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1 Course Information

Semester: IV

Curriculum covered: CC VIII
Course title: Intermediate Microeconomics 11
Unit: 1.4

2 Non-Collusive Oligopoly

We will learn the limiting case of oligopoly, viz. duopoly.

2.1 Cournot duopoly model

This is the earliest model developed in 1838. The assumptions of this model are:

1. Duopolists have identical products and identical costs. Cournot illustrated his
model with the example of two firms each owning a spring of mineral water which
is produced at zero costs.

2. They sell their output in a market with a straight-line demand curve.

3. Each firm acts on the assumption that its competitor will not change its output
and decides its own output so as to maximise profit.

P
D
N\
N\
\
\
Ay
A =
p \ e=1
\ CIN
\\ \ .
P: A\ \ e
\ N
\ \
\ AY D'
0 AN, BY X
‘MR
Figure 1

Assume that Firm-A is the first to start producing and selling mineral water. It
will produce quantity A, at price P where profits are at maximum (Figure 1) because
MC=MR=0. The elasticity of market demand at this level of output is equal to unity
and the total revenue of the firm is maximum. At zero cost, maximum revenue implies
maximum profit. Now, Firm-B assumes that Firm-A will keep its output fixed at OA
and hence, considers that its own demand curve is CD’. Then Firm-B will produce half



the quantity AD’, viz. AB of output and sell at price, P’ where its profit is maximum.
Firm-B produces half of the market which has not been supplied by Firm-A, that is
Firm-Bs output is 1/4 (= 1/2 * 1/2) of the total market.

Firm-A, faced with this situation, assumes that Firm-B will retain a constant quantity
in the next period. So, it will produce one-half of the market which is not supplied by
Firm-B. Since Firm-B covers one-quarter of the market, Firm-A will, in the next period,
produce (1/2* (1-1/4)) = (1/2 * 3/4) = 3/8 of the total market. Firm-B reacts on the
Cournot assumption, and will produce one-half of the non-supplied part of the market,
viz. 1/2 (1 - 3/8) = 5/16. In the third period, Firm-A will continue to assume that
Firm-B will not change its quantity, and thus, will produce one-half of the remaining
part of the market demand, i.e. 1/2 (1 - 5/16). This action-reaction pattern continues
till an equilibrium is reached where each firm produces one-third of the total market. The
equilibrium of the Cournot firms may be obtained as follows:

1. The product of firm A in successive periods is
period 11 4
period2: 1 —H=3=4—4
period3: Hl—H)=H=1-§— %
period4: 1l - =fh=3-4-F—1h
We observe that the output of A declines gradually. We may rewrite this expression
as follows

Product of A
in equilibrium
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The expression in parenthesss is a declining geometric progression with ratio r =}
Applying the summation formula for an infinite geometric series

J a
T le=r
{whcrej = sum, ¢ = first term of series, r = ratio} we obtain
Product of A : i . T
[inf.:t.]uili'l'.:rium]_I PTG fe=3
2. The product of firm B in successive periods is
period 2: 33 =1
period3: Hl —P=vs=3+75
pericd3: Hl - =H=3+%H+&
period 4 Ml — ==+ k+d+
We observe that B's output increases, but at a declining rate. We may write

[Product of B |
in equilibrium |
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Applying the above expression lfor the summation of a declining geometric secies we find
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Thus, the Cournot solution is stable. Each firm supplies one-third of the market, at
a common price which is zero in this example because of costless production. If there
are n firms in the industry, each will provide 1 / (n+1) of the market, and the industry
output will ben / (n+1) =1 / (n+1)*n. Cournot model is criticised on the assumption
of costless production. However, it can be relaxed without impairing the validity of the
model, based on the Reaction Curves approach.

2.2 Reaction Curves approach

The Reaction Curves approach is a more powerful method to analyse oligopolistic mar-
ket because it doesn’t require the assumptions of identical costs, costless production and
identical demands. This approach is based on the Stackelberg’s indifference curve analy-
sis which introduces the concept of isoprofit curves for competing producers.

An isoprofit curve for Firm-A is a string of points showing different levels of output by
Firm-A and its rival Firm-B which yields the same level of profit to Firm-A (see Figure
2a). Similarly, an isoprofit curve for Firm-B is a string of the points showing different

levels of output by Firm-B and its rival which yields the same level of profit to Firm-B
(see Figure 2b).
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(a) Isoprofit graph for Firm-A (b) Isoprofit graph for Firm-B

Figure 2: Isoprofit maps

The properties of isoprofit curves (IP) are:

1. IPs for firms are concave to the axes along which we measure the output of corre-
sponding firm. The Figure 3 shows an isoprofit curve of Firm-A which is concave
to the horizontal axis Q4. This shape shows how Firm-A can react to Firm-B’s
output decisions so as to retain a given level of profit.

Suppose that Firm-B decides to produce the level of output B;. A line parallel
to the horizontal axis through B1 intersects the isoprofit curve I14; at points h
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and ¢g. This shows that Firm-A will earn same profit by producing either A;, or
A, corresponding to points h and g. Assume that Firm-A reacts by producing
higher production A,. If now Firm-B increases its output to B, Firm-A will re-
duce its output, otherwise excess production will reduce market price and hence,
the profit of Firm-A. Thus, Firm-A will reduce its output in response to increase
in the output of Firm-B. This will go on up to a certain point e as shown in Figure 3.

As Firm-A reduces its output, its cost will also change but its net profit , [I=R-C,
will remain at the same level because of market elasticity or decreasing cost arising
from a better utilisation of Firm-A’s plants. Consider point h, if Firm-B decides
to increase its output from B, Firm-A will react by increasing its output as well.
Like before, Firm-A’s profit will remain the same because of market elasticity and
decrease its costs due to better utilisation of its plants.

