RAISE 

PROFITS AND PROFITS FOR PARTICIPANTS.

• IN A CARTEL FIRMS SEEK TO MAXIMIZE THEIR JOINT RATHER THAN 

THEIR INDIVIDUAL PROFITS.

• EXAMPLE: OPEC.
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CARTELS AND COLLUSION

• EXAMPLE 14.4: COLLUSION WHEN FIRMS COMPETE IN 

QUANTITIES.

• CONSIDER THE INDUSTRY IN EXAMPLE 14.2, WHERE 

𝑝 𝑞1, 𝑞2 = 12 − 𝑞1 − 𝑞2,

𝑇𝐶𝑖 𝑞𝑖 = 4𝑞𝑖 FOR EVERY FIRM 𝑖.

• IF FIRMS JOIN A CARTEL, THEY CHOOSE 𝑞1 AND 𝑞2 TO 

MAXIMIZE THEIR JOINT PROFITS, 𝜋 = 𝜋1 + 𝜋2 AS FOLLOWS:

MAX
𝑞1,𝑞2

𝜋 = 12 − 𝑞1 − 𝑞2 𝑞1 − 4𝑞1 + 12 − 𝑞1 − 𝑞2 𝑞2 − 4𝑞2.
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CARTELS AND COLLUSION

• EXAMPLE 14.4 (CONTINUED):

• THE PREVIOUS EXPRESSION CAN BE SIMPLIFIED AS

MAX
𝑞1,𝑞2

12 − 𝑞1 − 𝑞2 (𝑞1+𝑞2) − 4(𝑞1+𝑞2) ,

MAX
𝑞1,𝑞2

[12 − (𝑞1+𝑞2)](𝑞1+𝑞2) − 4(𝑞1+𝑞2).
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CARTELS AND COLLUSION

• EXAMPLE 14.4 (CONTINUED):

• BECAUSE 𝑄 = 𝑞1 + 𝑞2 DENOTES AGGREGATE OUTPUT, WE 

CAN REWRITE THE CARTEL’S  PMP AS IT WERE A SINGLE 

MONOPOLIST,

MAX
𝑞1,𝑞2

12 − 𝑄 𝑄 − 4𝑄.

• DIFFERENTIATING WITH RESPECT TO 𝑄,

12 − 2𝑄 − 4 = 0.
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CARTELS AND COLLUSION

• EXAMPLE 14.4 (CONTINUED):

• SOLVING FOR 𝑄,

𝑄∗ =
8

2
= 4 UNITS.

• BECAUSE FIRMS ARE SYMMETRIC, EACH PRODUCES 𝑞𝑖 =
𝑄∗

2
=

2 UNITS. 

• IN CONTRAST, UNDER COURNOT COMPETITION, EVERY FIRM 

PRODUCES 𝑞 =
8

3
≅ 2.66 UNITS.
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CARTELS AND COLLUSION

• EXAMPLE 14.4 (CONTINUED):

• UNDER CARTEL, EVERY FIRM LIMITS ITS OWN PRODUCTION TO 

INCREASE MARKET PRICE AND PROFITS. 

• WE CONFIRM THIS RESULT BY FINDING THAT THE CARTEL PRICE IS

𝑝 2,2 = 12 − 2 − 2 = $8,

WHICH IS HIGHER THAN UNDER COURNOT COMPETITION ($6.67).

• THE CARTEL PROFITS FOR EVERY FIRM 𝑖 ARE

𝜋𝑖
∗ = 12 − 𝑞1 − 𝑞2 𝑞𝑖 − 4𝑞𝑖 = 12 − 2 − 2 2 − 4 × 2 = $8,

WHILE UNDER COURNOT COMPETITION, 𝜋𝑖
∗ =

64

9
≅ $7.11.
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CARTELS AND COLLUSION

• WHY ARE CARTEL PROFITS LARGER THAN UNDER COURNOT 

COMPETITION?

• UNDER COURNOT, WHEN EVERY FIRM INCREASES ITS OUTPUT, IT CONSIDERS 

THE EFFECT OF SUCH ADDITIONAL PRODUCTION HAS IN ITS OWN  PROFITS, 

BUT IT IGNORES THE EFFECT ON ITS RIVAL’S PROFIT.

