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Abstract

Competition authorities around the world have implanted leniency programs with the
aim to detect and destabilise existing cartels and deter the formation of new ones. However,
the effects of leniency programs, as predicted by the theoretical literature, are ambiguous.
Therefore, scholars have developed theoretical models of cartel behaviour that provide em-
pirical predictions on the effectiveness of such programs. Empirical studies so far mainly
focused on the European leniency program and its US counterpart. This study evaluates the
Dutch leniency program by applying the theoretical models of Miller (2009) and Harring-
ton Jr. and Chang (2009) to a set of cartels, investigated and convicted by the NMa/ACM
between 1998 and 2015. The statistical tests are in accordance with the view that leniency
improves cartel detection and helps destabilising cartels. They also provide partial evidence
of enhanced cartel deterrence. Results may therefore help to justify the implementation of
the Dutch leniency program. Whilst this study is the first one on a national European le-
niency program, the aim is to offer incentives to further research other leniency programs,
implanted by individual European member states. The cross-sectional variation provided
by the leniency introduction at individual European member states is important to better
infer the causal effect of leniency and the different factors influencing its effectiveness.

JEL Classification: L1, L2, L4, L5
Keywords: leniency, competition, antitrust, collusion
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1 INTRODUCTION 1

1 Introduction

Antitrust policy aims to "increase the economic efficiency of markets by preventing firms from

unfairly limiting competition" (Council on Foreign Relations, 2014). Firms typically restrict

competition through collusive/cartel agreements. In a cartel otherwise independent firms act

as if they were a single producer and typically agree on prices or share markets. Such agreements

are illegal in the Netherlands since 1998 1.

Imperfect competition due to existing cartels imposes an important cost to society. The in-

centive of firms to innovate are reduced and overcharges imposed by cartel members increase

the dead weight loss and reduce consumer surplus. Therefore, destabilising cartels and deter-

ring anti-competitive market behaviour is important to increase competition again and move

towards an efficient and socially optimal market.

However, cartels are hard to identify by only observing market movements, since high price lev-

els and constant market shares are not enough to proof the existence of collusive agreements.

Therefore, competition authorities often rely on information on cartels, received through com-

plaints by rivals or customers. Another tool that may help the authorities to “fight” cartels are

leniency programs. Under a leniency program, firms may receive a fine reduction if they report

their cartel to the authorities. The aim of the program is to incentivise firms to stop colluding

and report their cartel.

On July 1st, 2002, the Netherlands Competition Authority (NMa) introduced its leniency pro-

gram, with the intent to detect existing cartels and deter the formation of new ones. Leniency

programs may help to "fight" cartels, as will be discussed in more details throughout the lit-

erature review. They may benefit society as a whole because the resources used to investigate

cartels may be saved if cartel offenders provide evidence of the cartels themselves (Motta &

Polo, 2003). Competition authorities have a limited budget that they may spend on the "fight"

against cartels. It is indeed very costly to assess the market and look for price movements that

could indicate the existence of cartels. If instead, firms report their cartel themselves competi-

1Collusion is illegal in the Netherlands as of 1st January 1998, the date the Dutch Competition Act (DCA) came
into force. The cartel prohibition is laid down in article 6 of the DCA. The DCA replaced the former Economic
Competition Act, "which used an abuse-based system that allowed collusive agreements to exist, in principle, un-
less there were grounds to prohibit all or any part of such agreements in the public interest" (Social and Economic
Council, 2013).
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tion authorities may save a lot of time and money. This time could then be used to investigate

and convict additional cartels. This would ultimately benefit society as more cartels can be

stopped and a more competitive market equilibrium with lower prices and more choice for the

consumer can be attained.

Furthermore, an investigation by the authority does not guarantee that all cartel activities will

be documented. Therefore, self-reporting may be important for the successful prosecution of

cartels. It can provide additional evidence on which a conviction and the total fine can be based

on (Motta & Polo, 2003).

