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Abstract

We study the enforcement of competition policy against collusion under leniency
programs, which give reduced fines to firms that reveal information to the Antitrust
Authority. Leniency programs make enforcement more effective but they may also induce
collusion, since they decrease the expected cost of misbehaviour. We show that in the
optimal policy the former effect dominates, calling for leniency programs when the
Antitrust Authority has limited resources. We also show that these programs should apply to
firms that reveal information even after an investigation is started.
   2002 Elsevier Science B.V. All rights reserved.
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1 . Introduction

The enforcement of competition policy against collusion and price fixing
agreements is one of the main fields of antitrust intervention. In the design of the
policy we find today richer and more complex mechanisms than those based
simply on an increase in fines. Since 1978 the US Antitrust Division of the
Department of Justice has allowed for the possibility of avoiding criminal
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sanctions if specific conditions occurred. In 1993 this policy was redesigned in the
Corporate Leniency Policy, which establishes that criminal sanctions can be
avoided in two cases: either if a colluding firm reveals information before an
investigation is opened, as it was in the previous regime, or if the Division has not

1yet been able to prove collusion when a firm decides to cooperate. The new
leniency policy has shown in the first years of application a significant success in
terms of the number of cases that the Division has been able to open and
successfully conclude.

The European Union introduced in 1996 a new regulation in which more
generous fine reductions can be given to firms which cooperate with the antitrust
authority before an inquiry is opened, by providing evidence of a collusive
agreement in which they have been involved, while limited reductions can be

2granted if cooperation occurs after the opening of a case.
Although it is too early to evaluate the effects of this new policy, this paper

argues that—as also the US experience suggests—this leniency program might
lead to more effective enforcement against cartels. However, our analysis also
indicates that the design of a leniency program might be improved by extending it
to cover situations where firms reveal information even after an investigation has
started.

More generally, the objective of this paper is to investigate the deterrence
(abstain from collusion) and desistence (comply with the authority for a certain

3 4period if found guilty) properties of a leniency program in antitrust cases. The
Antitrust Authority is motivated by the maximization of social welfare and aims at
minimising the occurrence of collusion among firms by committing on a set of
policy parameters which includes full and (possibly) reduced fines and on an
allocation of internal resources that determines the probability that a cartel is
reviewed and the probability that it is found guilty. After observing the Antitrust
Authority’s decisions, firms play an infinitely repeated game where they decide
first whether they want to deviate or collude, and then whether they want to reveal
information about the cartel to the Authority or not. In particular, we consider two

1Some additional restrictions on the firms entitled to benefit from this regime are introduced, as the
fact that only the first can be given a fine reduction, and that it must be a junior partner in the cartel.

2See European Union (1996). To be more precise, a 75–100% reduction in fines can be given if
firms reveal information before an inquiry is opened; a lower reduction (50–75%) can be granted if
cooperation occurs after an investigation has started,but that investigation has failed to provide
sufficient grounds for initiating a procedure leading to a decision; a 10–50% reduction in fines can be
given for partial cooperation, such as providing additional evidence or not contesting the facts on which
the Commission bases its allegations. Notice that while in the US the regime applies to criminal
sanctions (which include both fines and incarceration), in the EU reductions are referred only to
monetary fines. Criminal sanctions do not exist under EU competition law.

3 In this paper we use the term leniency programs to refer to a reduction in monetary fines.
4Since our work, other papers on the use of leniency programs in antitrust have been written. See

Rey (2000) for an excellent survey.
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possible collusive strategies. One prescribes firmsnever to reveal (if one firm
revealed, it would trigger Nash reversal forever) and to go back to collusion after a
possible condemnation, the other requires firmsto reveal to the Authority as soon
as an investigation review is opened, and to go back to collusion after the
procedure is closed.

In this setting we show that a leniency program might have two possible effects,
depending on the policy parameters chosen. The positive effect is that it might lead
firms to desist ex-post from colluding more frequently. If it convinces firms to
reveal information whenever an investigation is opened, society will benefit not
only because of a (temporary) cessation of collusive pricing, but also because
investigations are shorter (information received by firms brings about the
punishment with certainty and allows to avoid the costly prosecution stage of the
investigation opening sooner new cases). But the leniency program might also give
rise to a perverse effect. Since it allows colluding firms to pay reduced fines, it
may have ex-ante a pro-collusive effect, given that it decreases the expected cost
of anticompetitive behaviour. A priori, therefore, it would be difficult to conclude
that a leniency program unambiguously increases welfare, without considering
which policies are implementable and desirable.

Our analysis of the optimal enforcement policies shows that, if the Antitrust
Authority has limited resources, and is therefore unable to prevent collusion
ex-ante, the use of leniency programs improves welfare, by sharply increasing the
probability of interrupting collusive practices and by shortening the investigations.
Hence, in a second best perspective, fine reductions may be desirable because they
allow to better implement ex-post desistence from collusion and put saved

5resources to new cases.
The key mechanism of leniency programs is the rule that allows firms to receive

fine reductions even after an investigation is opened. In this situation, the
probability of paying the fine increases compared with the case where firms are not
yet under scrutiny, and the exchange of reduced fines with cooperation becomes
attractive. Conversely, we prove that limiting eligibility to the case where the
inquiry has not yet been opened completely eliminates, at least in the setting of our
model, the incentive to reveal and the effectiveness of the program.

The enforcement problem we study has several ingredients. We analyze the
design of self-reporting incentives, having a group of (and not a single) defendants
and considering ongoing (and not single episode) infringements and benefits. This
paper is therefore related to several strands of literature that have often considered
some of these features separately. The closest to our work are perhaps the studies
on optimal enforcement under self-reporting schemes. Malik (1993) and Kaplow
and Shavell (1994) are probably the first to have identified the potential benefits of

5But if resources are very scarce, the Authority is not able to credibly prove firms guilty with a
probability sufficiently high to induce revelation, and leniency programs become ineffective.
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6schemes which elicit self-reporting by violators. Self-reporting may reduce
7enforcement costs and improve risk-sharing, as risk-averse self-reporting in-

dividuals face a certain penalty rather than the stochastic penalty faced by
8non-reporting violators (who pay only if caught). There are two main differences

between these papers and ours. First, they consider individual violators, rather than
a group of violators like our colluding firms, which requires us to analyse in a
game theoretic setting the conditions for self-reporting. Second, they deal with an
illegal action which is taken and gives benefits only once, whereas we analyse
ongoing infringements and benefits. These two elements explain why—unlike the
earlier papers on self-reporting—an optimal programme might be one which gives
generous penalty discounts in case of collaboration with the Antitrust Authority. A
similar result can be found in Livernois and McKenna (1999), where a repeated
game is played between the regulator and a polluting firm, and where by
self-reporting a firm will return to compliance, which decreases future profits.

Another strand of literature related to our paper is that on plea-bargaining,
where an individual is given the option to plead guilty in exchange for a less harsh
penalty rather than waiting for a court decision. Landes (1971) has showed that
this allows to save the prosecution costs (a motive which appears in our paper as
well), while Grossman and Katz (1983) have identified the possible beneficial

9 10insurance and screening effects of settlements. In the plea bargaining literature
the enforcer balances the goal of condemning the guilty agents and not condemn-
ing the innocent ones with the minimisation of resources devoted to enforcement.
However, the issue of deterrence is generally not addressed: agents have (possibly)
already committed a crime, and in most papers, whether the agent is innocent or
guilty and how strong is the evidence against him (agent’s type) is exogenous. The
effects of the legal procedures on preventing the crime (collusion) or making it
cease are instead at the centre of our analysis. In order to focus on deterrence, we
make the simplifying assumption that there are no judicial type-I errors (innocents
will never be found guilty) and that firms are symmetric (either they are all guilty

6A recent paper in this field is Innes (1999), who considers an extension of the environmental
self-reporting schemes.

7 In Malik (1993), who applies self-reporting to environmental violations, self-reporting decreases
auditing costs but increases penalty costs. It is the relative importance of the auditing and punishment
technologies which determine the desirability of the scheme. Kaplow and Shavell (1994) also note that
if the imposition of penalties occurs more frequently under self-reporting, administration costs may
increase.

8See also Arlen and Kraakman (1997) who analyse the effects of different corporate liability
regimes, and the incentive schemes for corporations to monitor and report wrongdoings of their
employees. At the other extreme, Tokar (2000) analyses whistleblowing of employees, who under the
US False Claims Act are given monetary incentives to file cases against employers which defraud the
US Government.

9But if innocent defendants are more risk-averse than guilty defendants, the former might plead
guilty even if they are not.

10See also Reinganum (1998) for a plea bargaining model with asymmetric information.
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or they all innocent). Consequently, we cannot address the insurance value or the
11possible self-selection effects of leniency programs.

