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Abstract

Green and Porter (1984) made a huge contributioimdastrial Organization Theory
where a trigger price is defined by firms and whemehe price falls below this trigger
price, the firms cease to produce at the monopmlglland enter into a punishment
period. Our goal with this paper is to define, eyelmusly in the model, relationships
between the trigger price and the punishment pevibich were set exogenously in the

original paper.
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1. INTRODUCTION

Green and Porter (1984) made a huge contributidndiestrial Organization Theory by
considering a dynamic model in which the firms ofiadustry are confronted with the
problems of detecting and deterring cheating iragreement in a context of imperfect
monitoring. Firms decide the quantity to producel abserve the market price to
imperfectly infer the aggregate production. Thiparfection results from the existence
of uncertainty in the demand of the goods which neayl to lower prices even if the

firms do not overproduce.

In the model presented in Green and Porter (1984#&jgger price is defined by firms
and whenever the price falls below this triggecerithe firms cease to produce at the
monopoly level (or collusion previously defined put) and enter into a punishment
What Green and Porter (1984) suggest is that tistegxce of low prices and higher

production for certain periods of time are consistevith the existence of a
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noncooperative collusion and may not be a resulprafe wars and/or a result of
abortive attempts to form a cartel. It represergatew insight on collusive behavior.
They defended that public intervention may be negliin order to increase

competition.

In Green and Porter (1984) model, both the triggeze and the punishment period T
are exogenous. In our point of view, there wouldjbms by making endogenous these
parameters since then we can see how they depetiek atrategies of the firms. Then,
this represents the objective of this paper, thatioi create combinations of trigger price
and punishment period that are optimal in the pofntiew of firms. In addition, it is
our objective to show that these different combaret may lead to lower or higher

volatility in the markets in analysis.

A similar exercise to ours was made in Tirole (1)988ere it is tried to find a optimal

value for the punishment period. However, Tirol®88) has different assumptions
specially regarding competition which is made oitg® instead of quantities like in
Green and Porter (1984) and on the demand whiclriggwo possible outcomes each
period. In addition, Tirole (1988) follows a difeart approach. In the paper’'s model, it
is determined the optimal punishment period witheaperiod analysis instead of pre-
game implicit contract as in our case (for a widerification see note 2). This yields

different results as one can see point 3.
2. THE MODEL

When we consider different combinations of T andwe are implicitly changing the

relationship between the expected long run praofitsle colluding and the expected
long run profits when producing the Cournot levdir instance, if the time in

reversionary phase is longer, that is if T is hrghiee total long-run profits in Cournot
increases, ceteris paribus. In a given periodnoé tithe total profits in collusion will be

the product of the collusion profits in each perimthes the number of periods it
occurs. The same occurs for the Cournot case but theoteg number of periods we
are in Cournot once we enter in the reversionaripgas given and is T-1 in Green and
Porter (1984).

'No discounting considered for simplicity.



From the definition of the trigger price and thenfslhment period results a proportion
of long-run profits in collusion relatively to loagin profits in Cournot (given by K in
the equation below). Naturally, firms would like t@ave this proportion as big as
possible if they stay in collusion since they eaxore profits. In order to maximize this
proportion, given the profit levels, this would ilmghanges in the expected number of
periods staying in Cournot and in Collusion. Mopedfically, this would imply a
lower expected number of periods staying in Couarad the opposite in the case of
collusion. However, for a given time-horizon, ingseng the number of periods in
collusion relatively to Cournot would imply lowerelfare and public discontentment.
This means that firms have to face restrictionsrwm@ximizing this proportion of long
run profits like the possibility of changes in habof consumption. In addition, the
public discontentment may lead to government ardipinstitutions pressure and also
the possibility of new entrants. Restrictions tanidy be found in several papers like in
Harrington (2004a, 2004b, 2005). In the first twbe author develops theoretical
models in which pricing in cartels is analyzed whamtitrust authorities exist. In
Harrington (2005), firms face a profit maximizatigorofit problem where they
maximize their present value of income flow whichpdnds on the profits while

colluding, the penalties if caught cheating andptabability of being caught.

More formally:

1_IColluding * E(tcolluding) =K * 1_ICournot * (T - 1) =

_ K+coyrnot*(T—1) 2
= E(tcolluding) - HColluding (1)

Where Il¢ouyaing 1S the profit while producing the amount of thellesive
behaviorE (tcoyuaing Jrepresents the expected number of periods of dofus

eournocCOrresponds to the Cournot Profits and T-1 is émgth of the punishment. K

represents the proportion of the profits.

% In this equation it is not considered an Incentive Compatibility Constraint of keeping in collusion as is
considered in Tirole (1988). One must consider this equality to be an implicit contract between all firms
before entering the market. As a result, all firms have an incentive to accept this kind of contract since it
yields higher profits in the long-run than staying in Cournot. This must not be confused with the decision
taken by each firm in each period regarding deviation or not from the collusive behavior.