However, recently, there has been increasing criticism from experts in the field arguing that

competition authorities nowadays rely too much on such leniency programs. Competition au-

thorities use too little pro-active detection tools, such as random audits and market assessments

followed by on-site firm visits (Newman, 2016; Kovacic 2016; OECD, 2013). Experts argue that

leniency cannot be effective without a strong and pro-active competition authority behind the

program. The effectiveness of leniency programs and the extent to which competition author-

ities can rely on them is a topic that is highly debated amongst scholars (See also Section 2 of

this paper: Literature Review and Contribution). This also provides the motivation behind my

thesis, which has the aim to evaluate the effectiveness of the Dutch leniency program.

This paper evaluates the leniency program of the Netherlands by looking at how the number of

discovered cartels and their respective duration changes after the leniency introduction. By ap-

plying different theoretical models, changes in these variables allow us to conclude on the cartel

detection and deterrence capabilities of the leniency program. The paper ultimately tries to an-

swer the question, whether leniency in the Netherlands is effective in the fight against cartels.

The paper proceeds as follows. Section 2 evaluates the theoretical and empirical evidence on the

effectiveness of leniency programs. It also describes what can be found in the literature about

different factors influencing the effectiveness of leniency programs. Section 3 describes the his-

tory of the Dutch leniency program and its subsequent revisions. In Section 4 the hypotheses

are developed. The data set is described in Section 5. Thereafter, the empirical framework is

described. Results are discussed in Section 7 and 8. The last section concludes.
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2 Literature Review and Contribution

This section evaluates what theory tells us about the effectiveness of leniency programs. It will

be concluded that the effects of leniency programs, as predicted by theory, operate in opposite

directions. The contradicting theoretical findings mean that it remains an empirical question

whether leniency is effective. After commenting on the different factors influencing the effec-

tiveness of leniency, this section therefore compares different empirical studies evaluating some

of the leniency programs that are currently in place.

2.1 What Theory Predicts - Opposing Views

Leniency programs seek to ex-ante deter cartel formation and ex-post detect, destabilise and

desist (i.e. break up) cartels. However, theory predicts that leniency might increase or decrease

cartel stability.

A number of theoretical studies show that leniency programs can be effective in destabilising

cartels. Harrington Jr. (2008) explains how leniency lowers the expected penalty for a leniency

applicant and therefore increases the incentive to break up and report a cartel. A prisoners’

dilemma situation is created among cartel members that drives them to confess in equilibrium

in order to be the first one to profit from a fine reduction. This destabilising effect of leniency

is called "run to the court effect". Under a leniency program, the first leniency applicant is

generally awarded a fine reduction up to a 100%, while later applicants can only be granted

partial immunity. Such a fining scheme creates an incentive for the cartel members to be the

first to report the cartel. Depending on the magnitude of the fine reduction awarded to each

subsequent leniency applicant, the "run to the court effect" can be stronger.

Spagnolo (2004) investigates, in a repeated game, how leniency might increase the short-term

deviation profits, which further destabilises existing cartels. To be precise, he assumes that de-

viating from and reporting the cartel results in a lower expected fine than if one only deviates.

In the former case, the firm would be assured immunity, or at least a significant fine reduction,

by reporting the cartel to the authorities. However, in the latter case, the firm still faces the risk

to be fined for participating in the cartel even after it deviated. Whilst the benefit of deviating

remains the same, the potential cost is lower if one can also simultaneously report the cartel.
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This increases the incentive to deviate once a leniency program is in place.

Ellis and Wilson (2003) provide further evidence on how leniency may decrease cartel stability.