Our work also shares some features with studies on multi-defendant settlements,
where a single plaintiff faces many defendants, a literature initiated by Easterbrook
et al. (1980) and Polinsky and Shavell (1981). In particular, Kornhauser and
Revesz (1994) analyse the case where there exists joint and several liability and
the plaintiff’s probabilities of success are highly correlated across defendants.
Their setting presents game theoretic aspects similar to the case we analyse, as the
decision of one of many defendants between settling or not is very similar to the
decision of one of many colluding firms between revealing or not information to

12the Antitrust Authority.
Finally, the issues studied here have some relationships with the literature on tax

amnesties, even if the models used in that literature are very different from our
13own. In particular, despite the different settings, we believe that our results might

represent a contribution to the understanding of the effects of fully anticipated (or
permanent) tax amnesties. While they might have the effect of reducing com-
pliance, they could still be beneficial in a second-best perspective, when the tax
authorities have not enough resources to avoid tax evasion.

The paper continues as follows. In Section 2 we set up the basic model, in
which every firm which decides to cooperate with the Antitrust Authority is given
a fine reduction. In Section 3 the firms’ decisions given the policy parameters are
studied, while in Section 4 we analyze the optimal policies. Section 5 deals with
the case where leniency applies only if information is disclosed before an inquiry
is open; concluding remarks follow in Section 6.

2 . The model

We consider a group of perfectly symmetric firms (an industry) which consider
colluding taking into account the enforcement activity of the Antitrust Authority
(AA from now on). Moreover, in the equilibrium analysis we shall consider
symmetric industries: hence, all firms and industries will take the same (collusive
or deviating) strategy in the economy. The AA is able to commit to a certain
enforcement policy, which might entail the use of leniency programs (LP

11For the same reason, we do not have multiple equilibria with different crime rates, as identified by
Schrag and Scotchmer (1997).

12See also Kobayashi (1992), where by offering a plea discount to one defendant the prosecutor
obtains information which raises the probability of conviction of other defendants. Kobayashi shows
that if the culpability of an individual is positively correlated with the amount of incriminating evidence
about the other defendants, the prosecutor will offer the highest plea discount to the most culpable
defendant, to maximise deterrence. While our symmetric setting does not allow us to analyse this case,
this result would carry over to a properly modified extension of our model.

13See Andreoni (1991), Malik and Schwab (1991) and Das-Gupta and Mookherjee (1996).
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hereafter). LP grant reduced fines to those firms which cooperate in the in-
vestigation by revealing information which proves the existence of a collusive
agreement. The content of the collusive agreement, therefore, has to prescribe both
the market conduct and the behaviour towards the AA. A cartel, for example, may
prescribe to its members to replicate the monopoly configuration and to refuse any
cooperation with the AA during the inquiries, or, conversely, it may allow the
members to reveal information if the AA opens a review of the industry.

We now describe the policy choices of the AA, moving then to the firms’
strategies and to the timing of the game.

2 .1. Enforcement choices

The AA goal is the maximization of a utilitarian welfare function. Four
parameters summarize the enforcement policy.

]
– The full finesF [ [0,F ] for firms that are proved guilty and that have not

]
cooperated with the AA, whereF is exogenously given by the law.

– The reduced finesR[ [0, F ] specified by a LP together with the eligibility
14 15conditions. We shall consider initially the benchmark case in which all the

firms that cooperate even after an investigation is opened can be granted reduced
16fines R.

– The probabilitya [ [0, 1] that the firms are reviewed by the AA. (This
review—or monitoring—stage is the first stage of an investigation.)

– The probability p [ [0, 1] that the AA successfully concludes the in-
vestigation when firms do not cooperate. (This prosecution stage is the second and
last stage of the investigation.)

When the AA is running an investigation, it is able to collect and use evidence
up to the current period. Once the investigation is opened, the AA has to conclude
it with a decision. We assume that the AA does not make (type I) judicial errors: if
an industry where firms are not colluding is reviewed, the investigation does not

14Spagnolo (2000), who builds on the previous version of this paper (Motta and Polo, 1999),
considers the case of negative fines (i.e., rewards) for firms which provide information to the AA.
However, offering rewards for firms that have colluded is generally politically unfeasible.

15Throughout the paper, we assume that information given by a single firm is enough to prove that
all the firms which have taken part in the collusion are guilty. This might be interpreted as the case
where each firm has access to the minutes of the meetings, or has copies of letters, faxes or e-mail
messages which all the firms have used to coordinate on the collusive outcome. Since an important
component in the working of cartels is the coordination of moves among participants, the access of
each partner to some information regarding the others seems realistic.

16In Motta and Polo (1999) we also consider the case where only the first comer is eligible for
leniency. We find there that restricting the LP to the first firm is sub-optimal, but otherwise results are
qualitatively similar.
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enter the prosecution stage. A review on colluding firms can be ended in two
ways: either some cartel member reveals information to the AA, in which case the
participants are found guilty with probability one (and there is no need to enter the
prosecution stage), or nobody reveals information. In this case the AA has to go on
with the investigation, trying to prove the firms guilty, which occurs with
probability p (type II errors might occur) and takes more time.

We assume that the AA has an exogenous budget that can be used to promote
enforcement: hence, we have fixed rather than variable enforcement costs. The
important decision regarding the policy parameters will be the allocation of
internal resources, which determines the trade-off between the monitoring and
prosecution ratesa and p. In Section 4 we discuss in detail the enforcement
technology and costs.

Moreover, when the AA proves firms guilty, it is able to impose compliance in
the current period, for instance by imposing restrictions and remedies on firms’
behaviour, e.g. non cooperative pricing. This temporary desistence effect of an
adverse decision wants to capture the common fact that a guilty firm is often
required to produce reports to the AA for a certain period on its market strategies
and is subject to a light monitoring regime in that phase.

We initially treat the policy parameters as exogenous, focusing on the game
played by the firms once the policy is set. When moving to the analysis of the
optimal policies we will describe the constraints of the AA and explain how the
policy parameters are determined.

2 .2. Firms’ collusive strategies

We analyse two different collusive strategy profiles of firms.

– In the first one, CR (Collude and Reveal), firms collude fromt 51 on, as
long as no deviation occurs. If in periodt no inquiry is opened, they realize a profit
P at the end of the period. If in periodt the AA opens a review, firms revealM

information to the AA, pay the (reduced) fineR and are forced to non cooperative
pricing for the current period, with profitsP ,P . In t 1 1, since no deviationN M

from the equilibrium strategy occurred, they go back to the collusive strategy. If a
deviation either in the marketplace or in the revelation policy occurs, they use
Nash punishment forever with profitsP in every period.N

– In the second collusive strategy, CNR (Collude and Not Reveal), firms
collude fromt 5 1 on, as long as no deviation occurs. If in periodt no inquiry is
opened, they realize a profitP at the end of the period. If in periodt a review isM

opened, they do not reveal any information to the AA (which needs therefore
another period to conclude the investigation) and obtain profitsP . In t 11, ifM

they are proved guilty, they pay the fineF and are forced to non-cooperative
prices, with profitP ; in t 1 2 they revert to the collusive behaviour. If int 1 1N

they are not proved guilty, they obtain profitsP and will go on colluding. If,M
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however, a firm deviates in the marketplace or reveals information to the AA,
Nash punishment starts and goes on forever with profitsP in every period.N

17Hence the firms combine the usual grim strategies of the supergame literature
with a revelation policy which is agreed upon, and they interpret any deviation
from either the market strategy or the revelation policy as a break-down of the
cartel. Moreover, firms collude until they are proved guilty, and restart collusion
after an inquiry is concluded, as long as no deviation from the prescribed strategy
occurred. These strategies are consistent with the idea that if the conditions for
collusive behaviour are satisfied, firms tend to coordinate their actions as long as
they are not forced to take non-cooperative actions by a sentence of the AA, and
they restart collusion once the AA moves its attention to other industries.

2 .3. Timing of the game

To summarise, the game starts att 50 with the AA setting the policy
parameters; int 5 1 firms select a collusive strategy (market allocation and
revelation policy) and decide whether to collude or to deviate from the proposed

18agreement. If collusion is chosen, every period has the following structure: firms
collude; immediately afterwards, the AA opens an investigation with probabilitya,
which ends in the same period if the firms cooperate, or continues in the following
period if no firm reveals. If firms are condemned, they are forced to play non
cooperatively for the current period and to pay the (reduced or full) fine. After an
investigation is concluded, the game restarts with the collusive strategy if no
deviation from the equilibrium strategy occurred, while it goes on with the
punishment phase if some firm deviated either from the market or from the
revelation strategy.

