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}Recall the Davidson and Deneckere argument:
ƁWhen firms run out of stock, it is not always the consumers 

with the lowest valuations who are left without the good.
ƁThis reduces the cost of being the higher priced firm, in 

terms of lost demand.
ƁAs a result, in the first period firms will be prepared to 

invest more in capacity.
ƁSo quantity ends up above the Cournot quantity (and profits 

end up below).

}But what if firms can collude?

}Collusion will tend to result in higher profits than 
under Cournot .



}Collusion

}Why collude ?
ƁExamples and types.

}Sustaining collusion in dynamic oligopoly.

}When is collusion easier?



} Under Cournot or Bertrand competition, the price is always 
below the monopoly one (and quantity is higher).
ƁSince a monopolist could choose either the Cournot or Bertrand 

price if they really wanted, aggregate industry profits must be 
lower under Cournot or Bertrand.
ƁSo by agreeing to collude on a high price, all firms may increase 

their profits.

}The òbusiness stealing effectó underlying oligopoly 
competition drives this.
ƁA firm that increases its quantity does not internalise the negative 

impact it will have on the profits of other firms.
ƁThis externality means that (relative to the goal of maximising 

industry profits) firms will produce too much.
ƁA bit like a òprisonerõs dilemmaó. There is a Pareto- dominant 

outcome (featuring collusion), that cannot be sustained as an 
equilibrium.



}Open agreements. (Analysed in OZ 5.4)
ƁE.g. the OPEC cartel.
ƁGenerally just maximise joint profits, i.e. the cartel acts 

as if it was one firm not several.
ƁIllegal in most developed countries.

}Secret agreements.
ƁE.g. between Sotherbyõsand Christieõs in the 90õs.
¶CEOõs of the two companies met in secret, and agreed on 

common commission charges. (Also shared client lists and 
removed the possibility of negotiating rates.)
¶Eventually Christieõs came forward with information, leading 

to a $65 million fine of Sotherbyõs(combined US and EU), 
and a $7.5 million fine for the CEO of Sotherbyõsalong with 
one year in jail. The two auction houses also paid customers 
over $0.5 billion in compensation.



}Secret agreements (continued).
ƁOr the Vitamin cartel of the 90õs (Hoffman- LaRoche, 

BASF, Aventis, Solvay, Merck, etc.)

¶Regular exchange of sales data, price fixing.

¶Eventually prosecuted, $0.5 billion fine for Hoffman - LaRoche
in the US and $225m for BASF, plus additional fines in the 
EU. Prison time and personal fines for the executives.

}Tacit agreements.
ƁWhat we shall mostly focus on.

ƁE.g. the fact that almost all shops selling Sony TVõs 
charge the same price (well above MC).



}If my rival is selling vitamin C pills at £1 per 
100 pills, no matter what informal agreement 
we might have in place, I will always be 
tempted to start selling them at 99p per 100.

}To sustain collusion then, my rival needs to 
be able to punish me for undercutting them.
ƁE.g. by pricing at marginal cost for a prolonged 

period.

ƁCollusion is thus always a dynamic phenomenon.



} Is having a finite number of sales periods enough to sustain ὖ
ὓὅ?

} Consider any game with a unique Nash equilibrium (e.g. 
Prisonerõs Dilemma, Cournot , Bertrand, etc.), and imagine it is to 
be played Ὕtimes in succession, with final payoffs given by a 
(discounted) sum of payoffs from each periodõs game.
ƁTo find the SPNE, as usual we start at the final period and work backwards.
ƁThe final period is just the stage - game, so all players will play the Nash 

equilibrium of the stage - game.
ƁGiven everyone is playing the Nash equilibrium in the stage - game in the 

final period (independent of the history up to there), in the penultimate 
period everyone will also play the Nash equilibrium of the stage - game.

ƁEtc.

} Thus finitely repeated symmetric marginal cost Bertrand 
competition results in ὖ ὓὅin each period.



} Infinitely many periods, indexed by ὸ πȟρȟςȟȣ.
}ὲfirms, each with constant marginal cost ὧ.

} Market demand curve ὗὴ, finite monopoly profits “ , 
corresponding to a price ὴ .
ƁA monopolist would maximise ὗὴ ὴ ὧ, meaning π
ὗ ὴ ὴ ὧ ὗὴ .

} Each firm Ὥɴ ρȟȣὲ simultaneously sets its price ὴȟeach 
period ὸ, to maximise the discounted sum of their present 
and future profits:

“ȟ “ȟ “ȟ “ȟ Ễ

where “ȟ is firm Ὥõs profits in period ὸ.



}Trivial equilibrium:
Ɓall firms set ὴȟ ὧin each period ὸ.

}Maximum - profit collusive equilibrium:
ƁIn the first period, all firms set ὴȟ ὴ .

ƁIn subsequent periods ὸ, all firms set ὴȟ ὴ
unless they have ever observed another firm setting 
a price other than ὴ , in which case they set ὴȟ ὧ.
ƁThus if a firm ever deviates and sets a price below 

the monopoly one, from then on no firm makes a 
profit.
¶This is a ògrim trigger strategyó.