They show that the reporting firm may gain a competitive advantage, which increases its in-

centive to deviate and report the cartel. The idea is that once the cartel has been reported, the

fines and compliance cost of cartel members increase. The compliance cost in this case mainly

represents the cost incurred from introducing internal mechanisms that ensure future compli-

ance with the competition law. This results in higher (marginal) cost for the firms. However, the

reporting firm will receive a lower fine or even benefit from immunity. Therefore, the reporting

firm will profit from a relative strengthening of its (marginal) cost as compared to those of its

cartel partners, who do not benefit from leniency. This increases the incentive to report the car-

tel in order to gain a relative cost advantage (i.e. in form of a lower fine and/or lower compliance

costs) over the other cartel members, who become direct competitors again once the cartel has

been reported and stopped.

In contrast to the above findings, Harrington Jr. and Chen (2007) show that leniency might in-

crease cartel stability. Using a model that allows for endogenously changing detection proba-

bilities, they show that leniency programs may increase cartel stability if they do not limit fine

reductions to the first applicant. This is due to the fact that leniency lowers the expected fine and

therefore the future expected penalty from colluding. Thereby, it increases the expected profit of

continuing a cartel, leading to more stable cartels (see also Motchenkova, 2004 and Harrington

Jr., 2008).

These ambiguous effects are also underlined by Motta and Polo (2003). The authors show that

leniency may increase the formation rate of cartels. They explain that, with the option of ap-

plying for leniency, the future expected fine of participating in a cartel is reduced. The cartel

member now has the option to cooperate with the authorities and receive a fine reduction if the

risk of getting detected becomes too high (i.e. due to an exogenous increase in the probability

of detection), or even if the cartel investigation by the authorities already started. Being aware

of this option, the firm will incorporate this when deciding whether to form a cartel or not. With

the leniency option, the expected fine is lower and the expected net benefits of forming a car-

tel are higher as compared to the situation in which no leniency program exists. Consequently,

leniency might increase the cartel stability and formation rate.
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A last explanation on how leniency might increase cartel stability is provided by Gray, Nguyen

and Wait (2013) and Spagnolo (2004). In their theoretical model, they show that a leniency policy

can be used to punish a deviator that did not report the cartel. To be precise, they show that the

cartel ruler might "run to the court" to report the cartel once a member deviates. The initial de-

viator might then still be punished by the competition authorities for participating in the former

cartel. Such a threat by the cartel ruler is credible because he can typically profit from fine im-

munity by being the first to report the cartel. Additionally, he could provide information to the

authorities that is especially harmful to the initial deviator. This threat makes deviation costlier

and relaxes the condition for cartel stability. Ellis and Wilson (2003) further support this view by

introducing a theoretical model in which "squealing" (deviating and reporting simultaneously)

is used by the remaining cartel members as a punishment for the deviating firm.

Overall, the effects operate in the opposite directions. It is not clear from the theoretical liter-

ature which of the effects dominate. Hence, the theory does not provide a definite answer on

the effectiveness of leniency. It is thus of major importance to further research the effects of

leniency programs and it is an empirical question if leniency effectively reduces cartel stability

and formation.

2.2 Factors Influencing the Effectiveness of Leniency Programs

Before connecting the theoretical and the empirical findings, it is important to look at the dif-

ferent factors that may influence the effectiveness of leniency programs.

As already mentioned, different fine reduction schemes may affect the impact of a leniency pro-

gram. Theory predicts that if the potential reduction of fines for the second and subsequent

applicants become more restricted, the leniency program may be more effective in destabilis-

ing cartels. This is due to the increase in the “run to the courthouse effect”. Cartel members face

a prisoner dilemma in which they have an incentive to run to the court and report their cartel

in order to avoid a higher penalty. With a "steeper" fining scheme, each subsequent leniency

applicant faces a smaller fine reduction and consequently a higher penalty (see also Harrington

& Chang, 2009). This increases the incentive to "run to the courthouse" before others do.