. Further the isoprofit curve is from the axes, lower is the profit and vice versa. Con-
sider Figure 4, suppose that Firm-B decides to produce B,. Firm-A can react by
increasing or decreasing or keeping its output level at A..

If Firm-A retains its output at a constant while Firm-B increases its output, market
price will fall. As a result, both revenue and profit of Firm-A will decrease if
cost of production does not change. If Firm-A increases its production beyond A,
(Figure 4) while Firm-B increases its output, both revenue and profit of Firm-A
will decrease due to the inelasticity of demand or increasing cost of production. If
Firm-A decreases it’s production below A., its profit will fall because of elasticity
of demand or increasing cost of production. Thus, Firm-A will earn lower levels of
profit, no matter what it’s reaction is, when Firm-B increases its output beyond
B.. Thus, in Figure 4, the isoprofit curve Il 4o represents lower profit than IT ;.

. For Firm-A, the highest points of successive isoprofit curves lie to the left of each
other. Firm-A’s Reaction Curve is shown in Figure 5a. If we join the highest points
of the isoprofit curves we obtain Firm-A’s Reaction Curve. Reaction Curve is de-
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fined as the locus of points representing highest profits that Firm-A can attain,
given the different levels of the output of its rival, Firm-B. It is so called because
it shows reaction of Firm-A to Firm-B’s decision to increase or decrease production.
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Firm-B’s isoprofit curves are concave to the Qg axis. The highest points of the
isoprofit curves of B lie to the right of each preceding curves as we move further
away from the () axis. If we join these highest points, we obtain Firm-B’s Reaction

Curve (see Figure 5b).

Cournot equilibrium is determined by the intersection of Reaction Curves of two
firms (see Figure 6). It is a stable equilibrium, provided that Firm-A’s Reaction
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Clurve is steeper than Firm-B’s Reaction Curve.

\(I A’s reaction curve
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Figure 6

If Firm-A decides to produce Ay, firm B will react by producing By given Cournot
assumption that Firm-A will keep its quantity fixed at A;. However, Firm-A reacts
by producing higher quantity As on the assumption that Firm-B will stay at the
level B;. Now, Firm-B reacts by producing its output at Bs. This adjustment
will continue till the point e is reached. Thus, e is a stable equilibrium but is also
suboptimal. At point e each firm maximises its own profit but the joint profit of
the industry is not maximised (see Figure 7).

EE’ is similar to Fdgeworth’s contract curve which is the locus of the points of
tangency of the two firm’s isoprofit curves. The points on the contract curve are
optimal because points off this curve imply a lower profit for one or both firms, i.e.
less industry profits as compared to points on the curve.
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A's reaction function

B's reaction
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Figure 7: EE’ is Edgeworth’s contract curve



At point a, Firm-A would continue to have same profit II43 while Firm-B have
a higher profit (Ilgy,> Ilp3). Again at any intermediate point between a and b,
namely ¢ both Firms will earn higher profits.

QUESTION: Why would competing firms choose a suboptimal equilibrium e?

ANSWER: The Cournot pattern of firm’s behaviour implies that the firms do not learn
from their past experiences, each expecting the other to remain at a given position.
Cournot duopoly model ends here.

2.3 Stackelberg duopoly model

This model is an extension of Cournot model and was developed by Heinrich von Stackel-
berg in 1939. In this model, it is assumed that one duopolist is sufficiently sophisticated
to recognise that its competitor acts on as per Cournot assumptions. Thus, the wiser
duopolist can determine the Reaction Curve of his rival and incorporate it in his own
profit function, which he then tries to maximise like a monopolist.

Assume that the isoprofit curves and the Reaction functions of the duopolists are
those depicted in Figure 8. If Firm-A is the sophisticated duopolist, it will assume that
it’s rival will act on the basis of its own Reaction Curve. Then it will choose its own
output at a level that maximises its own profit. This is point a in Figure 8 which shows
the lowest possible isoprofit i.e. the highest possible profit Firm-A can earn given Firm-
B’sReaction Curve. Then, Firm-A acting as a monopolist will produce X4, and Firm-B
will react by producing Xp according to its Reaction Curve.

Xg
A's reaction function
Stackelberg's equilibrium
X! b with B the sophisticated leader
8
Cournot equilibrium
Y
e " ——
“1 Stackelberg’s equilibrium
with 4 the sophisticated leader
Xg 3 a
% 8’ reaction
i\ function

0 X X, X,
Figure 8
The sophisticated oligopolist becomes the leader and its rival becomes the follower.

Compared to Cournot equilibrium, Firm-A is better off and its rival Firm-B is worse off
because the former is producing nearer to its axis and the later is producing further from



its own axis. If Firm-B is sophisticated oligopolist, it will choose X% corresponding to
point b on Firm-A’s Reaction Curve. Firm-B will be leader now and Firm-A becomes
follower. Now Firm-B has the higher profit and its rival Firm-A has the lower profit in
comparison to Cournot equilibrium. It means if only one firm is sophisticated, it will
emerge as the leader and since it’s rival is follower, there will be stable equilibrium.

If both are sophisticated, both will want to act as leaders to earn a greater profit. In
this situation, market becomes unstable. There will either be a price war until one of the
firm surrenders and agrees to act as a follower. Or a collusion between the firms may
happen. In this case, both firms will abandon their Reaction functions and move to a
point closer to or on the Edgeworth’s contract curve and both will have higher profit.