• UNDER THE CARTEL, FIRMS TAKE INTO ACCOUNT EACH OTHER’S BENEFITS.

FIRMS PRODUCE LESS BUT ELEVATE MARKET PRICES AND INCREASE PROFITS.

• WE NEXT IDENTIFY THE CONDITIONS TO SUSTAIN COLLUSION OVER TIME. 

• IF FIRMS INTERACT ONLY ONCE, COOPERATION CANNOT BE SUSTAINED IN 

EQUILIBRIUM.

• IF FIRMS INTERACT INFINITELY (THERE IS A PROBABILITY THAT FIRMS WILL BE IN 

THE INDUSTRY TOMORROW), COOPERATION CAN BE SUSTAINED.
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CARTELS AND COLLUSION

• EXAMPLE 14.5: SUSTAINING COOPERATION WITHIN THE 

CARTEL.

• ASSUME THAT FIRMS PLAY AN INFINITELY REPEATED COURNOT 

GAME, AND THEY SEEK TO COORDINATE THEIR PRODUCTION 

DECISIONS THROUGH THE FOLLOWING GRIM-TRIGGER STRATEGY 

(GTS):

1. IN 𝑡 = 1, EVERY FIRM STARTS COOPERATING (PRODUCING 2 UNITS).

2. IN 𝑡 > 1,

(a) EVERY FIRM CONTINUES COOPERATING, SO LONG AS ALL FIRMS 

COOPERATED IN ALL PREVIOUS PERIODS.

(b) IF, INSTEAD, IT OBSERVES SOME PAST CHEATING (DEVIATING THIS GTS), THEN 

IT PRODUCES THE COURNOT OUTPUT 𝑞∗ =
8

3
HEREAFTER.
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CARTELS AND COLLUSION

• EXAMPLE 14.5 (CONTINUED):

• WE ONLY NEED TO CHECK IF EVERY FIRM HAS INCENTIVES TO DEVIATE 

FROM THE GTS: (1) AFTER OBSERVING A HISTORY OF COOPERATION; 

AND (2) AFTER OBSERVING THAT SOME FIRM/S CHEATED.

• COOPERATION. IF FIRM 𝑖 CONTINUES COOPERATING (PRODUCING 

UNDER CARTEL 𝑞 = 2), IT OBTAINS PROFIT OF $8. THEN, ITS STREAM OF 

DISCOUNTED PAYOFFS FROM COOPERATING IS

8 + 𝛿8 + 𝛿28 +⋯ = 8(1 + 𝛿 + 𝛿2 +⋯)

=
8

1 − 𝛿
,

WHERE 𝛿 DENOTES THE DISCOUNT FACTOR WEIGHTING FUTURE PAYOFFS.
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CARTELS AND COLLUSION

• EXAMPLE 14.5 (CONTINUED):

• BEST DEVIATION. IF FIRM 𝑖 DEVIATES FROM 𝑞 = 2WHILE ITS RIVAL 

STICKS TO THE CARTEL AGREEMENT, ITS PROFITS COULD INCREASE. 

WHAT IS FIRM 𝑖’S BEST DEVIATION? WE NEED TO EVALUATE ITS 

PROFITS WHEN ITS RIVAL PRODUCES THE CARTEL OUTPUT, 𝑞𝑗 = 2,

12 − 𝑞𝑖 − 2 𝑞𝑖 − 4𝑞𝑖 = 10 − 𝑞𝑖 𝑞𝑖 − 4𝑞𝑖 .

• DIFFERENTIATING WIT RESPECT TO 𝑞𝑖 ,

10 − 2𝑞𝑖 − 4 = 0 ⟹ 𝑞𝑖 = 3 UNITS.

• INSERTING THIS “BEST DEVIATION” INTO FIRM 𝑖’S PROFITS, 

DEVIATION PROFITS ARE

𝜋𝐷𝑒𝑣 = 10 − 3 3 − 4 × 3 = $9 > CARTEL PROFIT OF $8.
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CARTELS AND COLLUSION

• EXAMPLE 14.5 (CONTINUED):

• IF FIRM 𝑖 DEVIATES, ITS STREAM OF DISCOUNTED PAYOFFS 

BECOMES

9 + 𝛿
64

9
+ 𝛿2

64

9
+ ⋯ = 9 +

64

9
(𝛿 + 𝛿2 +⋯)

= 9 +
64

9
𝛿(1 + 𝛿 +⋯)

= 9 +
64

9

𝛿

1 − 𝛿
.