On the other hand, referring back to Ellis and Wilson (2003), leniency for the second reporter

only dilutes the market advantage enjoyed by the first one. To be precise, the competitive cost
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advantage (i.e. the relative lower fine received through leniency) gained over the second ap-

plicant is reduced. Thereby, it makes initial reporting less attractive. This further speaks for

a "steep" fining scheme, which might even fully restrict any fine reduction for subsequent re-

porters. However, the authors add that It might be worth decreasing the initial incentive to

report if, in return, the probability of a successful prosecution sufficiently increases with the

additional information provided by subsequent applicants.

There are also numerous other factors that influence the effectiveness of a leniency program.

For example, the way a competition authority works and fines in absence of such a program.

Hence, whether the competition authority gives severe fines and if it is active in doing random

audits and market assessments followed by on-site firm visits. This can strongly impact the ef-

fectiveness of a leniency program. The absence of such pro-active behaviour by the competition

authority may even cause the leniency program to increase, rather than decrease, cartel stability.

An important contribution on this topic is provided by Aubert et al. (2006). Aubert et al. (2006),

show that leniency does not influence the profitability of collusion, but only affects its sustain-

ability. This works by giving deviating firms the possibility to avoid fines from competition au-

thorities. Consequently, leniency programs can only be effective when the expected fine the

firm may avoid through leniency is significantly high. When the expected fine would be low

anyways, the firm would have no significant incentive to avoid it. The expected fine for a cartel

member increases both with the fine amount and the detection probability. A strict and ac-

tive competition authority (i.e. one that regularly performs random audits) behind the leniency

program is thus key for the program’s effectiveness.

Further contribution on how competition authorities should fine is offered by Bruneckiene et

al. (2015). In their book, the authors critically reflect on the economic efficiency of cartel fines

imposed by competition authorities. They reviewed the literature on the theoretical concept

of optimal fines, and come to a consensus that fines imposed by competition authorities are

possibly too low. They argue that there is a mismatch between the concept of optimal fines

and the fine calculation methods used by competition enforcers (see also Bolotova and Connor,

2008). According to the authors, fines should be determined by including the 3 different roles

of fines. Fines should be set according to their compensating and deterrence capability. Hence,

an optimal fine should not only compensate the overcharged consumer, but it should also be
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set high enough to effectively eliminate the incentive of firms to form a cartel in the future.

Lastly, fines should also be set in order for the cartel members to have an incentive to self-report

(and provide information) to the competition authorities (OECD, 2002). The consensus of the

book is that this last role is often not included in the fine calculation of competition authorities.

However, an optimal sanction should include this last component and the fine should be set

according to the "carrot and stick" approach (see also Abreu, 1988). The idea is that the stick,

representing the total possible sanction (i.e. fine) should be sufficiently high to give a significant

effect to the possibility of avoiding that fine (i.e. through leniency = effect to the carrot). Hence,

the general consensus supports the idea that fines by the competition authorities should be high

in order to incentivise colluding firms to apply for leniency.

Allain et al. (2015) also add that the determination of the optimal deterrence fine level, hence

the fine level that effectively eliminates cartel formation, should always be done in perspective

of the best combination of policy instruments. Leniency programs are likely to affect the opti-

mal deterrence fine level because leniency affects cartel stability and formation. On the other

hand, the deterrence fine also affects the effectiveness of the leniency program by altering the

expected fine for colluding. Hence, one should always find the best combination of the two

interdependent instruments.

Overall, the lesson learned from these last five paragraphs is that a leniency program should

not be used as a "compensating instrument" for the lack of effective enforcement of authori-

ties, but it should be used to complement and further strengthen an established competition

enforcer. A leniency program can only work if firms sufficiently fear the competition authori-

ties (i.e. through a high expected fine). It was established that severe fines, random audits and

market assessments followed by on-site firm visits all help to increase the expected fine for col-

luding 2. Only with such pro-active behaviour by the competition authorities, the expected fines

for colluding firms are high enough to give those firms an incentive to apply for leniency. On the

other hand, we saw that if the expected fine for colluding is very low, firms lack the incentive

to apply for leniency. This is because there is no significant effect to the possibility of avoiding