}A strategy is an SPNE if and only if there is no 
possible history up to a point ὸsuch that 
some player Ὥwould like to deviate from the 
strategy in period ὸonly .

}Proof is omitted.

}Means we do not have to worry about 
complicated multi - period deviations.



}Use one - stage deviation principle to prove 
that the collusive equilibrium is an SPNE:

ƁIf at some point a firm has ever set a price other 
than ὴ , then all firms are pricing at cost, which 
means we are effectively in the trivial equilibrium 
(from which no firm wants to deviate).



}Use one - stage deviation principle to prove that 
the collusive equilibrium is an SPNE:
ƁIf up to now all firms have priced at ὴ , does a firm want 

to deviate?

¶Profits from now on from not deviating are 

 Ễ .

¶Profits from deviating are “ . (The deviating firm sets a price 
just below ὴ , then all firms price at ὧfrom then on.)

¶So the proposed strategy is an SPNE if and only if “ , 

i.e. if and only if ρ ὲρ , which is true if and only if 

, i.e. if and only if firms are sufficiently patient.



}Firms with rational owners will use 

where ὶis the real interest rate for a one 
period bond.

ƁCould be months, years, etc.

ƁDue to arbitrage between shares and bonds.

}The material in the next slide goes a bit 
beyond the textbook, but is still important.



} Now suppose that demand was given by ὗ ὴ ρ Ὣ ὗὴ, so 
if Ὣ πdemand is growing.
ƁA monopolist would maximise ρ Ὣ ὗὴ ὴ ὧ in period ὸ, so the 

monopoly price is constant at ὴ , and monopoly profits are ρ Ὣ “ .

} Also suppose that each period, a firm has a probability of Ὤof 
being hit by a òdeath-shockó which would force it to exit the 
industry. (Assume exiting firms are immediately replaced.)

} Finally suppose that the discount factor was .

} Then the expected profits from setting the monopoly price 
would be: ρ Ὣ ρ Ὤ ρ Ὣ ρ Ὤ Ễ

} Therefore behaviour in this model is the same as behaviour in 
our original model with  ρ Ὣ ρ Ὤ.



}Putting the previous results together, setting the 
monopoly price is an SPNE in this richer model (with 
growing demand and death shocks) if and only if

ρ

ρ ὶ
ρ Ὣ ρ Ὤ

ὲ ρ

ὲ
Ȣ

}So, the likelihood of observing collusion is:
ƁDecreasing in the number of firms.
ƁIncreasing in the speed with which the market is growing.
ƁDecreasing in the probability of a death shock.
ƁDecreasing in real interest rates.



} In a growing market, ὲfixed is implausible.

} Guess that ὲ ὲρ Ὣ . Then the profits from setting the 

monopoly price (in the set up of 2 slides ago) would be: 

ρ Ὣ ρ Ὤ ρ Ὣ ρ Ὤ Ễ.

ƁOur guess is verified as profits are not growing over time, so this is 
consistent with constant entry cost.

} So this model is just like having  ρ Ὤ in our original 
model.
ƁThe ρ Ὣ terms cancel.

} So when there is free entry, growing demand neither makes 
collusion more nor less likely.



} Yes, because of: The Folk Theorem (Fudenburg and Maskin
1986) :
ƁConsider any infinitely - repeated ὲplayer game, with payoffs given 
by the discounted sum of payoffs from each periodõs stage- game.

ƁFor each player Ὥ, let “ᶻbe the lowest payoff that players other 
than Ὥcan force on player Ὥin the stage - game.
¶Everyone else gangs up on Ὥto minimise their payoff.

ƁImagine that all of the players had instructions that told them 
what action they should take in every period.
ƁAnd suppose that under these instructions, player Ὥõs average 

payoff would be ὺ, with ὺ “ᶻ.

ƁThen providing a minor technical condition is satisfied, if players 
are sufficiently patient (i.e. discount factors are sufficiently high), 
there is an SPNE in which player Ὥattain an average payoff off ὺ
(for all Ὥɴ ρȟȣȟὲ).

http://www.eecs.harvard.edu/~parkes/cs286r/spring06/papers/fudmaskin_folk86.pdf


} In symmetric Bertrand competition, the lowest payoff (profit) 
other players (firms) can force on a player is zero.
ƁA firm can always set its price equal to ὧand either sell nothing, or sell at 

cost.

} In symmetric Cournot competition, the lowest payoff (profit) 
other players (firms) can force on a player is also zero, by 
producing the perfect competition quantity.
ƁThe remaining firm can always produce nothing .

} Highest possible profit that a single firm may make is “ , when 
other firms make zero profits.

} Thus for any vector of firm profits “ȟ“ȟȣȟ“ with “ πfor all 
Ὥand “ “ Ễ “ “ :
Ɓ for sufficiently patient firms, there is an SPNE of both repeated Bertrand 

and repeated Cournot in which average profits are given by the vector 
“ȟ“ȟȣȟ“ .