Xa

A's reaction function

Cournot point

&’s reaction
Edgeworth’s | function
contract
curve
0 Xa

Figure 9

If the final’ equilibrium lies on the Edgeworth’s contract curve the joint profit of the
industry are maximised (see Figure 9). This model shows that a collusive agreement
becomes advantageous to both duopolists.

Stackelberg’s model ends here.

2.4 Bertrand duopoly model

This model differs from that of Cournot in the assumption that each firm expects that
his rival will keep its price constant, irrespective of its own decision about pricing. Thus,
each firm faces the same market demand. In this model, the Reaction Curves are derived
from isoprofit maps which are convex to the axes and on which prices of the duopolists
are measured.

Each isoprofit curve (see Figure 10a and 10b) for a firm represents the same level of
profit that each firm would accrue from various levels of prices charged by it and its rival.

The shape of isoprofit curve for Firm-A (see Figure 10a) shows that it must lower
it’s price up to the point e to match the reduction of product price of its competitors
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so as to maintain the level of its profit at I14,. However, if Firm-B continues to cut its
prices, Firm-A will be unable to retain its profits, even if it continues to keep unchanged
price at Py.. If Firm-B cuts its price at Pg, Firm-A will be in the lower isoprofit curve
I145 which indicates lower profits. The reduction of profits of Firm-A is due to the fall
in price, and the increase in output beyond the optimum level of utilisation of the plants
which, in turn, increases costs. Thus, lower the isoprofit, lower is the level of profits. The
Reaction Curves of Firm-B can be derived in a similar way.
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For any price charged by Firm-B there will be a unique price of Firm-A which max-
imises the latter’s profit. This unique profit-maximising price is determined at the lowest
point on the highest attainable isoprofit curve of Firm-A. The lowest point of the isoprofit
curves lie to the right of each other because as Firm-A moves to a higher level of profit, it
gains some of the customers of Firm-B when the latter increases its price, even if Firm-A
also raises it’s price. If we join the lowest points of the successive isoprofit curves we
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obtain the Reaction Curve of Firm-A.

Bertrand duopoly model leads to a stable equilibrium at e (see Figure 11). It is stable
because any departure from it, sets in motion forces which will lead back to point e where
the price charged by Firm-A and Firm-B are P, and Pg.. It will be stable if Firm-A’s
Reaction function is steeper than that of Firm-B. If Firm-A charges a lower price Py,
then Firm-B will charge Pgy . Firm-A will react to this decision of its rival by charging
a higher price, Psy. Firm-B will react by increasing its price and so on, until point e
is reached, when the market will be in equilibrium. Similarly, if Firm-A charges price
higher than P4., competitive price cut takes place till equilibrium e is reached.

2.5 Sweezy’s kinked demand curve model

P. Sweezy published an article in which he introduced the kinked demand curve as a tool
for the determination of equilibrium in the oligopolist of markets. The demand curve of
an oligopolist has a kink (point F in Figure 12) reflecting its behavioural pattern.
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Figure 12

The upper section of the kinked demand curve has a high price elasticity than the
lower part. Due to the kink in demand curve of oligopolist, its MR curve is discontinuous
at the level of output corresponding to the kink. MR has two segments, dA corresponds
to the upper part of the demand curve and the segment starting from B corresponds to
the lower part of the kinked demand curve. The equilibrium for any firm is defined by
the position of kink since at any point on the left of the kink MC' is below MR, while to
the right of the kink MC' is larger than MR.

Thus, total profit is maximised at the point of kink. Here, equilibrium is not ensured
by the intersection of MC' and MR curves. In fact, MC passes through the disconnected
segment AB. Although marginalistic calculation is behind ’kink-equilibrium’, the kink de-
mand curve is a manifestation of the breakdown of basic marginalistic rule (MC=MR).
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The discontinuity of MR curve implies that there is a range within which a cost may
change without affecting the equilibrium price and quantity. Thus, the kink can explain
why price and output will not change despite changes in cost. Greater the difference of
elasticities of the upper and lower parts of the kinked demand curve, wider the disconti-
nuity in MR curve and wider the range of cost condition compatible with the equilibrium
price and output. In an exceptional case, rise in cost is associated with the rise in price,
for example, imposition of sales tax. It affects all firms equally. In that case, the point of
kink shifts upward to the left, and equilibrium is established at a higher price and lower
output (see Figure 13).

P
c

Figure 13

The independently running firms may move closer to a point of joint profit maximisa-
tion. In case of kinked demand curve, shift of market demands in upwards or downwards
directions will affect the volume of output but not the level of price, so long as the cost
curve passes through the range of discontinuity of the new MR curve (see Figure 14).
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Figure 14

Here ends Sweezy’s kinked demand curve model.
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3 Game Theory

Von Neumann and Morgenstern demonstrated the relevance of game theory in description
of economic behaviour. A game involves situation where activities of one player affect
the welfare, profits, sales etc. of another player and vice versa. Such games are either
cooperative or non-cooperative.

A cooperative game indicates that collusion between the two or more players will be
mutually beneficial. Non-co-operative games indicate that a game can be played by one
player to his own best interest. The benefits received from playing a game are called
) )
pay-offs’.

Actually games, co-operative or non-coperative, reflects oligopoly where individual
firms may gain by adopting particular conflict strategies or all firms can gain mutually
by adopting co-operative strategies. The game theories have cast light on some oligopoly
problems. It’s main achievement has been to restate the oligopoly theory in a somewhat
attractive way.

Consider two person situation i.e. duopoly. We assume that the conflict between
duopolists is about shares of the market. If Firm-A increases its share, Firm-B must
reduce its share. A game in which Firm-A’s gain are Firm-B’s loss is called a zero sum
game. As a result, zero-sum game contains no incentive for co-operation between two
duopolists. Such game is called non-cooperative game.