• THE DEVIATING FIRM INCREASES ITS PROFITS FOR FROM $8 TO $9ONE PERIOD.

• ITS DEFECTION IS DETECTED BY ITS CARTEL PARTNER, WHICH TRIGGERS AN INFINITE 

PUNISHMENT IN WHICH BOTH FIRMS PRODUCE THE COURNOT OUTPUT, YIELDING 

A PROFIT OF 
64

9
THEREAFTER.
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CARTELS AND COLLUSION

• EXAMPLE 14.5 (CONTINUED):

• COMPARING PROFITS. EVERY FIRM 𝑖 PREFERS TO COOPERATE IF

8

1 − 𝛿
≥ 9 +

64

9

𝛿

1 − 𝛿
,

(1 − 𝛿)
8

1 − 𝛿
≥ 9 +

64

9

𝛿

1 − 𝛿
(1 − 𝛿),

8 ≥ 9 1 − 𝛿
64

9
𝛿.

• THE CARTEL OUTPUT CAN BE SUSTAINED WITH THIS GTS IF

𝛿 ≥
9

17
≅ 0.53.

THAT IS, IF FIRMS ASSIGN SUFFICIENTLY IMPORTANCE TO THEIR 

PROFITS. IF 𝛿 < 0.53, THE CARTEL AGREEMENT CANNOT BE SUSTAINED.
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STACKELBERG MODEL–
SEQUENTIAL QUANTITY COMPETITION
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STACKELBERG MODEL

• WE MODIFY THE COURNOT MODEL BY CONSIDERING THAT FIRMS 

SEQUENTIALLY COMPETE IN QUANTITIES. 

• THE STRUCTURE OF THE GAME IS:

1. FIRM 1 CHOOSES ITS OUTPUT 𝑞1.

2. FIRM 2 OBSERVES 𝑞1 AND RESPONDS WITH ITS OWN OUTPUT 𝑞2.

• THIS TIMING MAY BE DUE TO INDUSTRY OR LEGAL REASONS THAT 

PROVIDE FIRM 1 WITH AN ADVANTAGE.

• EXAMPLE: FIRM 1 IS THE FIRST TO DEVELOP A NEW PRODUCT, ALLOWING IT 

TO CHOOSE ITS OUTPUT BEFORE FIRM 2.

• THIS IS A SEQUENTIAL-MOVE GAME IN WHICH FIRM 1 IS THE LEADER AND

FIRM 2 IS THE FOLLOWER. WE SOLVE IT BY APPLYING BACKWARD 

INDUCTION. 
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STACKELBERG MODEL

• FIRM 2 (FOLLOWER). 

• FIRM 2 TAKES THE LEADER’S OUTPUT 𝑞1 AS GIVEN, BECAUSE IT IS ALREADY 

CHOSEN BY THE TIME FIRM 2 GETS TO MOVE. ITS PMP IS

MAX
𝑞2

𝑎 − 𝑏 𝑞1 + 𝑞2 𝑞2 − 𝑐𝑞2.

• DIFFERENTIATING WITH RESPECT TO 𝑞2,

𝑎 − 𝑏𝑞1 − 2𝑏𝑞2 − 𝑐 = 0,

AND SOLVING FOR 𝑞2,

𝑞2 𝑞1 =
𝑎 − 𝑐

2𝑏
−
1

2
𝑞1.

• THIS BRF COINCIDES WITH THAT OF THE COURNOT MODEL. IN BOTH SCENARIOS 

FIRM 2 TREATS FIRM 1’S OUTPUT 𝑞1 AS GIVEN, BECAUSE FIRM 2 CANNOT ALTER IT 

(COURNOT) OR BECAUSE 𝑞1 IS ALREADY PRODUCED (STACKELBERG).
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STACKELBERG MODEL

• FIRM 1 (LEADER). 