We can now proceed to analyse the equilibrium of the game. We first consider
(Section 3) the subgame perfect equilibria in the repeated game among firms once
the policy parametersF, R, a andp have been set by the AA. We shall identify in
the (a, p) space the regions corresponding to the different equilibria, which
identify the incentive compatibility constraints when the AA designs the optimal
policy. In Section 4 we shall consider the optimal policy choices of the AA, thus
finding the solutions of the whole game.

3 . The firms’ decisions

From the description of the strategies, and given that firms and industries are
symmetric three possible outcomes are relevant. In a NC (No Collusion)

17See Friedman (1971) and, for a textbook presentation, Tirole (1988, chapter 6).
18As will be clear from the equilibrium analysis, the game is stationary once the policy parameters

are set and therefore we can restrict the attention to deviations att 5 1.
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equilibrium collusion does not arise in any industry, because each participant
would prefer to deviate rather than join a collusive agreement. In this case full
ex-ante deterrence is reached. Alternatively, in each industry firms collude and
reveal if monitored (CR) or they collude but refuse to reveal any information if an
investigation is opened (CNR): in both cases a cartel starts, and the AA obtains
ex-post desistence (for one period) when it is able to condemn the firms. When
examining the conditions for the existence of a collusive equilibrium, we have to
consider two possible deviations: a deviation from the market strategy, and a
deviation from the revelation policy agreed upon by the firms. In what follows, we
study the incentive compatibility constraints of the firms and determine the
equilibrium outcomes.

3 .1. CR: collude and reveal

We consider first the conditions for a CR equilibrium to exist, in which firms
collude in the market and reveal information to the AA if a review is opened.
From the timing of the game, we know that in each periodt > 1 the firms are
reviewed with probabilitya and, if monitored, they reveal, are forced to compete
non-cooperatively for the current period and pay the reduced fineR; then, the
game restarts. Hence, we can easily obtain the value of the CR strategy,V :CR

P P 2P 1RM M N
]] ]]]]V 5a(P 2R)1 (12a)(P )1dV 5 2a (1)CR N M CR 12d 12d

where P are the profits from collusion,P ,P the non-cooperative profitsM N M

obtained during the compliance phase andd [ (0, 1) is the discount factor. Notice
that the first term corresponds to the value of collusion in the standard case where
no antitrust intervention is considered. The value of collusion becomes smaller
when antitrust enforcement takes place for two reasons (occurring with probability
a): the firms pay the fineR if found guilty, and they have a profit lossP 2PM N

when the AA forces them to interrupt the collusive behaviour for the current
period.

If an investigation is opened, there is no incentive to deviate from the revelation
policy agreed upon in a CR equilibrium: by not revealing when the other firms are
expected to cooperate with the AA, the (deviating) firm would get the full fineF
instead of the reduced fineR, and would break the cartel, with further future
losses. Hence, to establish the conditions for a CR equilibrium the relevant
constraint is that the firm cannot be better off by deviating (in the market) from the
beginning. In this case the value of the deviating strategy is

PN
]]V 5P 1d (2)D D 12d

whereP .P are the profits in the deviation phase, which is followed by NashD M

punishment forever. Moreover, notice that, since the AA does not make type I
error, even if the industry is reviewed the deviating firm is not found guilty of



356 M. Motta, M. Polo / Int. J. Ind. Organ. 21 (2003) 347–379

collusive behaviour and is immediately acquitted with no fine or restriction on
current behaviour. The following Lemma states the conditions for a CR subgame
perfect equilibrium to exist.

Lemma 1. For given policy parameters (F, R, a, p), a subgame perfect
equilibrium exists in which firms collude and reveal when monitored if

P 2 (12d )P 2dPM D N
]]]]]]]a ,a (R)5 (3)CR P 2P 1RM N

Proof. The condition immediately follows from the inequalityV .V . hCR D

Notice that a (R)>0 for d > (P 2P ) /(P 2P ) which is the usualCR D M D N

critical discount factor when firms collude with no threat of prosecution. For the
remaining of the paper we focus on the interesting case where this minimal
condition holds. Note thata (R) is decreasing inR anda (0),1 (see also Fig.CR CR

1). Hence, granting more generous discounts increases the threshold valuea (R)CR

relaxing the constraint for a CR equilibrium and making collusion more attractive.
In this sense, LP have a pro-collusive effect since they decrease the expected cost
of anticompetitive behaviour. Notice that the probability of independent prosecu-
tion p plays no role in a CR equilibrium, since the evidence to prove the existence
of the cartel is provided by the colluding firms themselves. Since firms stop
collusion for one period and pay a reduced fine every time they are reviewed, we
need a sufficiently lowa in order to make firms better off colluding (and
revealing) rather than deviating.

3 .2. CNR: collude and not reveal

We proceed as before, deriving first the value of the game in a CNR
equilibrium. From the timing of the game we know that, in each periodt > 1, the
AA opens a review with probabilitya ; if monitored, firms do not reveal and
continue colluding in the current period, while in the next period they are
condemned with probabilityp; in this case, they pay the full fineF and behave
non-cooperatively for the current period, while if not proved guilty collusion
continues; after two periods the game restarts. If firms are not monitored, in a
CNR equilibrium some other industry will be reviewed and the AA will not open
new reviews for two periods, having to conclude the cases opened; hence, firms
will have two periods of safe collusive profits before the game restarts. The value
of the game in a CNR equilibrium is therefore:

2V 5a P 1d [ p(P 2F )1 (12 p)P ] 1 (12a)(11d )P 1d Vh jCNR M N M M CNR

(4)

After rearranging, we obtain:
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Fig. 1. Incentive compatibility constraints.

P d(P 2P 1F )M M N
]] ]]]]]V 5 2ap (5)CNR 212d 12d

where, as before, the standard cartel profits are reduced by the expected losses
from antitrust enforcement, where now the ex-ante probability of being fined is
ap. In order to establish if CNR is a subgame perfect equilibrium we have to
consider two constraints: (i) the firms prefer to collude and not reveal rather than
deviate (in the market) from the beginning; (ii) when reviewed by the AA, they
prefer not to reveal rather than cooperate in the investigation.

The conditions for the first constraint to hold can be easily obtained by requiring
that V >V . Substituting the expressions and rearranging we get:CNR D

(11d )(P 2 (12d )P 2dP )M D N
]]]]]]]]]a ,a ( p)5 (6)NC dp(P 2P 1F )M N
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The curvea ( p), shown in Fig. 1, does not depend onR and is decreasing inNC

p: a higher probability p of being condemned must be balanced by a lower
probabilitya of being reviewed, in order to maintain the firms indifferent between
CNR and deviate.

Consider now the second constraint for a CNR subgame perfect equilibrium,
which becomes relevant when LP are introduced: for a CNR equilibrium to exist
we want that in the subgame starting when the AA opens an investigation, the
firms prefer not to reveal. The value of the game if the firm reveals once
monitored, deviating from the prescriptions of a CNR equilibrium, is:

PN
]]V ua 5 2R (7)R 12d

If instead the firm does not reveal, according to the equilibrium strategy, the value
of the game from that point on is:

2V ua 5P 1d [ p(P 2F )1 (12 p)P ] 1d V (8)NR M N M CNR

Substituting the expression forV and rearranging we obtain:CNR

2
P dp(12d (12a))(P 2P 1F )M M N
]] ]]]]]]]]]]V ua 5 2 (9)NR 212d 12d

Not revealing is optimal once monitored ifV ua > V ua. Substituting andNR R

rearranging we obtain the second relevant locus to establish a CNR equilibrium:

a ,a ( p, R)R

(11d )hP 2P 1R(12d )2dp(12d )(P 2P 1F )jM N M N
]]]]]]]]]]]]]]]]5 (10)3

d p(P 2P 1F )M N

Hence, the first constraint (no deviation in market strategy) leads to thea ( p)NC

curve while the second constraint (no deviation in the revelation policy) gives the
a ( p, R) curve. This latter shifts down when the reduced fineR is lowered. WhenR

R is close to the full fineF, thea ( p, R) curve is always above thea ( p) curveR NC

for a andp in 0, 1 and the no revelation constraint never binds: since revealingf g
once monitored entails the breakdown of the cartel and a fineR for sure, whenR is
close toF, there is no incentive to reveal. When insteadR becomes small, the
a ( p, R) curve at some point becomes lower than thea ( p) curve for someaR NC

andp in 0, 1 , meaning that the no revelation constraint becomes binding for thef g
existence of the cartel whenp is sufficiently high (Fig. 1 gives an example where
for p high enougha ( p, R), a ( p), i.e. the no revelation constraint binds in aR NC

CNR equilibrium). We can now state the conditions for a CNR equilibrium.

