
Econ 121b: Intermediate Microeconomics

Dirk Bergemann, Spring 2012

Week of 3/26 - 4/3

1 Lecture 16: Imperfectly Competitive Market

1.1 Price Discrimination

In the previous section we saw that the monopolist sets an inefficient quantity and
total welfare is decreased. Is there a mechanism, which allows the monopolist to
offer the efficient quantity and reap the entire possible welfare in the market? The
answer is yes if the monopolist can set a two-part tariff, for example. In general,
the monopolist can extract consumer rents by using price discrimination.

First degree price discrimination (perfect price discrimination) means discrimi-
nation by the identity of the person or the quantity ordered (non-linear pricing). It
will result in an efficient allocation. Suppose there is a single buyer and a monopoly
seller where the inverse demand is given by p = a − bx. If the monopolist were
to set a single price it would set the monopoly price. As we saw in the previous
section, however, this does not maximize the joint surplus, so the monopolist can
do better. Suppose instead that the monopolist charges a fixed fee F that the
consumer has to pay to be allowed to buy any positive amount at all, and then
sells the good at a price p, and suppose the monopolist sets the price p = c. The
fixed fee will not affect the quantity that a participating consumer will choose, so
if the consumer participates then they will choose quantity equal to x∗. The firm
can then set the entry fee to extract all the consumer surplus and the consumer
will still be willing to participate. This maximizes the joint surplus, and gives the
entire surplus to the firm, so the firm is doing as well as it could under any other
mechanism. Specifically, using the functional form from Example ?? the firm sets

F =
(a− c)x∗

2
=

(a− c)2

2b

In integral notation this is

F =

x∗∫
0

(p(x) − c)dx.
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This pricing mechanism is called a two-part tariff, and was famously used at Dis-
neyland (entry fee followed by a fee per ride), greatly increasing revenues.

Now, let’s assume that there are two different classes of consumers, type A
with utility function u(x) and type B with βu(x), β > 1, so that the second class
of consumers has a higher valuation of the good. If the monopolist structures a
two-part tariff (F, p = c) to extract all surplus from type B consumers, type A
consumers would not pay the fixed fee F since they could not recover the utility
lost from using the service. On the other hand, if the firm offers two two-part
tariffs (FA, p = c) and (FB, p = c) with FA < FB, all consumers would pick the
cheaper contract (FA, p = c). A solution to this problem would be to offer the
contracts (FA, pA > c) and (FB, p = c). Type A consumers pick the first contract
and consume less of the good and type B consumers pick the second contract,
which allows them to consume the efficient quantity. This is an example for second
degree price discrimination, which means that the firm varies the price by quantity
or quality only. It offers a menu of choices and lets the consumers self-select into
their preferred contract.

In addition, there is third degree price discrimination, in which the firm varies
the price by market or identity of the consumers. For example, Disneyland can
charge different prices in different parks. Let’s assume there are two markets,
i = 1, 2. The firm is a monopolist in both markets and its profit maximization
problem is

max
x1,x2

x1p1(x1) + x2p2(x2) − c(x1 + x2).

The FOC for each market is

pi(xi) + xip
′
i(xi) = c′(x1 + x2),

which leads to optimal solution

pi(x
∗
i ) =

c′(x∗1 + x∗2)

1 + 1
εip

for i = 1, 2.

Hence, the solution depends on the demand elasticity in market i. The price will
be different as long as the structure of demand differs.

1.2 Oligopoly

Oligopoly refers to environments where there are few large firms. These firms are
large enough that their quantity influences the price and so impacts their rivals.
Consequently each firm must condition its behavior on the behavior of the other
firms. This strategic interaction is modeled with game theory. The most important
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model of oligopoly is the Cournot model or the model of quantity competition. The
general model is described as follows: Let there be I firms denoted by,

i = 1, 2, . . . , I

each producing one homogenous good, where each firm produces qi amount of that
good. Each firm i has cost function

ci(qi)

The total production is given by,

q =
I∑
i=1

qi

We also denote total production by firms other than i by,

q−i =
∑
j 6=i

qj

The profit of firm i is given by,

πi(qi, q−i) = p(qi, q−i)qi − ci(qi)

So firm i solves,
max
qi

πi(qi, q−i)

Hence the F.O.C. is given by,

p(qi, q−i) +
∂p(qi, q−i)

∂qi
qi − c′i(qi) = 0

It is important to note that the optimal production of firm i is dependent on
the production by other firms i.e. q−i. This the strategic aspect of this model.
Therefore in order to produce any amount of the good firm i must anticipate
what others might be doing and every firm thinks the same way. So we need an
equilibrium concept here which would tell us that given the production level of
every firm no firm wants to move away from its current production.