• FIRM 1 CHOOSES ITS OUTPUT 𝑞1 TO MAXIMIZE ITS PROFITS,

MAX
𝑞1

𝑎 − 𝑏 𝑞1 + 𝑞2 𝑞1 − 𝑐𝑞1.

• FIRM 1 CAN ANTICIPATE THAT FIRM 2 WILL RESPOND WITH

𝐵𝑅𝐹2 = 𝑞2 𝑞1 =
𝑎−𝑐

2𝑏
−

1

2
𝑞1, 

AS THIS MAXIMIZES THE FOLLOWER’S PROFITS.

61



STACKELBERG MODEL

• FIRM 1 (LEADER) (CONT.)

• INSERTING 𝐵𝑅𝐹2 INTO THE LEADER’S PMP,

MAX
𝑞1

𝑎 − 𝑏 𝑞1 + 𝑞2(𝑞1 𝑞1 − 𝑐𝑞1

MAX
𝑞1

𝑎 − 𝑏 𝑞1 +
𝑎 − 𝑐

2𝑏
−
1

2
𝑞1 𝑞1 − 𝑐𝑞1.

• AFTER SIMPLIFYING,

MAX
𝑞1

1

2
𝑎 + 𝑐 − 𝑏𝑞1 𝑞1 − 𝑐𝑞1.
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STACKELBERG MODEL

• FIRM 1 (LEADER) (CONT.)

• DIFFERENTIATING WITH RESPECT TO 𝑞1 , AND SOLVING FOR 𝑞1,

1

2
𝑎 − 𝑐 − 2𝑏𝑞1 = 0,

𝑞1
∗ =

𝑎 − 𝑐

2𝑏
.

• WE FIND THE FOLLOWER’S EQUILIBRIUM OUTPUT BY INSERTING 𝑞1
∗ INTO 𝐵𝑅𝐹2,

𝑞2
𝑎 − 𝑐

2𝑏
=
𝑎 − 𝑐

2𝑏
−
1

2

𝑎 − 𝑐

2𝑏
=
2 𝑎 − 𝑐

4𝑏
−
𝑎 − 𝑐

4𝑏
=
𝑎 − 𝑐

4𝑏
,

WHICH IS HALF OF LEADER OUTPUT 𝑞2
∗ =

1

2
𝑞1
∗.
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STACKELBERG MODEL

• MORE GENERALLY, THE SUBGAME PERFECT EQUILIBRIUM (SPE) OF THE 

GAME IS DESCRIBED AS

𝑞1
∗ =

𝑎 − 𝑐

2𝑏
,

𝑞2 𝑞1 =
𝑎−𝑐

2𝑏
−

1

2
𝑞1,

BECAUSE THE FOLLOWER’S BRF ALLOWS FIRM 2 TO OPTIMALLY 

RESPOND TO THE LEADER’S OUTPUT, BOTH:

• IN EQUILIBRIUM, 𝑞1
∗ =

𝑎−𝑐

2𝑏
,

• AND OFF THE EQUILIBRIUM 𝑞1
∗ ≠

𝑎−𝑐

2𝑏
.
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STACKELBERG MODEL

• IF INSTEAD, THE FOLLOWER CHOOSES 𝑞2
∗ =

𝑎−𝑐

4𝑏
IN THE SPE OF THE 

GAME, WE WOULD PROVIDE NO INFORMATION ABOUT HOW THE 

FOLLOWER RESPONDS IF THE LEADER “MADE A MISTAKE” BY 

DEVIATING FROM 𝑞1
∗.

• THE LEADER PRODUCES MORE IN THE STACKELBERG MODEL THAN IN 

COURNOT, 

𝑎 − 𝑐

2𝑏
>
𝑎 − 𝑐

4𝑏
,

WHEREAS THE FOLLOWER PRODUCES LESS,

𝑎 − 𝑐

4𝑏
<
𝑎 − 𝑐

3𝑏
.
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STACKELBERG MODEL

• IN THIS SCENARIO, EQUILIBRIUM PRICE IS

𝑝∗ = 𝑎 − 𝑏
𝑎 − 𝑐

2𝑏
+
𝑎 − 𝑐

4𝑏

= 𝑎 −
2 𝑎 − 𝑐

4
−
𝑎 − 𝑐

4

=
3𝑎 + 𝑐

4
.