Lemma 2. For given policy parameters (F, R, a, p), a CNR equilibrium exists if
a ,minha ( p), a ( p, R)j.NC R
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Proof. It immediately follows from the discussion above.h

3 .3. CNR vs. CR

So far we have identified the conditions such that a CR or a CNR strategy is
preferred to a deviating strategy. Comparing the conditions for the existence of a
CR (a ,a (R)) and a CNR (a ,minha ( p),a ( p,R)j) subgame perfect equilib-CR NC R

rium whenR,F, we can notice that there are regions of parameters that admit
both types of equilibria. Then, the conditionV .V allows to identify whenCNR CR

CNR dominates CR: similar to what is standard in the analysis of collusion, we
assume that firms are able to select the most profitable allocation to be
implemented not only concerning the market strategy but also with reference to the
revelation policy. Substituting and rearranging we get:

(11d )(P 2P 1R)M N
]]]]]]]p , p (R)5 (11)CNR d(P 2P 1F )M N

That is, when the respective equilibrium conditions hold, not revealing is preferred
when the probability p of being condemned is sufficiently low. Notice that
p 5 p (R) can be rewritten as:CNR

d(P 2P 1F )M N
]]]]]p 5P 2P 1R (12)M N11d

Then, forp 5 p (R), the expected average losses suffered with probabilityp inCNR

a CNR equilibrium (the left hand side term) equal the average losses suffered with
certainty in the CR case (the right hand side expression).

Before moving to a full statement of the subgame perfect equilibria in the game,
we need further to identify when the flat locusa (R), which identifies the regionCR

where a CR equilibrium exists, cuts the downward sloping locus minha ( p),NC

a ( p, R)j, below which a CNR equilibrium exists. It is easy to show that settingR

a (R)5a ( p) and solving for p gives p 5 p (R), i.e. the three curvesCR NC CNR

intersect in the same point as shown in Fig. 1. Settinga (R)5a ( p) and solvingCR R

for p we get:

(11d )(P 2P 1R)(P 2P 1R(12d ))M N M N
]]]]]]]]]]]]]]]]]]p (R)5R 2 2
d(P 2P 1F ) P 2P 1R(12d )2d (12d )(P 2P )f gM N M N D N

(13)

Since p (R) and p (R) correspond to the intersection of the horizontal lineCNR R

a (R) with the two downward sloping curvesa ( p) anda ( p, R), p (R),CR NC R CNR

p (R) implies that ata 5a (R) the former is to the left of the latter, as in Fig. 1,R CR

and vice versa. Simple calculations show thatp (R), p (R) whenR,d(P 2CNR R D
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P ). Hence, when the reduced fine is sufficiently low, the relevant curvesN

correspond to Fig. 1.
Sincea (R), a ( p, R), p (R) and p (R) all depend on the reduced fineR,CR R CNR R

the relations among these curves anda ( p), as well as the regions correspondingNC

to the different equilibria, change withR. In particular, whenR becomes lower and
lower than F, the a ( p, R) curve moves down and to the left whilea (R)R CR

increases, bothp (R) and p (R), which are initially greater than one, decrease,CNR R

and whenR,d(P 2P ), p (R) becomes lower thanp (R). In Fig. 1 theD N CNR R

different curves are drawn, with the arrows showing how the curves shift whenR
is lowered. In the following proposition we give the conditions for a CNR, a CR
and a NC equilibrium to exist and, in case of multiple equilibria, to be Pareto
dominant, as a function of the policy parameters.

Proposition 1. In the repeated game played by the firms from t 5 1 on, once the
policy parameters (F, R, a, p) are set, we can describe the Subgame Perfect
Equilibrium (SPE) in the (a, p) space as follows:

– When R is close to F, such that p (R). p (R). 1, the unique SPE is NCCNR R

above the locus minha ( p), a ( p, R)j while the Pareto dominant SPE is CNRNC R

below the locus.
– When R is lower, such that p (R).1. p (R), the Pareto dominant SPE isCNC R

CR above a ( p, R) and below a (R); the Pareto dominant SPE is CNR below theR CR

locus minha ( p),a ( p,R)j while the unique SPE is NC otherwise.NC R

– When R is such that 1. p (R). p (R), the Pareto dominant SPE is CRCNR R

for p [ [ p (R),p (R)] and a [ [a ( p,R),a (R)) and p [ [ p (R),1] and a [R CNR R CR CNR

[0, a (R)), it is CNR below the locus minha ( p), a ( p,R)j for p [ [0, p (R)]CR NC R CNR

while the unique SPE is NC otherwise.
– Finally, for 0,R,d(P 2P ) we have 1. p (R). p (R) and theD N R CNR

Pareto dominant SPE is CR for p [ [ p (R), 1] and a [ [0, a (R)), it is CNRCNR CR

for p [ [0, p (R)) and a ,a ( p) while the unique SPE is NC otherwise.CNR NC

Proof. See Appendix B. h

The proposition identifies the regions where the CNR, CR and NC equilibria
exist. Recall that different conditions must be satisfied for these equilibria to exist.
To summarise, CR exists ifa ,a (R); CNR exists whena ,minha ( p),CR NC

a ( p,R)j; NC exists ifa >a (R) and whena >minha ( p), a ( p, R)j. Finally,R CR NC R

the conditionp , p (R) determines whether firms prefer the CNR over the CRCNR

collusive strategy (and vice versa when the inequality does not hold). The level of
the reduced fineR affects the above conditions, and this explains why Proposition
1 is stated for different levels ofR. In particular, only NC and CNR equilibria exist
whenR is too close toF : the reduction in profits fromP to P would occur withM N

certainty in the current period in a CR equilibrium and with probabilityp in the
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following period in a CNR equilibrium. Hence, when the saving in fines is
negligible, if the firms find it convenient to collude, they prefer not to reveal.
Consequently, LP require a sufficient discount in fines to become effective.

Rather than illustrating all the equilibria stated in Proposition 1 for different
values ofR, we just show in the following figures the equilibrium solutions for a
very low value ofR to save space. However, we should stress that, as Proposition
2 will show, whenever an agency decides to introduce a leniency program, it will
find it optimal to chooseR5 0. Therefore, intermediate values ofR will never
arise at the equilibrium of the whole game.

Fig. 2 describes the three regions of parameters in the space (a, p) for a very
low value ofR,F. When botha andp are high (the north-east region) deterrence
is very effective and the value of colluding is decreased, making deviation more
attractive: as a result, no cartel arises (NC). Whena is low but p is high (the
south-east region) ex-ante deterrence is not very effective and firms start colluding;
but refusing to cooperate with the AA once the review is opened is not rewarding
since firms will likely receive the full fine (p is high), and firms prefer to collude
but reveal (CR) if monitored. Finally, for lowp deterrence is not effective as well
and firms prefer to collude; but now they prefer not to reveal information if
monitored (CNR), since the ability of the AA to condemn them to the full fine is
very low.

The NC, CR and CNR regions in Fig. 2 are obtained under the assumption that
the firms, if found guilty, will behave non-cooperatively for one period, then

19restart collusion in the following period.
We can now compare the outcomes of the game played by the firms with and

without leniency programs. There are two effects at work: under LP, there is a
region of parameters (labelled 1 in Fig. 2) which induces CR under leniency
programs that would rather prevent collusion when no reduced fines are granted:
since the expected cost of misbehaviour is lower, LP have a pro-collusive effect in
this case. However, when collusion arises, the use of LP allows to obtain ex-post
desistence more easily, by inducing revelation and by shortening the inves-
tigations, for certain values of the policy parameters labelled region 2. In order to
establish which effect prevails, we have now to move to the implementation of the
optimal policies.

Before studying the optimal policies, however, we would like to stress that fine
discounts in our setting must be more generous than in Kaplow and Shavell

19We do not regard the assumption that firms stop colluding for just one period as crucial. If the AA
monitored the firms forT periods after a sentence, the qualitative features of Fig. 2 would remain, with
the three regions identified by similar boundaries. In Motta and Polo (1999) we consider the case where
firms proved guilty do not collude any more (while if the AA is unable to condemn the firms, the cartel
is not reviewed again in the future). That case implies that if found guilty, a firm is constantly
monitored by the AA (while a second inquiry is never opened if the firms were not proved guilty). The
results do not change in that alternative scenario.
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Fig. 2. Subgame perfect equilibria.