* Note, however, that the profits in collusion and in punishment periods are general, that is, they do not
depend on the modelization they are built upon. For example, in the punishment period, instead of
Cournot Profits one may use, for instance, perfect competition prices.
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It is not direct from the formula above the relaship between T ang. However,
E(tcouuaing) depends op and by solving this connection we may find thatiehship

between T ang.

We know from statistics that

1
E(teouuaing) = propircr )

Proof:

E(tcouuding) = 1% Prob(P < P) + 2 % Prob(P > P) * Prob(P < P) +3
* Prob(P > P)? * Prob(P < P) + -+ n * Prob(P > P)* !
* Prob(P < P)

Assuming that the firms are colluding in the fipgriod as is assumed in Green and
Porter (1984) this expected value is built as fefioln the first term of the right-hand
side, the price is below the trigger price so ia tbllowing period, firms enter into the
punishment phase. In the second term, in the giesiod the price is above the trigger
price while in the second one it falls below thigder price implying that the collusion
remains for two periods. Considering this for niges yield the equality above.

Continuing the resolution of the proof:
Prob(P < P) x[1+ 2 x Prob(P > P) + 3 * Prob(P > P)? + -] =

1 Prob(P > P)

= Prob(P < P — + — 4 .-
rob( ) T Prob(P > P) " 1—Prob(P> )

Given thatProb(P > P) = 1 — Prob(P < P)

=1+ Prob(P > P) + Prob(P > P)? + --- =

1 1
~ 1—Prob(P >P) Prob(P < P)

= E(tcolluding)

Like in the Green and Porter (1984), the Demanc:taom is of the type:

P, = 6,P(¥ x;¢) 3)



We make here an additional assumption regardinglistribution. Just for calculus
simplification and easy of interpretation we assuhe 8, has an uniform distribution
like

o~U|9,0] (4)

When settindIcoiuqing it is implicit that all firms follow the collusiveehavior so each

firm produces a constant;4. As a result, the total economy productidny;, is
constant. Moreover the functid?(.) does not change with time so we using equations
(3) and (4) can state that:

Py nl — Pmin  Pmax
P(Xxit) U[Q' 9] =U [P(in) ’ P(in)] (5)
Additionally from (2):
1 1
Prob(P<P) = E(tcolluding) < Prob(1<p/P) = E(tcolluding) (6)

Using the properties of the uniform distributioguation (5) and given th&=P(}. x;):

P Pmin

prop 17/, ) < T2
PEx)  PEx)
Using (6):
Pmax _ Pinin
PEx) PEx)
E(tcolluding) = P Pomin =
PExi)  PEx)
Using (1):
Prmax _ Pmin
K * coyrnot * (T — 1) _ PEx) PEx)
1_IColluding P _ Pmin
PXxi) PRExp)
— Prmax _ Pmin .
p (P(z x) P xi)) *Heomding Py

= P(Z xit) B K * HCournot * (T - 1) * P(Z xi)

* Note that the time subscript is not necessary since the level of production is pre-determined like in
Green and Porter (1984) and all firms are assumed to abide by the contract requisites leading to
unchangable production through time.



Following footnote 4, we are again not taking imtcount the idiosyncrasies of each
period so the time subscript is not required. Tiogether withP (Y x;;) = P(X x;),

leads to:

F _ (Pmax—Pmin)*Hcoliuding P 7
= — + min ( )
K+Icournot*(T—1)

3. CONCLUSION

In order to understand equation (7) is importanhate first that there is an inverse
relationship betweerPand E(tcouudmg). As one can conclude the higher is the

proportion of profits (K), ceteris paribus, the lemis P in order to guarantee that the
expected number of periods while colluding is ggeaGiven that all the remaining
variables are constant, to increase the propomioprofits, each firm has to be in

collusion for a longer period implying a lower gy price.

Additionally, the lower is the ratio of profildc,;yaing /Tcournot » CEtEriS paribus, the

higher has to be? to increase the expected long run profits whilduding. For
instance, if the profits in collusion increases tlumber of periods in collusion must
decrease implying a higher trigger price.

The most important relationship is that the higlseF, ceteris paribus, the lower has to

be P so that our condition holds. The higher is theigiment period the higher has to
be the expected number of periods of colluding realyction would less likely change
from one period to other, meaning that a lowergeigprice is required. This implies
that the volatility on the market regarding pricesl quantities would depend on the
definition of the combination of trigger price aid In the particular case considered,

with higher punishment period, the volatility wowddcrease ceteris paribus.

These results differ from Tirole (1988) where iblgtained an incentive incompatibility
constraint. Thisis used as constraint to the maeation of the present discounted value
of a firm’s profits from period t on, leading toetltonclusion that the punishment period
should be as low as possible. This conclusion te$idm the fact that, the longer is the
punishment period the lower are the expected grofis one can see, this differs from
our results. In our case, however, a low punishmenibd would lead to higher market

volatility and no gains in profits.
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