• THE EQUILIBRIUM PROFITS FOR THE LEADER ARE

𝜋1
∗ =

3𝑎 + 𝑐

4
− 𝑐

𝑎 − 𝑐

2𝑏
=
3(𝑎 − 𝑐)2

8𝑏
.

• AND EQUILIBRIUM PROFITS FOR THE FOLLOWER ARE

𝜋2
∗ =

3𝑎 + 𝑐

4
− 𝑐

𝑎 − 𝑐

4𝑏
=
3(𝑎 − 𝑐)2

16𝑏
,

THAT IS EXACTLY HALF OF THE LEADER’S PROFITS, 𝜋2
∗ =

1

2
𝜋1
∗.
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STACKELBERG MODEL

• EXAMPLE 14.6: STACKELBERG MODEL.

• CONSIDER THE SAME INVERSE DEMAND FUNCTION AS IN EXAMPLE 

14.1, 𝑝 𝑞1, 𝑞2 = 12 − 𝑞1 − 𝑞2, AND MARGINAL COST 𝑐 = 4.

• INSERTING THE FOLLOWER’S BRF FOUND IN EXAMPLE 14.1, 𝑞2 𝑞1 =

4 −
1

2
𝑞1, INTO THE LEADER’S PMP,

MAX
𝑞1

12 − 𝑞1 + 4 −
1

2
𝑞1 𝑞1 − 4𝑞1 ,

MAX
𝑞1

1

2
16 − 𝑞1 𝑞1 − 4𝑞1.

• DIFFERENTIATING WITH RESPECT TO 𝑞1,

8 − 𝑞1 − 4 = 0.
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STACKELBERG MODEL

• EXAMPLE 14.6 (CONTINUED):

• SOLVING FOR 𝑞1 WE FIND THE PROFIT-MAXIMIZING 

OUTPUT FOR THE LEADER, 𝑞1
∗ = 4 UNITS.

• THEN, 𝑞2 = 2 UNITS.

• IN THIS SCENARIO, EQUILIBRIUM PRICE IS 𝑝∗ = $6.

• AND EQUILIBRIUM PROFITS BECOME

𝜋1
∗ = 6 × 4 − 4 × 4 = $8,

𝜋2
∗ = 6 × 2 − 4 × 2 = $4.
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PRODUCT DIFFERENTIATION
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PRODUCT DIFFERENTIATION

• MOST GOODS ARE DIFFERENTIATED FROM THOSE OF THEIR RIVALS:

• COKE AND PEPSI, IN THE SODA INDUSTRY.

• DELL AND LENOVO, THE THE COMPUTER INDUSTRY.

• IPHONE AND SAMSUNG GALAXY, IN THE SMARTPHONE MARKET.

• DEMAND FOR PRODUCT DIFFERENTIATION.

• CONSIDER TWO FIRMS, 𝐴 AND 𝐵, WITH INVERSE DEMAND 

FUNCTIONS,

𝑝𝐴 𝑞𝐴, 𝑞𝐵 = 𝑎 − 𝑏𝑞𝐴 − 𝑑𝑞𝐵 ,

𝑝𝐵 𝑞𝐴, 𝑞𝐵 = 𝑎 − 𝑏𝑞𝐵 − 𝑑𝑞𝐴,

WHERE 𝑏, 𝑑 ≥ 0 AND 𝑏 ≥ 𝑑

• THESE DEMANDS ARE SYMMETRIC. LET US FOCUS ON GOOD 𝐴.

• AN INCREASE IN 𝑞𝐴 OR 𝑞𝐵 REDUCES 𝑝𝐴, BUT THE EFFECT OF 𝑞𝐴 IS LARGER BECAUSE 

𝑏 > 𝑑. THE “OWN-PRICE EFFECTS” DOMINATE “CROSS-PRICE” EFFECT.
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PRODUCT DIFFERENTIATION

• WHEN 𝑑 = 0, THE INVERSE DEMAND FUNCTION FOR GOOD 

𝐴 COLLAPSES TO

𝑝𝐴 𝑞𝐴, 𝑞𝐵 = 𝑎 − 𝑏𝑞𝐴,

INDICATING THAT EVERY FIRM’S PRICE IS UNAFFECTED BY ITS 

RIVAL’S OUTPUT, AS IN TWO SEPARATE MONOPOLIES.