(1994). They show that to induce violators to self-report it is enough to set the
reduced fine such thatpF >R. In our setting, a firm would reveal ifp . p (R),CNR

which can be rewritten as:

d 11d 12 ps s dd
]] ]]]]pF 2 P 2P >R. (14)s dM N11d 11d

There are two reasons why this condition differs from the findings of Kaplow
and Shavell (1994). The first just lies in the formal specification of the model, and
the fact that when firms do not reveal they can be fined only with a one period lag
and every two periods (hence the termd /(11d ) which multiplies pF ). The
second one is more important, and is due to the fact that by revealing the firm also
foregoes with certainty some (appropriately weighted and discounted) future
profits that, by not revealing, it would get with probability (12 p) if not found
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guilty (hence the second term in the inequality above). Therefore we should expect
that whenever self-reporting diminishes the future profits of violators (which might
occur not only in the case of interruption of a collusive practice, but also in cases
where self-reporting increases the compliance of polluters, or reveals black assets
to the tax authorities), fine discounts have to be more generous.

4 . Optimal enforcement

In the previous section we have studied the firms’ decisions given policy
parameters. We now move to the endogenous choice of such parameters. The
analysis of the optimal enforcement choices of the AA is built in two steps. We
first consider the policy combinations (a, p) that the AA can implement given its
enforcement technology, i.e. its budget constraint; then we derive the iso-welfare
gains curves in the (a, p) space where the equilibrium outcomes of the game
among firms were identified; finally we discuss under which conditions leniency
programs should be used.

4 .1. Budget constraint

In this section we specify the enforcement technology and derive the locus of
implementable policies, that we define as the AA budget constraint. The AA is
(exogenously) endowed with a sunk per-period budget; we assume that setting the
fines at any level is not costly, while increasing the probability of enforcement
requires resources.

In general we expect a trade-off between the monitoring ratea and the
successful prosecution ratep implementable, in the sense that with given resources
increasing the former requires a contraction in the latter. This might occur, for
instance, because the officers must be assigned either to monitoring or to
prosecution, or for any other technological constraint that makes the outcomes of
these two tasks negatively related. The general conclusions we shall draw
regarding the optimal policies hold for any downward sloping budget constraint.
Here we propose a specific modelling of the enforcement technology that quite
naturally conveys a negative relationship.

20The total budget allows to hireL officers that are organised in teams ofl units.
A team performs both the monitoring and (if firms do not reveal) the prosecution
tasks. It opens an investigation by selecting randomly an industry within a pool of

20l can be interpreted as the overall time spent by the members of a team on a single case during the
period.
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21N symmetric industries which are potentially collusive. Given the total labour
22force L, choosing the dimension of the teams determines the number of casesn

that can be treated in a period,n 5 L /l. In the case of symmetric cartels that we are
considering, all the industries choose the same equilibrium behaviour NC, CR or
CNR: in this latter case the investigations last two periods. Hence, the AA opensn
new cases each period (NC and CR) or every two periods (CNR).The probability
that an industry is reviewed is therefore

ln N
] ]a 5 5 (15)N l

wherel 5 L /N is the dimension of (time spent by) a team if all theN industriesN

were reviewed at the same time: since the interesting case is when the AA has
scarce resources, in our discussionl will be very small.N

The dimension of the team influences also the probabilityp of proving firms
guilty when they do not cooperate. We assume that a minimum scale of the team
(time spent)l is needed in order to obtain some evidence, and that prosecution0

has decreasing returns, according to the function:

p 5 g(l 2 l ) (16)0

99with g(0)50, lim g( ? )51, g9( ? ). 0, andg ( ? ), 0 for l > l , and liml→` 0 l→l0

g9( ? )5`.
There is a trade-off in the enforcement policy between opening more reviews,

which requires smaller teams, and being able to successfully conclude them, which
is more likely if the teams are larger. To obtain the budget constraint, we can

21notice thatg( ? ) is increasing and we can invert it, definingf( p)5 g ( p). Then
l 5 l 1 f( p) is the team size needed to obtain a successful prosecution probability0

p: it is increasing and convex inp, with a vertical intercept atl .0

Sincea 5 l /l, the budget constraint of the AA, isN

lN
]]]a ( p)5 (17)BC l 1 f( p)0

for 0< p < g(L 2 l ), which is the highest feasible probability, obtained if all the0

21As specified above, we assume that an industry can be investigated repeatedly, no matter whether
it was previously found guilty or not; moreover, if collusion restarts after a sentence, a new
investigation might be opened immediately finding evidence up to the current period regarding the new
attempt to collude; finally, if an industry or a firm not colluding (i.e. behaving non-cooperatively or
deviating) is reviewed, the investigation is closed in the same period. Moreover, we assume symmetric
industries, which implies that a CR, a CNR or a NC equilibrium is implemented in each industry. All
these assumptions imply that the numberN of industries subject to monitoring when new reviews are
opened remains constant over time. Hence, the game remains stationary even when we endogenize the
choice of the policy parameters.

22To ease the exposition and analysis we treatn as defined over the real line.
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officersL are allocated to a single case. Thea ( p) is downward sloping, initiallyBC

concave and then convex. In Appendix A these properties are formally established.
Moreover, sincel 5 L /N, an increase in the budgetL shifts up parallelly theN

vertical intercept ofa ( p).BC

Along the budget constraint we have different levels of the ex-ante probability
of being fined,a ( p) ? p. Notice thatBC

da ( p) ? p l [l 2 pf 9( p)] lBC N N
]]]] ]]]] ]5 5 (12e )2 pdp ll

wheree ; df/dp ? p /l is the elasticity of the team sizel with respect to the targetp

probability p. Hence, whene 5 1 the ex-ante probability of being fined isp

constant. Let us definep the probability that makese 5 1. At p 5 p a 1%1 p 1

increase in the probability of successful prosecution requires a team 1% larger,
which in turn reduces by 1% the probability of being reviewed, leaving the ex-ante
probability of being fineda ( p) ? p constant. The probabilityp will play aBC 1

crucial role in the analysis of the optimal enforcement.

4 .2. Welfare gains

We can now derive a welfare measure of the antitrust activity. When cartels can
arise in the market, antitrust intervention improves social welfare by preventing
(deterrence) or temporarily interrupting (desistence) collusion: this latter case, as
we argued above, corresponds to the restrictions and remedies that the AA can
impose on the behaviour of guilty firms for a certain period through a sentence. We
evaluate these effects through a utilitarian welfare function with equal weights on
consumer and producer surplus. Moreover, the fines are assumed to be pure
transfers that do not affect the aggregate welfare. Hence, in the evaluation of the
welfare effects we focus on the deterrence and desistence properties of LP.

The traditional deadweight loss (DWL) measures the welfare gains associated
with a successful intervention that induces a more competitive market equilibrium.
We evaluate the welfare gains of antitrust enforcement by comparing the
equilibrium outcomes NC, CR and CNR with the situation where collusion arises
because no policy intervention is promoted.

As mentioned when describing the enforcement technology, the AA facesN
industries which can potentially promote collusion. In a NC equilibrium, no cartel
arises and therefore fromt 5 1 the AA realizes the following welfare gains:

DWL
]]W 5N 5NK (18)NC 12d

whereK is the present value of avoiding the cartelization of an industry. When the
firms coordinate on a Collude and Reveal equilibrium, the AA opens in each
period n reviews which induce revelation and end up with then industries
behaving non cooperatively for the current period (with DWL gains), until the AA
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moves its attention to another industry. Hence, starting fromt 51, the AA obtains
nDWL gains per period, with a total welfare gain

nDWL
]]W 5 5 nK 5aW (19)CR NC12d

Comparing the welfare gains under NC and CR, the latter is lower because it
interrupts cartels only with probabilitya in each period (anda <a , 1 in theCR

CR region). Finally, in a Collude and Not Reveal equilibrium the AA interruptsn
cartels for one period (nDWL) only with probability p, taking two periods to
conclude the procedure. The welfare gains are therefore

npdDWL npdK d d
]]] ]] ]] ]]W 5 5 5 p W 5ap W (20)CNR 2 CR NC11d 11d 11d12d

Compare the welfare gains of antitrust intervention with and without LP for
given a in a right (CR) and left (CNR) neighbourhood ofp : CNR gives aCNR

lower welfare gain because ex-post desistence occurs with a lower probability (p)
once a case is opened, and because it takes two periods and a discount factor
d /(11d ) to reach a decision.

Consider now the iso-welfare gains curves in the (a, p) space associated with
the three outcomes. We initially focus on the case in which no LP are used, i.e.
R5F : no collusion (NC) and collude and not reveal (CNR) are the two possible
outcomes. In all the region NC the welfare gains are the same, as they do not
depend ona andp. In the CNR region, the welfare gains depend on botha andp
and the indifference curves are equilateral hyperboles. If the welfare gain isW the
iso-welfare gains curve in the CNR region is

(11d )W] ]]]a ( p)5 (21)CNR dNKp

]Hence,a ( p) is an equilateral hyperbole as the upper boundary of the CNRCNR
23regiona ( p) is.NC

Consider now the iso-welfare gains curves when LP are introduced withR5 0.