Each firm is assumed to adopt strategies, viz. packaging, advertising, pricing policy
and others to increase market share. We denote these strategies for Firm-A and Firm-B
as Al, A2, A3 and B1, B2, B3. These strategies are shown in Figure 15.

8's Strotegies

V
/ / gl g2 83
7
A 50 30 10
Aa's
Strategies
A2 60 20 40
43 90 80 30
Figure 15

Cells in the table are filled with numbers indicating the pay-off to Firm-A. Firm-Bs
pay-off can be found by deducting Firm-As pay-off from the total available pay-off (in
this case, size of the total market). Thus, if Firm-A selects strategy A3 and Firm-B
selects strategy B1, Firm-As pay-off will be 9 units. Here, we are assuming it as 90% of
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market share. Then, Firm-B will secure 100% - 90% = 10% market share. This table is
called pay-off matrix.

If we assume that Firm-A and Firm-B knows the relevant pay-off, we can consider
which strategy each player will choose. If Firm-A chooses strategy A3, Firm-B will choose
strategy B3 which will give it highest market share from cooperation, 100% - 30% = 70%.
This is a non-zero-sum game. Similarly, A1 will be countered by B3 and A2 is countered
by B2.

The gains from cooperation is a non-zero-sum gain shown in Figure 16.

B's Strategies

e | =

' 3.5 0.6
A's
Strategies
42 6,0 l,2
Figure 16

Here, we assume that there are only two strategies for Firm-A and Firm-B. A1 and
B1 means the first strategies of Firm-A and Firm-B. The combination of strategies of A1l
and B1 yields a return of 3 to Firm-A and a return of 5 to Firm-B. It is not a zero-sum
game because reward total in cells are not same. Now, Firm-A will select A2 since it will
yield itself 6 if Firm-B selects B1 and 1 if Firm-B selects B2. This is better than the
outcome if Firm-A selects Al.

Firm-B selects B2 because it promises maximum gain whatever strategy Firm-A se-
lects. Hence, acting independently, the players choose A2 and B2 with combined gains
of 3 units. But this is not a satisfactory solution from any point of view. Al, Bl gives
maximum joint gains (8) compared to A2, B2. By moving from A2, B2 to A1, B1, Firm-A
will gain 2 units and Firm-B will gain 3 units. To induce Firm-A to move to Al, Firm-B
may have to offer a little more than the 2 units gain to Firm-A, even though Firm-A
starts with a lower total. Firm-A may argue that it is unfair if the move secures 2 units
for him but 3 units for Firm-B. It is still to Firm-Bs advantage to offer Firm-A bribe in
addition to Firm-As automatic gains. If he gives him one-half of one unit, the result will
be A =3 + (1/2) and B = 4 + (1/2). The precise outcome will depend on bargaining
strength and the type of rule adopted (equal gains, parity in the final total, improvement
of relative position of one party to another and so on).
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4 Collusive Oligopoly

The uncertainty in oligopolistic interdependence can be avoided if oligopolists come into
collusive agreements. There are two main types of collusion: cartels and price leadership.
These are secret agreements because open collusive action is illegal in most countries.

4.1 Cartels

There are two types of cartels:
1. Cartel aiming at joint-profit maximisation

2. Cartel aiming at sharing the market

4.1.1 Cartel aiming at joint-profit maximisation

Cartel implies direct (secret) agreements among the competing oligopolists to reduce the
uncertainty arising from their mutual interdependence. In first type, the aim of cartel is
maximisation of the industry profit. This situation is identical to that of a multi-plant
monopolist who seeks the maximisation of its profit. We assume that all firms are pro-
ducing homogeneous product. The firms appoint a central agency to decide the total
quantity and price which maximises group profits. It also decides the allocation of total
production and maximum joint profit among the participating oligopolists. This central
agency knows the costs of each firm, market demand curve and the corresponding MR
curve.

O
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Figure 17

We assume that there are only two firms in the cartel. The market MC' curve is
derived from the horizontal summation of the MC' curves of individual firms shown in
Figures 17a, 17b and ??. The central agency, like multi-plant monopolist, will set the
price at the intersection of industry MR and MC curves (point e in Figure 17c). The
total output isX and it will be sold at price, P. Now the central agency allocates the

15



production among Firm-A and Firm-B, by equating the MR to individual MCs. Thus,
Firm-A will produce X; and Firm-B will produce X5. The figures show that firm at
lower cost produces a larger amount of output. The total profit is the sum of profits from
output of the two firms.

The figures show joint profit maximisation theoretically. Practically there are many
factors for which joint-profit maximisation may not be possible, such as:

1.

In most cases, elasticity of market demand is underestimated. Each firm believes
that the elasticity of its own demand curve is high due to the existence of perfect
substitutes made by competitor, while the industry output is much less elastic.

The estimation of market MC may involve mistake due to incomplete knowledge
of the individual MC' curves.

Cartel agreements may take a long time to negotiate due to difference in size, costs,
and markets of the individual firms.

Due to the stickiness of negotiated price, its level remains unchanged even if market
conditions are changing.

Some firms may attempt to reduce price, to expand their sell before the final agree-
ment.

The existence of high-cost firm which is higher than the equilibrium MC; will have
to close if equilibrium is to be achieved (Figure 18).

MC,

MR

Firm A4 Firm B Firm C Industry

Figure 18
There is fear of government interference which may discourage cartel members to
charge profit maximising price.
Due to fear of entry of other firms, cartel may not charge profit maximising price.

Even if firms adhere to the price defined by the central agency, they usually keep
their freedom in deciding the style of their output and their selling activities which
leads to increase cost and decrease monopoly profits.