• WHEN 𝑑 = 𝑏, THE INVERSE DEMAND FUNCTION FOR GOOD 

𝐴 BECOMES

𝑝𝐴 𝑞𝐴, 𝑞𝐵 = 𝑎 − 𝑏𝑞𝐴 − 𝑏𝑞𝐵 = 𝑎 − 𝑏(𝑞𝐴 + 𝑞𝐵),

REFLECTING THAT 𝑝𝐴 IS SYMMETRICALLY AFFECTED BY AN 

INCREASE IN EITHER 𝑞𝐴 OR 𝑞𝐵 AS IN THE COURNOT MODEL 

WITH HOMOGENEOUS GOODS. 

71



PRODUCT DIFFERENTIATION

• BEST RESPONSES WITH PRODUCT DIFFERENTIATION.

• ASSUME EVERY FIRM 𝑖 = {𝐴, 𝐵} FACES A COST FUNCTION 𝑇𝐶 𝑞𝑖 =

𝑐𝑞1, WHERE 𝑐 > 0.

• THE PMP OF FIRM 𝐴 IS

MAX
𝑞𝐴

𝑎 − 𝑏𝑞𝐴 − 𝑑𝑞𝐵 𝑞𝐴 − 𝑐𝑞𝐴.

• DIFFERENTIATING WITH RESPECT TO 𝑞𝐴,

𝑎 − 𝑐 − 2𝑏𝑞𝐴 − 𝑑𝑞𝐵 = 0.

• REARRANGING AND SOLVING FOR 𝑞𝐴,

𝑎 − 𝑐 − 𝑑𝑞𝐵 = 2𝑏𝑞𝐴,

𝑞𝐴(𝑞𝐵) =
𝑎 − 𝑐

2𝑏
−

𝑑

2𝑏
𝑞𝐵 .
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PRODUCT DIFFERENTIATION

• FIGURE 14.7 DEPICTS 𝐵𝑅𝐹𝐴, 𝑞𝐴(𝑞𝐵) =
𝑎−𝑐

2𝑏
−

𝑑

2𝑏
𝑞𝐵 .
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• 𝑞𝐴 =
𝑎−𝑐

2𝑏
when 𝑞𝐵 = 0, but 

it decrease at rate of 
𝑑

2𝑏
. 

• 𝑞𝐴 = 0 when 𝑞𝐵 ≥
𝑎−𝑐

𝑑
.

• When 𝑑 = 0, 𝐵𝑅𝐹𝐴 reduces 

to 𝑞𝐴(𝑞𝐵) =
𝑎−𝑐

2𝑏
(monopolist).

qA

qB

a – c

2b

b d

BRFA
when d = b

BRFA
when d < b – ½

a – c a – c

Figure 14.7



PRODUCT DIFFERENTIATION

• FIGURE 14.7 DEPICTS 𝐵𝑅𝐹𝐴, 𝑞𝐴(𝑞𝐵) =
𝑎−𝑐

2𝑏
−

𝑑

2𝑏
𝑞𝐵 .
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• When 𝑑 = 𝑏, 𝑞𝐴 𝑞𝐵 =
𝑎−𝑐

𝑏
−

1

2
𝑞𝐵 (Cournot), with a 

slope of −1/2.

• When 𝑑 < 𝑏, the slope 
becomes smaller than −1/2. 
Competition is ameliorated, 
because every firm 𝑖 is induce 
to reduce its output when 
products are differentiated.

qA

qB

a – c

2b

b d

BRFA
when d = b

BRFA
when d < b – ½

a – c a – c

Figure 14.7



PRODUCT DIFFERENTIATION

• WE CAN INVOKE SYMMETRY IN EQUILIBRIUM OUTPUT 𝑞𝑖
∗ = 𝑞𝑗

∗ =

𝑞∗,

𝑞 =
𝑎 − 𝑐

2𝑏
−

𝑑

2𝑏
𝑞,

2𝑏 + 𝑑 𝑞

2𝑏
=
𝑎 − 𝑐

2𝑏
,

𝑞∗ =
𝑎 − 𝑐

2𝑏 + 𝑑
.