23In fact, it is easy to verify that the two curves overlap for a welfare gain in the CNR region equal
to

P 2 (12d )P 2dPM D N
]]]]]]W5NK (22)

P 2P 1FM N

This welfare gain is the highest that can be realized in a CNR equilibrium, and corresponds to the
highest iso-welfare curve in the CNR region.
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Now three outcomes can occur: NC, CNR and CR. In the CR region,W dependsCR

only on a, and therefore the iso-welfare curves are horizontal. For a certain
welfare gainW, the iso-welfare gains curve in the CR region is flat at

W] ]a 5 (23)CR NK

To find the (same) iso-welfare gains curve that passes through the CNR and CR
regions when LP are used, the following argument applies (refer to Fig. 3): let us

˜fix a welfare gainW; in the CNR region the iso-welfare gains curve corresponds to
]thea ( p) curve already discussed. Once entering the CR region, the iso-welfareCNR

Fig. 3. Iso-welfare gains curves giving the same welfare level in the CNR and CR regions.
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24] ˜gains curve jumps down ata 5W /NK and becomes horizontal. In Fig. 3 theCR

thick line represents the iso-welfare gains curve passing through the CNR and CR
regions.

4 .3. Optimal policies

We can now identify the optimal policies given the iso-welfare gains curves, the
budget constraint and the incentive compatibility constraints that identify the
equilibrium outcomes in the game played by the firms for given policy parameters.
We first characterize the optimal policy when the AA wants to implement one of
the three outcomes NC, CNR and CR. Then we compare the implementable
outcomes and select the best one.

As a general point in all the equilibrium outcomes, it is always optimal to set
]

F 5F since increasing the fines is not costly and allows to obtain more favourable
(lower) boundariesa ( p) and p (R).NC CNR

Proposition 2. The optimal policies that implement the NC, CNR and CR
outcomes are:

– If a ( p)>a ( p) for some p [ [0, 1] the NC outcome can be implemented.BC NC

The optimal policy picks up the tangency point of the a ( p) and a ( p) curves atNC BC

p 5 p , where the ex-ante probability of being fined, a ( p ) ? p , remains1 BC 1 1

constant. If no tangency point exists, the optimal policy entails the corner solution
at a ( p)5 1.NC

– The optimal policy to implement CNR sets R5F and picks up the tangency
]point between the iso-welfare gains curve a ( p) and the budget constraintCNR

a ( p) at the point p 5 p , where the ex-ante probability of being fined, a ( p ) ?BC 1 BC 1

p , remains constant. If no tangency point exists, the optimal policy entails the1

corner solution p 5 g(l 2 l ) and a 5 1 or p 5 g(L 2 l ) and a 5 l /(l 1 f( p)).N 0 0 N 0

– If g(L 2 l )> p (0), a CR outcome can be implemented. The optimal0 CNR

policy sets R50, p 5 p (0) and a 5 l /(l 1 f( p)).CNR N 0

Proof. See Appendix B. h

Proposition 2 describes the optimal combination of policy parameters (a, p)
which implements each of the three possible sub-game perfect equilibrium
outcomes. This amounts to finding, within each region, the highest iso-welfare
gains curve subject to a given budget constraint. For regions NC and CNR the
optimal point will be given by the tangency point between the budget curve and
the iso-welfare curves (or by a corner solution, as stated in Proposition 2). Since

24 ] ] ]˜ ˜Notice thata 5W /NK ,a (1)5 (11d )W /dNK, i.e. the flat portiona of the iso-welfareCR CNR CR
]gains curve is below the value of the downward sloping portion when prolonged top 5 1, a (1).CNR
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the iso-welfare gains curves in these two regions are equilateral hyperboles with
slopea /p while the budget constraint’s slope isa´ /p, the tangency point is atp

p 5 p . Intuitively, if at the optimal policy that implements CNR or NC the ex-ante1

probabilitya ? p were not constant along the budget constraint it would be welfare
improving to modify the policy mix obtaining a more effective enforcement by
reducing the expected profits from collusion.

Fig. 4 shows how the equilibria NC, CR and CNR can be optimally im-
plemented for different budget constraints. Although a budget constraint may pass
through more than one region NC, CR and CNR, we have drawn three different
budget constraints, one for each implemented policy, to make the picture clearer.

1Given a budgeta , the best policy combination that implements NC is describedBC
1by point E , i.e. at the tangency point of the budget constraint and thea ( p)NC

curve corresponding top 5 p . Similarly, the CNR outcome is optimally im-1

1 2 3Fig. 4. The optimal policies to implement NC (pointE ), CR (point E ), and CNR (pointE ).
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3plemented for budgeta at the tangency point with the iso-welfare curveBC
]a ( p), again forp 5 p .CNR 1

2Given a (downward sloping) budgeta , the highest (horizontal) iso-welfareBC
2gains curve attainable in the region CR is reached at the corner solutionE with

p 5 p (0). Note that the optimal leniency scheme calls forR5 0. To understandCNR

why this is the case, suppose thatR. 0. By setting p 5 p (R) the AA makesCNR

firms indifferent between revealing or not. By giving a more generous discount
R50 firms strictly prefer to reveal, and the AA can still induce revelation
reducing p. In turn, this frees up some resources of the AA, which can organise
smaller teams and open more reviews, still obtaining firms’ revelation. Note also
that—although the welfare gains in a CR equilibrium depend only ona, the
optimal policy has to satisfy the constraintp 5 p to be credible. If the AA,CNR

relying on firms’ cooperation, chose to open a very large number of reviews (to
reach a very higha) by organising very small teams, then it would be unable to
successfully conclude any of the reviews with a probabilityp sufficiently high to
induce revelation.

We have found the optimal policies needed to implement the three different
outcomes NC, CNR and CR. It is intuitive that, for any downward sloping budget
constraint, the same qualitative features hold: a tangency point for the NC or CNR
outcome and a corner solution withR5 0 when CR is implemented. Our last step
is to identify the conditions for selecting the outcome associated to the highest
welfare gain. The following Proposition states the result.

Proposition 3. If the NC outcome can be implemented, i.e. a ( p)>a ( p) forBC NC

some p [ [0, 1], the optimal policy entails implementing the NC outcome. If only
CR and CNR can be implemented, i.e. a ( p),a ( p) for any p [ [0, 1], theBC NC

optimal policy selects, among the two, the outcome that gives the higher welfare
gains: if a ( p (0))>dp a ( p ) /(11d ), the optimal policy implements a CRBC CNR 1 BC 1

outcome. If a ( p (0)),dp a ( p ) /(11d ), or if g(L 2 l ), p (0), theBC CNR 1 BC 1 0 CNR

optimal policy implements a CNR outcome.

Proof. See Appendix B. h

Proposition 3 identifies the conditions under which the Antitrust Authority
selects the outcome NC, CNR or CR using the optimal policies analyzed in
Proposition 2. If the budget constraint is sufficiently high to implement the NC
outcome, this is the optimal policy. For intermediate budgets, only the CNR and
CR outcomes are implementable and we have to compare the welfare gains
obtained in the two cases: the conditiona ( p (0))>dp a ( p ) /(11d )BC CNR 1 BC 1

ensures that the CR outcome can be implemented with higher welfare gains than
the CNR outcome, i.e. that the budget constraint reaches a higher iso-welfare gains
curve in the CR than in the CNR region. Finally, when this condition fails to hold,
or for very low budgets, the CNR outcome is the best policy.
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Let us discuss briefly the case of intermediate budget levels. In Fig. 5 we have
an example in whicha ( p (0))>dp a ( p ) /(11d ), which makes CR theBC CNR 1 BC 1

preferred outcome (recall that we have already proved that the best leniency policy
calls for R5 0). Point A, where the budget constraint and the iso-welfare gains
curve in the CNR region are tangent atp 5 p , is the best CNR outcome1

mimplementable. The associated welfare gain isW 5NKdp a ( p ) /(11d ). The1 BC 1

same welfare level is obtained, in the CR region, along the flat iso-welfare gains
m mcurve, settinga 5W /NK 5dp a ( p ) /(11d ). But we see that the budget1 BC 1

Mconstraint enters in the CR region ata 5a ( p (0)) (point B) which is higherBC CNR
m M mthana : welfare gainsW at point B (in region CR) are therefore higher thanW

at point A (in region CNR).
It is now easier to see how the budget of the AA determines the optimal policy.