16



4.1.2 Cartel aiming at sharing the market

There are two basic methods of sharing the market: non-price competition and determi-
nation of quotas.

Non-price competition: In this form of cartel, member firms agree on a common
price, at which they can sell any quantity demanded. The price is set by bargaining. The
low-cost firms bargain for a lower price where as high-cost firms for a higher price. The
agreed price must be such as to allow some profits to all members. The firms are free to
vary the quality, appearance of their product, advertising and other selling policies so as
to attain a higher share of the market.

If all firms have the same costs, the price will be agreed at the monopoly level. With
cost differences the cartel will be unstable, because the low-cost firms will have a strong
incentive to break away from the cartel openly and charge a lower price or cheat the other
members by secret price concessions to the buyers. Then others may split away from the
cartel, and a price war and instability may develop until the fittest low-cost firms survive.
Another possibility is that the members of cartel in conjunction may decide to start a
price war until the cheated firm is driven out of business.

1

Firm B Industry

Figure 19

In Figure 19, Firm-B has lower costs than Firm-A. Hence, Firm-B will have the in-
centive to cut the price below monopoly level, thus driving the high-cost competitor,
Firm-A, out of business.

Even with the same cost structure, these cartels are unstable because if one firm splits
away and charges a slightly lower price than the monopoly price Py, while the others
remain in the cartel, the splitting firm will attract a considerable number of customers
from the others. Then all firms will have the same incentive to leave the cartel. This is
how cartels become unstable unless supported by a tight legislation.
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Sharing of the market by agreement on quotas: The second method for sharing
a market is by agreement on quotas, i.e. an agreement on the quantity that each member
may sell at an agreed price. If all firms have identical cost, the monopoly solution will
emerge, with the market being shared equally by member firms.

P P P
C c
MC =MC, +MC;
D=0+ D,
xy % MA
4] Xy Xy O Xz X, 0 X X

Figure 20

In Figure 20, the monopoly price is Py, and quota that will be agreed upon are X;
= Xy =1/2X),,. If the costs are different, quotas and shares of the market will differ.
Allocation of quota-shares on the basis of costs is also unstable. Shares in the case of cost
differentials are decided by bargaining. During the bargaining process two main criteria
are most often adopted, (a) past levels of sales and (b) productive capacity. Another
popular method of sharing the market is by defining regions in which each firm will be
allowed to sell. In such case of geographical sharing of a market, the price as well as
the style of product may differ. This type of cartel may be unstable because agreements
among the firms are often violated by the low-cost firms who always have the incentive to
expand their output by selling at a lower price either openly or by secret price concessions
or through advertising.

Cartel models of collusive oligopoly are closed models. If entry is free, the instability
of cartel increases. If the profits of the cartel members are high and attract new firms
in the industry, the newcomer will have a strong incentive not to join the cartel. This is
because by not joining the cartel, his demand curve will be more elastic, and by charging
a slightly lower price than the cartel, he can secure a considerable share in the market,
provided cartel members stick to their agreement.

4.2 Price Leadership

Another form of collusion is price leadership. Here, one firm sets the price and the oth-
ers follow it either because it is advantageous to them or because they prefer to avoid
uncertainty about their competitors reactions. Price leadership may be practised either
by implicit agreement or informally since open collusive agreements are illegal in most
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countries.

Price leadership is more widespread than cartels, because it allows the members com-
plete freedom regarding their product and selling activities. If the product is homogeneous
and the firms are highly concentrated in a location, the price will be identical. However,
if the product is differentiated, prices will differ, but the direction of their change will be
the same.

There are various forms of price leadership. The most common types of leadership
are:

1. Price leadership by a low-cost firm

2. Price leadership by a large dominant firm

4.2.1 Model of low-cost firm as a price leader

Consider a duopoly market, with two firms which produce a homogeneous product at
different costs. The firms may have equal markets or they may come to an agreement
to share the market equally (Figure 21a) or they may have unequal markets (Figure 21b).
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(a) Low-cost price leader firms with equal mar- (b) Low-cost price leader firms with unequal
ket shares market shares
Figure 21

The firm with lower cost will charge a lower price P4 and this price will be followed
by the high-cost firm, although at this price Firm-B (the follower) does not maximise
its profit. The follower will obtain a higher profit by producing a lower output Xge and
selling it at a higher price Pg. However, it prefers to follow the leader, sacrificing some
of its profit to avoid a price war. This implies that the follower must supply a quantity
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(OXp in Figure 21b or OX;=0X5 in Figure 21a) that is sufficient to maintain the price
set by the leader.

Although the price-leadership model states that the leader sets a price and the follower
adopts it, the firms must enter a share of the market agreement, formally or informally. If
this agreement is not made, the follower could adopt the price of the leader but produce
a lower quantity than the level required to maintain the leader determined price in the
market. In this way, the follower can push the leader into non-profit maximising position.

4.2.2 Model of dominant firm as a price leader

In this model, it is assumed that there is a large dominant firm which has a considerable
share of the market and some smaller firms having small market share each. The market
demand (DD in Figure 22a) is assumed to be known to the dominant firm.

P
c

small firms'
suppl

Figure 22

It is also assumed that the dominant leader knows about the MC' curves of the smaller
firms, which he can add horizontally to get the total supply by the small firms at each
price or he has a fair estimation of this supply from its past experience.

At each price, the large firm is able to supply the part of total market demand which
is not supplied by the smaller firms. In Figure 22a, at each price, the demand for the
product of the leader is the difference between total D and the total supply S;. At price
Py, the demand for the product of the leader is zero. At P, the part P A is supplied by
the small firms and the remaining ADs is supplied by the leader. Below Pj, the market
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demand coincides with the leaders demand curve.