• WHEN PRODUCTS ARE COMPLETELY DIFFERENTIATED (𝑑 = 0), THIS 

OUTPUT BECOMES 𝑞∗ =
𝑎−𝑐

2𝑏
, AS IN MONOPOLY.

• WHEN PRODUCTS ARE HOMOGENEOUS (𝑑 = 𝑏), 𝑞∗ =
𝑎−𝑐

2𝑏+𝑏
=

𝑎−𝑐

3𝑏
, 

AS IN THE COURNOT MODEL.
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PRODUCT DIFFERENTIATION

• EQUILIBRIUM PRICE IS GIVEN BY

𝑝𝑖
∗ = 𝑎 − 𝑏𝑞𝑖

∗ + 𝑑𝑞𝑗
∗ = 𝑎 − 𝑏

𝑎 − 𝑐

2𝑏 + 𝑑
− 𝑑

𝑎 − 𝑐

2𝑏 + 𝑑

=
𝑎𝑏 + 𝑐 𝑏 + 𝑑

2𝑏 + 𝑑
.

• EQUILIBRIUM PROFITS FOR EVERY FIRM 𝑖 ARE

𝜋𝑖
∗ = 𝑝∗ − 𝑐 𝑞∗ =

𝑎𝑏 + 𝑐(𝑏 + 𝑑)

2𝑏 + 𝑑
− 𝑐

𝑎 − 𝑐

2𝑏 + 𝑑

=
(𝑎 − 𝑐)2𝑏

(2𝑏 + 𝑑)2
.
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𝑞𝑖
∗ 𝑞𝑗

∗



PRODUCT DIFFERENTIATION

• WHEN PRODUCTS ARE COMPLETELY DIFFERENTIATED (𝑑 =

0),

𝜋𝑖
∗ =

(𝑎 − 𝑐)2

4𝑏
,

AS IN MONOPOLY.

• WHEN PRODUCTS ARE HOMOGENEOUS (𝑑 = 𝑏),

𝜋𝑖
∗ =

(𝑎 − 𝑐)2𝑏

(2𝑏 + 𝑏)2
=
(𝑎 − 𝑐)2

9𝑏
,

AS IN COURNOT MODEL.

77



STACKELBERG MODEL

• EXAMPLE 14.7: OUTPUT COMPETITION WITH PRODUCT 

DIFFERENTIATION.

• CONSIDER TWO FIRMS, 𝐴 AND 𝐵, FACING THE DEMAND CURVES

𝑝𝐴 𝑞𝐴, 𝑞𝐵 = 100 − 5𝑞𝐴 − 2𝑞𝐵 ,

𝑝𝐵 𝑞𝐴, 𝑞𝐵 = 100 − 5𝑞𝐵 − 2𝑞𝐴.

• PARAMETERS ARE 𝑎 = 100, 𝑏 = 5, AND 𝑑 = 2, WHICH INDICATES THAT 

OWN-PRICE EFFECTS ARE LARGER THAN CROSS-PRICE EFFECT (I.E., 𝑏 >
𝑑).

• BOTH FIRMS HAVE SYMMETRIC MARGINAL COST OF 𝑐 = 3.

• INSERTING THESE PARAMETERS IN IN THE PREVIOUS EQUILIBRIUM 

RESULTS, EQUILIBRIUM OUTPUT IS

𝑞∗ =
100−3

2×5 +2
=

97

12
≅ 8.08 UNITS.
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STACKELBERG MODEL

• EXAMPLE 14.7 (CONTINUED):

• THE EQUILIBRIUM PRICE IS

𝑝𝑖
∗ =

100 × 5 + 3(5 + 2)

2 × 5 + 2
=
521

12
≅ $43.41.

• AND PROFITS BECOME

𝜋𝑖
∗ =

(100 − 3)25

[ 2 × 5 + 2]2
≅ $326.7.
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