Note first that, as proved in Appendix A, different levels of the budgetL shift up
or down thea ( p) curve but leave unchanged the probabilityp which is chosenBC 1

Fig. 5. Welfare comparison of CNR (point A) and CR (point B) optimal policies when CR is preferred.
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in both the NC and CNR outcomes. Let us start from a rich budgetL such that the
NC outcome can be implemented. In this case the optimal policy selects the NC
outcome and setsp 5 p anda 5a ( p ) as shown in Fig. 4. Now let us decrease1 NC 1

the budgetL so that only CR and CNR are implementable, and let the condition
a ( p (0))>dp a ( p ) /(11d ) be satisfied: CR is now preferred to CNRBC CNR 1 BC 1

(refer again to Fig. 4). Sincep does not change as the budgetL continues to1

shrink, CR continues to be the optimal outcome of the policy until the budget is so
poor thatp (0) cannot be obtained even working with a single team, i.e. untilCNR

g(L 2 l ), p (0). At this point, since a CR outcome cannot be chosen, we0 CNR

revert to a CNR outcome, which is implemented at the tangency solutionp 5 p .1

Hence, decreasing budgetsL induce the sequence NC–CR–CNR of policy
25outcomes.

4 .3.1. Asymmetric cartels
We have assumed in this paper perfectly symmetric cartels, characterized in

each industry by the same relative profits from collusion (P 2P ) and fromM N

deviation (P 2P ), to simplify the model. Considering asymmetric industriesD N

might break stationarity, and make the model much more complex.
In Motta and Polo (1999), where we use a slightly simpler setting, relaxing the

assumption of symmetric cartels does not change the qualitative results of the
analysis. Heterogeneous cartels are described in that paper by assuming a
distribution of types with respect to the variables (P 2P ) and (P 2P ). WeM N D N

obtain there that not all the cartels choose the same equilibrium strategy for given
policy parameters. The (a, p) space can be divided in five regions: three of them
correspond to all the cartels choosing the same NC, CR or CNR strategy, as in the
symmetric case. However, there are also policy parameters that induce a CNR/CR
or a CNR/NC equilibrium, with the more profitable cartels choosing in both cases
to collude and not reveal. In these mixed regions, the proportion of cartel types
that choose the CNR strategy depends on the policy parameters. The design of the
optimal policies takes into account how the marginal type is influenced: we obtain
therefore, at the margin, the same welfare improving (firms move from CNR to
CR) and welfare decreasing (cartels moving from NC to CR) effects of leniency
programs that in a symmetric setting apply to the choices of all the cartels in the
economy.

25This sequence continues to hold as long as the minimum team sizel is high enough, i.e.0

independent prosecution is not a trivial task. Whenl is very low, p is low as well and the tangency0 1

point occurs at the upper boundary of thea ( p) curve: we cannot exclude that NC is implementedNC

close to (or at) the corner solution and that, once the budget line goes below thea ( p) curve, theNC

conditiona ( p (0))>dp a ( p ) /(11d ) fails to hold, inducing a sequence NC–CNR.BC CNR 1 BC 1
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5 . Fine reductions only before the inquiry is opened

As mentioned in the introduction, the initial leniency program introduced in the
US in 1978 entitled firms to a reduction in fines only if the cooperation started
before an inquiry was opened. Similarly, the regime chosen in the EU with the
July 1996 Notice applies mainly to firms which reveal information before the AA
has opened an official investigation. It is therefore interesting to analyze whether
granting leniency treatment only to firms which report before an investigation
starts can be justified in terms of enforcement effectiveness. We shall show in this
section that this is not the case.

In a ‘fine reduction only before the inquiry is opened’ regime, the AA initially
sets the policy parameters and the LP eligibility rules. Then firms decide to collude
or to deviate; in the following period, before an inquiry has been opened, the firms
choose whether to reveal the existence of the cartel to the AA; if no firm reveals
the AA reviews the cartel with probabilitya and concludes the prosecution stage
in the next period condemning the firms with probabilityp. Once a case is
concluded the game restarts.

In this setting we are interested to check whether both a collude and not reveal
(CNR) and a collude and reveal (CR) subgame perfect equilibrium exist. The
following proposition shows that only the former one exists.

Proposition 4. Consider the repeated game played by the firms from t 5 1 on, for
given policy parameters (F, R, a, p) and under the ‘ reduced fines only before an
inquiry is opened’ rule. A CR subgame perfect equilibrium never exists. For any
fine reduction R, if a ,a ( p) a CNR equilibrium exists. Otherwise, a NCNC

equilibrium exists.

Proof. See Appendix B. h

This proposition says that under this regime LPs are not effective, since firms
will never reveal after having colluded, and the condition which determines
whether firms do not collude or collude (and do not reveal) is the same as when
LPs do not exist. Everything is as if a fine reduction was not in place. It is not
difficult to understand why. Consider the benchmark case where firms were
entitled to fine discountsafter the opening of an investigation. There the expected
profit from collusion decreases when the event ‘opening of an investigation’
realizes, since the probability of being condemned to the full fines jumps up from
ap to p. Firms may react, if the rules of the LP allow, revealing information in
exchange of reduced fines. Hence, it is the increase in the probability of being
fined that triggers, in the benchmark case, firms to reveal after they have started to
collude.

If instead collaboration with the AA is rewarded only for reporting before an
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investigation starts, firms have no incentive to reveal information to the AA after
the investigation starts. But they have no incentive to reveal before the in-
vestigation starts either. Before observing if a review is opened, the probability of
being condemned is stillap, the same as when deciding on colluding or not. Ifap
is sufficiently high, firms will abstain from collusion; but if it is low enough, they
will collude and not reveal. If nothing new happens between the moment firms
decide on collusion and the moment they are asked to report to the AA, they will

26have no incentive to defect.
This result depends in part on the stationary structure of the game we are using,

as the discussion suggests. We can find, out of the setting of the model, reasons
why even fine reductions that are granted only before an inquiry is opened might
be effective.

For instance, if the full fineF depends on the duration of the cartel agreement,
firms might find it convenient to start colluding and reveal after some periods even
if not monitored (a particular type of CR strategy), in order to avoid the huge
cumulated fine they would pay in case of an adverse sentence. However, even in
this case extending fine reductions to late revelations (i.e., revelations after an
investigation is started) should make LP more effective: when the full fines
increase over time, if the firms can payR after a late revelation, they might reveal
if monitored even if the cumulated full finesF are not yet so high to induce early

27revelation.
The effectiveness of reduced fines granted also to late revelations is consistent

with the US experience, where initially the LP was used only for firms which
spontaneously offered evidence before the inquiry was opened. In this initial
regime the program was quite ineffective while, once allowed in 1993 for reduced
fines even after the inquiry was opened, the number of cases in which the firms

28cooperated with the judges increased significantly.

26Malik and Schwab (1991, pp. 30–31) also noticed that the introduction of a tax amnesty alone
(without an increase in compliance effort, for instance) will not lead a taxpayer to report additional
income: ‘He has already chosen the optimal level of evasion, and if he has not received any additional
information, then this optimal level of evasion remains unchanged’.

27A further example of non-stationarity: if the perception of the risk of being caught colluding
changes over time (or a more risk-adverse management takes over), then firms might report to the AA
even if the LPs apply only to revelations which occur before the investigation starts.

28In the 1994 Annual Report of the Antitrust Division it is stressed that in the first year of the new
regime ‘an average of one corporation per month came forward with information on unilateral
conspiracies, compared to an average of one per year under the previous policy. The policy thus
allowed the Division to extend the reach of its criminal enforcement activities with relatively little
expenditure of resources’ (Antitrust Division, 1994, pp. 6–7). More recently, ‘[a]mnesty applications
over the past year have been coming in at the rate of approximately two per month’ (Spratling, 1999, p.
2).
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6 . Conclusions

In this paper we have analyzed the effects of leniency programs on the
incentives of firms to collude and to reveal information that helps the Antitrust
Authority to prove illegal behaviour. We have showed that, by reducing the
expected fines, leniency programs may induce a pro-collusive reaction: combina-
tions of policy parameters which, without leniency programs, would prevent
collusion, may induce firms to collude (and reveal if monitored) when fine
reductions are given. Hence, if the resources available to the AA are sufficient to
prevent collusion using full fines, leniency programs should not be used.

However, when the AA has limited resources, leniency programs may be
optimal in a second best perspective. Fine reductions, inducing firms to reveal
information once an investigation is opened, increase the probability of ex-post
desistence and save resources of the AA, thereby raising welfare. The optimal
scheme requires maximum fine reduction, that is, the firms that collaborate with
the Authority should not pay any fine.

We have then showed that allowing fine reductions only to firms which report to
the Antitrust Authoritybefore an inquiry is opened (as initially established in the
US policy in 1978, and in the spirit of the EU Notice on the non-imposition of
fines), is inferior to a regime where firms are entitled to fine discounts even if they
revealafter an inquiry is opened.