Having derived its demand curve (dy, in Figure 22b) and given its M C' curve the dom-
inant firm will set the price P at which its M R=MC and its output is Ox. At price P,
the total market demand is PC' and the part PB is supplied by the small firms followers
while quantity BC'=O0z is supplied by the leader.

As small firms are price takers they may or may not maximise their profit. It is as-
sumed that the small firms can not sell more than the quantity denoted by S;. However,
if the leader is to maximise its profit, it must ensure that the small firms will not only
follow its price, but that they will also produce the right quantity (PB, at price P). Thus,
if there is no tight sharing-the-market agreement, the small firms may produce less output
than PB and thus force the leader to a non-maximising position.

The price-leadership model will lead to a stable equilibrium if the leader has the power
to make the other firms in the industry follow his price increase or price decrease, pro-
vided that there is some agreement for sharing the market. In order to have the power
to impose its price, the leader must be both a low-cost and a large firm. If a firm has
low costs but is very small compared to the leader, it may not find it possible to survive
a price, or advertising or product design war that the dominant firm may start. On the
other hand, if the dominant firm looses its cost advantage, it will also lose its power
to impose a price increase, since the smaller firms having lower costs, will normally not
follow it in price increases.
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5 Appendices

5.A

Mathematical derivation of the reaction curves: A mathe-
matical version of Cournot model

Assume that the market demand facing the duopolists is
X =g+ b*P
or
P=a+bX b<0
Giventhat X = X, + X,
L
0x, déX,

and the MRs of the duopolists need not be the same. Actually if the duopolists are of unequal
size the one with the larger output will have the smaller MR.

Proof: R; = pX;
p=a+bX, +X,;)=f(X,.X;)
Thus
IR, aP
x =7,
But
O e
0X, dX, éX
Therefore
2—2=P+X;2—;=P+{Xi){b}

Given that P > 0 while b < 0, it is clear that the larger X, is, the smaller the MR will be.
The two duopolists have different costs

Ci = fi(X;) and C;= fi(X,)

The first duopolist maximises his profit by assuming X, constant, irrespective of his own
decisions, while the second duopolist maximises his profit by assuming that X, will remain
constant,
The first-order condition for maximum profits of each duopolist is
M, 4R, ac,

X, a0,

©.1)
of, @R, &C,
6X, 0X, &X,
Rearranging we have
oR, @C,
ax, &xX,
9.2
dR, 9C, (e
X, oX,
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Solving the first equation of (9.2 for X, we obtain X, asa function of X';, that is, we obtain the
reaclion curve of firm A, [t expresses the output which 4 must produce in order to maximise his
profit for any given amount X'; of his rival,

Solving the second equation of (9.2)for X'; we obtain X ; as a function of X, that is, we obtain
the reaction function of firm B,

Il we solve the two equations simultaneously we obtain the Cournot equilibrium, the values
of X, and X, which satisfy both equations; this is the point of intersection of the two reaction
Curves.

The second-order condition For equilibrium requires that

PN, PR, PG

w 0 (=12
a0 =13

ot
&R, u 8¢,
gxt = ax?
Each duopolists MR must be increasing less rapidly than his MC, that is, the MC must cut the
MR from below, fer both duopolists.
A numerical example
Assume that the market demand and the costs of the duapolists are
P =100 - 05(X, + X,)

C, =5X,
The profits of the duopolists are
@) M, = PX, = C, = [100 = 05(X, + X )]X, - 5X,
or

1, = 100X, ~ 0.5X] - 05X, X, - 5X,
{b) I, = PX, — C, = [100 — 05(X, + X)X, — 05X
ar
I, = 100X, = 0:5X% - 05X X, - 0.5X%
Collecting terms we have
I, = 95X, — 05X} — 05X, X,
and
MN; = 100X, — X3 - 05X ,X,

For profit maximisation under the Cournot assumplion we have

B,
=0=%95—-X, — 05X
a;{'l ! 2
8Tl
=0=100 - 2%, —
5%, , — 05X,

The reaction functions are

X! =95—"G'5X3
X, = 50 — 025X,
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The graphical solution of Cournot’s model is found by the intersection of the two reaction
curves which are plotted in figure 9.10.

Xz
190 A's raaction function
1@ - m{ﬂ:n'.is
= | S— 2 equiliorium B's rgom!un
Wp=———== Y fungtion
0 80 200 Xy
Figure 9.10

Mathematically the sclution of systemn (9.3) yields

X, =95 - 05X,
X, = 50 — 025X,

X, =95 - 0:5(50 — 0-25X,)

or
X, =80
and
X, =50 — 025X, = 50 — (0-25)(80) = 30
Thus total output in the market is
X=X, +X,=120
and the market price
P=100—-05X =45
Mote that
MR, =%=ﬂ§;‘;"=:ﬂ + xlg
MR, =45 + 80(—0-5)
MR, =5
while MR, = 45 + 30{—0-5)
MR, =30

That is, the firm with the larger output has the smaller marginal revenue, The profits of the
duopolists are

n, = PX, — C,
I, = (45)(80) — 5(30) = 3200
and
, =Px, —C,
[, = (45)30} — 0-25(30)* = 900

The second-order condition is satisfied for both duopolists:

ar, &t
Zl_95_ %, — 05X — = 100 — 2X, — 05X
axl i Il axz ¥ 1
&1, &1,

= —1 [h] —_—= =2 0
X3 = e &
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5.B A numerical example of Stackelberg’s model