1.2.1 Example

We here consider the duopoly case, where there are only two firms. Suppose the
inverse demand function is given by p(q) = a − bq, and the cost of producing is
constant and the same for both firms ci(q) = cq. The quantity produced in the
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market is the sum of what both firms produce q = q1 + q2. The profits for each
firm is then a function of the market price and their own quantity,

πi(qi, qj) = qi (p (qi + qj) − c) .

The strategic variable that the firm is choosing is the quantity to produce qi.
Suppose that the firms’ objective was to maximize their joint profit

π1(q1, q2) + π2(q1, q2) = (q1 + q2) (p (q1 + q2) − c)

then we know from before that this is maximized when q1 + q2 = qM . We could
refer to this as the collusive outcome. One way the two firms could split production

would be q1 = q2 = qM

2
.

If the firms could write binding contracts then they could agree on this outcome.
However, that is typically not possible (such an agreement would be price fixing),
so we would not expect this outcome to occur unless it is stable/self-enforcing. If
either firm could increase its profits by setting another quantity, then they would
have an incentive to deviate from this outcome. We will see below that both firms
would in fact have an incentive to deviate and increase their output.

Suppose now that firm i is trying to choose qi to maximize its own profits,
taking the other firm’s output as given. Then firm i’s optimization problem is

max
qi

πi(qi, qj) = qi (a− b (qi + qj) − c) ,

which has the associated FOC

∂πi(qi, qj)

∂qi
= a− b (2qi + qj) − c = 0.

Then the optimal level q∗i given any level of qj is

q∗i (qj) =
a− bqj − c

2b
.

This is firm i’s best response to whatever firm j plays. In the special case when
qj = 0 firm i is a monopolist, and the observed quantity qi corresponds to the
monopoly case. In general, when the rival has produced qj we can treat the firm
as a monopolist facing a “residual demand curve” with intercept of a − bqj. We
can write firm i’s best response function as

q∗i (qj) =
a− c

2b
− 1

2
qj.

Hence,
dqi
dqj

= −1

2
.
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Figure 1: Cournot equilibrium

This has two important implications. First, the quantity player i chooses is
decreasing in its rival’s quantity. This means that quantities are strategic substi-
tutes. Second, if player j increases their quantity player i decreases their quantity
by less than player j increased their quantity (player i decreases his quantity by
exactly 1

2
for every unit player j’s quantity is increased). So we would expect that

the output in a duopoly would be higher than in a monopoly.
We can depict the best response function graphically. Setting a = b = 1 and

0, Figure 1 shows the best response functions. Here, the best response functions
are q∗i (qj) =

1−qj
2

.
We are at a “stable” outcome if both firms are producing a best response to

their rivals’ production. We refer to such an outcome as an equilibrium. That is,
when

qi =
a− bqj − c

2b
(1)

qj =
a− bqi − c

2b
. (2)

Since the best responses are symmetric we will have qi = qj and so we can calculate
the equilibrium quantities from the equation

qi =
a− bqi − c

2b

and so

qi = qj =
a− c

3b
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and hence

q = qi + qj =
2(a− c)

3b
>
a− c

2b
= qM .

There is a higher output (and hence lower price) in a duopoly then a monopoly.
More generally, both firms are playing a best response to their rival’s action

because for all i
πi(q

∗
i , q
∗
j ) ≥ πi(qi, q

∗
j ) for all qi

That is, the profits from the quantity are (weakly) higher then the profits from
any other output. This motivates the following definition for an equilibrium in a
strategic setting.

Definition 1. A Nash Equilibrium in the duopoly game is a pair (q∗i , q
∗
j ) such that

for all i
πi(q

∗
i , q
∗
j ) ≥ πi(qi, q

∗
j ) for all qi.

This definition implicitly assumes that agents hold (correct) expectations or
beliefs about the other agents’ strategies.

A Nash Equilibrium is ultimately a stability property. There is no profitable
deviation for any of the players. In order to be at equilibrium we must have that

qi = q∗i (qj)

qj = q∗j (qi)

and so we must have that
qi = q∗i (q

∗
j (qi))

so equilibrium corresponds to a fixed-point of the mapping q∗1(q∗2(·)). This idea can
also be illustrated graphically. In Figure 1, firm 1 initially sets q1 = 1

2
, which is not

the equilibrium quantity. Firm 2 then optimally picks q2 = q∗2
(
1
2

)
= 1

4
according

to its best response function. Firm 1, in turn, chooses a new quantity according to
its best response function: q1 = q∗1

(
1
4

)
= 3

8
. This process goes on and ultimately

converges to q1 = q2 = 1
3
.
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