We believe that, despite the simple setting, our paper sheds some light on the
desirable features of actual leniency programs. In particular, our analysis indicates
that a leniency program should beequally applicable (and generous) to information
disclosed before and after an investigation has started. The US experience, where
after the 1993 policy revision a corporation is granted leniency after an in-
vestigation has begun, shows that the extension of the leniency program to
post-investigation amnesty is a crucial ingredient for success.
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A  ppendix A. The budget constraint

In Appendix A we formally prove the main properties of the budget constraint



376 M. Motta, M. Polo / Int. J. Ind. Organ. 21 (2003) 347–379

2discussed in Section 4.1. Sincea ( p)5 l /(l 1 f( p)), in the set (a, p)[ [0, 1] ,BC N 0

depending on the value ofl 5 L /N, i.e. of the AA total budgetL, the budgetN

constraints intersects the boundaries at the following points: whenl , l we haveN 0

a vertical intercept forp 50 ata (0)5 l /l ; when l > l the budget constraintBC N 0 N 0

starts ata 51 andp 5 g(l 2 l ). The budget constraint is downward sloping, withN 0

slope

aeda l f 9( p) pBC N
]] ]]] ]5 2 5 2 , 02dp p(l 1 f( p))0

and the second derivative ofa ( p) is:BC

2 2d a 2[ f 9( p)] 2 f 0( p)[l 1 f( p)]BC 0
]] ]]]]]]]]5 l (A.1)2 N 3dp [l 1 f( p)]0

Since lim f 9( p)5 0 andf 0. 0, for low values ofp the curve is concave, whilep→0

it becomes convex whenp becomes large.
Finally, sincel 5 l 1 f( p) is increasing and convex with vertical intercept at0

l 5 l , e >1, i.e. f 9. l /p, for p > p and e , 1 for p , p . Hence, the budget0 p 1 p 1

constraint is flatter to the left, and steeper to the right ofp 5 p . Finally, sincep is1 1

such thatf 9( p )5 (l 1 f( p )) /p it is easy to check thatp does not depend onl1 0 1 1 1 N

and the total budgetL while it is increasing inl .0

A ppendix B. Proofs

 Proof: Proposition 1
Let us consider the different curvesa ( p), a ( p, R), a (R), p (R) andNC R CR CNR

p (R) for different values of the reduced fine, starting fromR5F. WhenR is closeR

to F, a ( p),a ( p, R) for p [ 0, 1 andp (R). p (R). 1 while a (R) isf gNC R CNR R CR

close to zero. Hence, CNR is preferred to CR—p (R). p (R)—and the NCCNR R

region is bounded below bya ( p). For lower values ofR, p (R), 1, p (R),NC R CNR

which means that a CR region exists above the curvea ( p, R) (where NC isR

preferred to CNR) and belowa (R) (where CR is preferred to NC). DecreasingCR

further the reduced fineR we getp (R), p (R), 1: for p [ p (R), p (R)f gR CNR R CNR

the CR region is delimited bya ( p, R) and a (R) as before, while forR CR

p [ p (R), 1 CR is preferred to both CNR and NC whena ,a (R). Finally,f gCNR CR

when R,d(P 2P ) we havep (R), p (R),1 and CR is preferred to NCD N CNR R

and CNR fora ,a (R) and p [ p , 1 , with a rectangular region CR. Thef gCR CNR

conditions stated in the Proposition summarize these different cases.h

 Proof: Proposition 2
We characterize the optimal policies to implement NC, CNR and CR. Any point

above thea ( p) curve is equivalent in terms of welfare gains, allowing toNC
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completely deter collusion. We select a point on the boundary of the NC region,
i.e. along the curvea ( p) which allows to save resources, i.e. to implement NCNC

with the minimum budget. Suppose that a tangency point exists betweena ( p)NC

anda ( p). The slope of thea ( p) curve isBC NC

≠a (11d )(P 2 (12d )P 2dP ) aNC M D N
]] ]]]]]]]]] ]5 2 5 2 (B.1)2 2≠p pd p (P 2P 1F )M N

Since the slope ofa ( p) is 2ae /p, the tangency occurs whene 51, i.e. atBC p p

p 5 p . Sincee . 1 for p . p ande , 1 for p , p , the budget constraint curve is1 p 1 p 1

below thea ( p) curve for any otherp. Hence,p 5 p anda 5 l /(l 1 f( p )) areNC 1 N 0 1
29the optimal policy. Ifl is very low it may be thata ( p ). 1. In this case the0 NC 1

optimal policy entails the corner solutiona ( p)5 1.NC

The implementation of a CNR equilibrium is very similar: since the slope of the
iso-welfare gains curves, all of them equilateral hyperboles, is2a /p while that of
the budget constraint curve is2ae /p, the optimal policy is at the tangency pointp

p 5 p . For very low values ofl it may be thata ( p ). 1, i.e. in the CNR1 0 BC 1

region the budget constraint is always steeper than the iso-welfare curves. In this
case we have a corner solution ata 5 1 andp 5 g(l 2 l ). Finally, for low valuesN 0

of the budgetL it may be thatg(L 2 l ), p , which implies that the budget0 1

constraint, for allp < g(L 2 l ) is always flatter than the iso-welfare gains curves.0

In this case the corner solution entailsp 5 g(L 2 l ) anda 5 l /(l 1 f( p)).0 N

Finally, let us consider the optimal implementation of a CR outcome. The
conditions stated in the Proposition imply that the budget constraint passes through
the CR region. By choosingR we determine how wide is this area. Since the
iso-welfare gains curves are horizontal and the budget constraint is downward
sloping, we’ll pick up a corner solution at the left boundary of the CR region.
SettingR5 0 we get the widest region, i.e. the lowestp (R) and the highestaCNR

along the budget constraint in the CR region. The CR outcome can be im-
plemented as long asp (0) is feasible along the budget constraint, i.e. ifCNR

g(L 2 l )> p (0). h0 CNR

 Proof: Proposition 3
If the budget constraint is tangent or intersects the lower boundary of the NC

region, the NC outcome can be implemented. Since it is associated with the
highest welfare gains, this is the optimal policy. If thea ( p) curve is alwaysNC

above the budget constraint, we have to choose between two possible outcomes,
CR and CNR. If a CNR outcome is implemented, we have to choosep 5 p and1

m
a 5a ( p ). The welfare gains areW 5NKdp a ( p ) /(11d ). The same levelBC 1 1 BC 1

29The casep 5 1, which would induce a corner solution atp 5 1, is not relevant as it would require1

a minimum team of infinite dimension.
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m mof welfareW can be obtained in a CR equilibrium settinga 5W /NK. Solving
for a we obtain

dp a ( p )1 BC 1m ]]]]a 5 (B.2)11d
mHence, the CR outcome induced by (a , p (0)) is welfare equivalent to theCNR

CNR outcome (p , a ( p )). To select one of the two outcomes, we need to check1 BC 1

whether the budget constraint passing through (p , a ( p )) allows to implement a1 BC 1
m mCR outcome preferable to (a , p (0)). If a ( p (0))>a , by moving intoCNR BC CNR

the CR region along the budget constraint we can implement (at least) an
equivalent CR outcome. This case is shown in Fig. 5, where the welfare level

M mW .W can be attained in the CR region. If on the contrary the budget
mconstraint passes belowa at p 5 p (0), the CNR outcome is preferred. Finally,CNR

the CNR outcome is selected if CR cannot be obtained, i.e. if the highest
probability g(L 2 l ) is lower thanp (0). h0 CNR

 Proof: Proposition 4
To find the conditions under which not revealing is an equilibrium, we have to

check two incentive constraints. The first requires that a firm prefers to collude and
not reveal rather than deviate, and is the same as in the benchmark case analyzed
in the first part of the paper. It amounts to the conditiona <a ( p). The secondNC

incentive constraint imposes that the firm, after having joined the cartel, prefers
not to reveal rather than reveal at the beginning of period 1, just before an inquiry
may be opened. Notice that if firms do not reveal and an inquiry is opened (with
probabilitya) during the same period, the prosecution stage will occur in the next
period with firms proved guilty with probabilityp; after two periods the game
restarts. Then, the value of the game if firms do not reveal is

2V ua 5P 1da [ p(P 2F )1 (12 p)P ] 1d(12a)P 1d V uaNR M N M M NR

5V (B.3)CNR

i.e. the value of the game is exactly the same that summarizes the expected value
of a CNR equilibrium. The value of the game if the firm reveals, breaking the
agreement, is

P dPN N
]] ]]V ua 5 2R,P 1 5V (B.4)R D D12d 12d

Hence, if the first incentive holds,V >V , the second constraintV ua >V uaCNR D NR R

never binds. h
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