Assume that in a duopoly market the demand function is
P=100-05X, + X;)
and the duopolists’ costs are
C, =5X, and C, =05X3
The reaction functions are found by taking the partial derivatives of the duopolists’ profit
functions and equating them to zero:
M, =PX, — C, =95X, — 0:5X7 - 05X, X,
M, = PX, — C, = 100X, — XI — 05X, X,
The partial derivatives are

a1,

—_—=05_X — 05X, =
ax, ! 3=
E =100 - 2X 05X, =0
axl - 2 |

The reaction functions are
X, =95 -035X, — A’sreaction curve
X; =50 -~ 025X, - H's reaction curve
(1} Stackelberg's solution with A being the sophisticated leader

Firm A will substitute B's reaction function in its own profit equation, which it will then
maximise as if it were a monopolist:

M, = PX, - C, = 95X, - 05X? - 0:5X X,

Substitute X, = 50— 025X,
Maximise 1, = 70X, — 0-375X?
(@) First-order condition: % =70 -075%, =0
1
This vields output: X, =93
and profit: I, = WX, = 0:375X, = 3267

{h) -The second-order condition for profit maximisation is fulfilled,

Firm B would be the follower. It would assume that 4 would produce 934 units; thus B
substitutes this amount in its reaction function

X, = 50 — 025X, = 263
and its profit would be

M, = 100X, — X; — 05X X, = 1555

{2) Stackelberg’s solution if firm B is the sophisticated duopolist

Firm B will subslitute A's reaction lunction in its own profit function, and it will proceed
to maximise this profit as a monopolist

M, =PX,—C,=100X,- X - 05X X,
Substitute X, = 95 — 0.5X; (Le., A's reaction function)
M, = 525X, — 0.75x2
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{¢) The first-ordet condition for the maximisation of I1; requires
oM sps- 15X, = 0
ax,

which yields output: X,=135
and profit: M, = 525X, — 0-75X3 = 91875
(d} The second-order condition for the maximisation of I1, is fulfilled.

The follower is now firm A4 which will act on the Cournot assumption; it will assume that the
rival will keep his quantity at X', = 35, and will find its own output by substituting this quantity
in its reaction function.

X, =95 -03X,=715
and its profit is
I, = 95X, - 0-5X1 — 05X, X, = 3003
{3) Stackelberg's disequilibrium

If both entrepreneurs adopt Stackelberg’s sophisticated pattern of behaviour, each will
examine his profits if he acts as a leader and if he acts as a follower, and will adopt the action that
will yield him the preatest profit.

Firm A calculates its profits both as a leader and as a follower:

If A4 is the leader his profits are 3267

If A is the follower his profits are 3003
Clearly firm A will prefer to act as the leader.

Firm B similarly, calculates its profits as a leader and as a follower:

If B is the leader his profits are 918-75

If B acts as the follower his profits are 13530
Thus firm B will also choose to act as the leader.!

With both firms acting in the sophisticated way implied by Sitackelberg’s behavioural
hypothesis both will want to act as leaders. As they attempt to do so they find that their expecta-
tions about the rival are not fulfilled and “warfare’ will start, unless they decide to come to a
collusive agreement.
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5.C A mathematical presentation of the joint profit maximisa-
tion cartel model

The mathematical presentation of the cartel model which aims at joint profit maximisation is
identical to that of the multiplant monopolist. Thus:

Maximise IT=T11, + I,

given
P = fiX)=J(X, +X,)
Cy = filX,)
cz = f:':xz}
We have
II, =R, - G
I, =R, -C,;
Therefore

H=R| +R]_'C1—C;=R—C|_"'C:
and the market marginal revenue is
R _OR oK
ax — ax, ax,

that is, each additional unit will bring the same MR, irrespective of the plant in which it is
produced, since all units of X are sold at the same price P.

The first-order condition for maximisation of the joint profit Il requires the allocation ol
output in such a way that the MC of each firm is the same:

B BR  C, aR  éC,
— T — — — — —_— — e —
aX, 09X 0X, aX _ oX,
o1 R _4C, _ @R _iC
i == R — s e e
8X, 8X X, 8X  ax,
or
MR = MC, = MC,

The second-order condition for maximisation of joint IT requires

#R  3*C, PR _3C,
ixETax: ™ T

that is, the MC of each firm must be increasing faster than the (common) MR of the output o
the cartel as a whole.

These are the same equilibrium conditions as the ones we derived in Chapter 6 for the multiplan
monopolist.
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Numerical Example

Assume that the market demand is
P =100 — 05X)= 100 — 0-5(X, + X) (10.1
and that the two colluding firms have costs given by
C,=5X,, and C,;=05X}
The central agency of the cartel aims at the maximisation of total profit
n=n, +1,
where
IN,=R,-C, and [;=R,-C;
Thus

MN=(R,+R)-C, ~-C;

N=PkMX,+X;)-C,-C,

I = [100 — 05X, + X)X, + X,) = 5X, — 05X,

M =95X, — 100X,= 0:5X% - X2 - X . X, (10.2)

Setting the partial derivatives equal 1o zero we obtain

Il

e R A T
EX. i F3

i |

— =]m—11—211=ﬂ
X 5

Solving for X, and X', we find
X,=% and X,=35
The price is found by substituting in {10.1}
P = 100 = O5(X, + X,) = 525
The joint profit may be obtained by substituting an {10.2}
I1 = 95(90) — 100(3) — O-5(90)* — (3)" — (F0)(5) = 4525
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5.D A numerical example of the price-leadership models

A numerical example of the price-leadership models

. The low-cost price leader

It 1s assumed, for simplicity, that there are only two firms in the industry.
The market demand is defined by the function

Pma—-0X)=a-bX, + X.)
where X, = output of firm 4
X, = output of firm B
The firms have different costs, defined by the lunctions
Cy = filX,)
C: = falX3:)
where Cl L C:.

The leader will be the low-cost firm 4. He assumes that the rival firm will produce an equal
amount of output to his own, that is

With this assumption, the demand function relevant to the leader's decision is
P=ua-2HX,)
The low-cost leader will set the price which maximizes his own profit
,=R,—C, =PX, - C,

or
My =(a-2bX )X, - C,
The first-order condition for the maximisation of IT; requires
o, _ R, _9C, _
3x, &x, &x,
or
oR, 4C,
8X, 8X,
that is, MR = MC.
The second-order condition requires
411,
— =0
axt
ot
#*R, &°C,

ax? =~ axt
that is, the marginal cost must rise faster than the marginal revenue; or the MC must cut the
MR curve [rom below,

The solution of this problem yields the price P and output X, that the leader must produce in
order to maximise his profit. The follower will adopt the same price and will produce (ex hypo-
thesi) an equal amount of output (X, = X,). Given that £, = C,, the follower does not maxi-
mise his profit. He would prefer (under the above assumptions) to produce a lower level of
output and sell it at a higher price.
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A numerical example:

Assume that the market demand is

P =105 — 25X = 105 — 2.5(X, + X3)
The cost functions of the two firms are
Ci — 5X1
C; = 15X,

The leader will be the low-cost firm A: he will set a price which will maximise his own profit
on the assumption that the rival firm will adopt the same price and will produce an equal
amount of output. Thus the demand function relevant to the leader’s decision is

P =105 =23512X,) = 105 - 5X,
and his profit function is
M,=R, - C, =PX, =(105 - 5X,)X, — 5X,
or
n, = 100X, — 5x3
From the first-order condition we have

aIl,
e = 100 = 10X, =0
ax, '
which yields
X,=10
Substituting in the price equation, we find
P =105 - 5X, = 55

The follower will adopt the same price (55) and will produce an equal level of ontput (X, =
10). Note that the profit-maximising output of firm B would be X% = 9 units, and he would seli
it at P* = 60. This solution is found by maximising firm B's profit function

“3 - R: = C: = {"}5 - E.XE}XE — 15}:2

2. Thedominant-firm leader

This model is also called ‘the partial monopoly’ model since the large firm acts as a mono-
polist while the small firms are price-takers and act like the firms in pure competition.

This model is a combination of the theory of pure competition and the theory of monopoly.

{g) The small firms are assumed to accept the prevailing price and adjust their output levels
to maximise profit like a perfectly competitive firm.

(5} The dominant firm knows the MC curves of the small firms. By adding these curves hon-
zontally it obtains the supply curve §, of the small firms as a function of price. Assume

3 =02F

{¢) The dominant firm is assumed to know the market demand
D =50 — 03P
Thus the dominant firm derives its own demand curve as the difference X = D — § at any one
price
X=D-5§
X=50-=03iP-02F
T

P =100 — 2X
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()} The dominant firm maximises its own profit given its total cost function

C=2X
Thus
M=R-C=PX-2X
IT = (100 - 2X)X — 2X = 98X — 2X?
§—2=98—-4I=0
and
X =245

The leader will set the price
P =100 - 2X = 100 — 2(24-5) = 51
At this price the market 1s in equilibrium, The total quantity demanded is
D =50 — 03P = 347
The total demand of 34-7 units of output (at the price 51 set by the leader) is covered by the

leader who produces X = 24-5 units and the small firms who produce the remainder
5, =02P =(2(51) = 102

3. The market-sharing firm leader

In this model the product is homogeneous. The firms agree that they are going to share the
market in constanl proportions:

X X
k,=Y‘ and J.:1=Y2
Given that X = X, 4+ X, we may rewrite the shares
Xy X;
=———n and fk;=—>—
! X|+Xl : X1+X=

Clearly k, + k3 = 1, and hence k; = (1 — k), or k; = ({1 — k;). Thus the reaction functions of
the two firms are

Firm A Firm B
kX, + X;)=4X, ko(X, + Xy) =X,
Xl — k) = kX, X,(l - ki) = ky X,
kX, ky Xy
== X =
T =k T (1 =ky

Assume that the firms agree that firm A will be the leader. Firm A knows its own demand curve
and its own costs:
P, =100-2X, -X,;
C, = 25X}
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The leader will set his price so as to maximise his profit, on the assumption that B will be the
follower and will react according to his reaction function X, = k; X, /(1 — k;), adjusting his
output whenever the leader changes his, so that the shares remain at the agreed constant levels.
Assume that k, = 2and k; = 1. Thus X, = X, /[3(1 — 1)) = 05X,.

The profit function of the leader is

m=R,-C,=PX,—-C,;
M, = (100 — 2X, — X)X, — 2:5X3
Substituting the reaction function of firm B
X, = 05X,
we obtain the profit function of the leader
I, = (100 — 2X, — 05X )X, — 25X% = 100X, — 5X7
For the maximisation of the leader’s profit we have
aIl
a_xi =100 - 10X, =0
X, =10
The leader will set the profit-maximising price

P, =100 — 2X, — X,
= 100 — 2X, — 05X,
=100 — 25X, =75

The leader’s profit is
I, = 100X, = 35X = 1000 — 500 = 500
The quantity which will be produced by the follower is
X, =05X, =35

and he will sell it at the price of the leader P, = 75. Thus in the sharing-market model of leader-
ship the firms agree on the shares and on who will be the leader. The leader maximises his own
profit, by substituting in his profit function the share-reaction curve of the follower, This implies
that the leader sets the quantity that maximises his own profit, on the assumption that the fol-
lower will adjust his own quantity on the basis of the agreed shares.
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