2One should notice the importance of actively assessing complaints of rivals and consumers/customers. The
exchange between the competition authorities and the public plays an important role in the fight against cartels.
It is important that complaints are taking into consideration and followed by extensive market assessments and
on-site firm visits. This will help to increase the expected fines for colluding firms.
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that fine. Hence, a leniency program can be very efficient with a strong pro-active competition

enforcer. In this case, the leniency program can be an important instrument and may help to

further strengthen the competition enforcers. However, once a competition authority relies too

much on leniency and reduces its pro-active behaviour, leniency will become ineffective. Le-

niency cannot compensate for the lack of pro-active enforcement of the competition law. One

should thus always make sure that leniency is accompanied by a pro-active detection strategy

(including market assessments followed by on-site firm visits) of the competition authority. This

also explains the emergence of recent critics, arguing that competition authorities nowadays

rely too much on leniency programs and should increase pro-active detection (Newman, 2016;

see also introduction).

The paper by Aubert et al. (2006) also explains an additional way how the impact of a leniency

program can be improved. Namely, by extending leniency to individuals if collusion is a criminal

offence for which these individuals can be convicted.

Aubert et al. (2006) show that a whistleblowing program that offers positive rewards (bounties)

to employees reporting incriminating evidence can be more effective than a full corporate le-

niency program 3. The idea is that if there exists a whistleblowing program that offers positive

rewards, firms may have to bribe their employees, such that these do not disclose information

to the competition authorities. Such bribing is costly and makes collusion less sustainable. In

their model, the authors show that having to bear the cost of such bribing destabilises cartels

even more than a full corporate leniency program. However, the main conclusion of their paper

is that combining corporate leniency with an individual reward system is more effective than

each program alone. More generally, this also holds true when corporate leniency is combined

with a program that "only" shields employees from individual sanctions (i.e jail) instead of giv-

ing them positive rewards in form of bounties. Hence, in a situation in which corporate leniency

is combined with leniency for individuals.

The mechanism works as follows. If collusion is a criminal offence for which individuals can

be convicted, the firm has to compensate (similar to a bribe) employees for the juridical risk

to which they are exposed. If leniency is then extended to individuals, the deviating profits

3 Note that in contrast to most other studies, including my study on the Dutch leniency program, the authors
here formally distinguish between firm and individual leniency. Corporate leniency refers only to leniency for firms.
A full corporate leniency program is one that grants up to full fine immunity for firms, but no positive rewards.
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are higher as compared to the situation in which leniency only exists for firms. It was already

established how leniency may increase the deviation profits by reducing the expected fine for

a firm. Deviating profits for the firm increase even further with the option to simultaneously

apply for individual leniency. By applying simultaneously for individual leniency, the firm can

reduce employee compensation because employees are now also shielded from the juridical

risk. A firm when deviating therefore gains more when it can apply for firm and individual le-

niency together. The firm now not only avoids the probability of getting fined (in the future)

but can also reduce employee compensation (no need to bribe anymore). The latter effect adds

to the former, further increasing deviating profits and thereby also the incentive of cartel mem-

bers to deviate and report the cartel. Leniency programs are therefore most effective if they are

extended to individuals.

According to Bruneckiere and Pekarskiene (2015), the ideal sanction system should include both

monetary and non-monetary sanctions (i.e. jail) and be focused on both corporations and in-

dividuals. In such a sanction scheme, in which also individuals can be convicted, the leniency

program should be extended to individuals. Firms would otherwise be reluctant to apply for

leniency because employees/managers would not be shielded against possible sanctions, such

as prison sentences, which might cause the firms to lose some of their key employees.

The last important factor that influences the effectiveness of a leniency program is how ringlead-

ers are treated with respect to leniency. According to the European Commission, a ringleader

can either represent the instigator of the cartel or the leader who proactively leads and enlarges

the cartel ( European Commission, 2006). Some leniency systems are more favourable than

others towards fine reductions for ringleaders. For example, the European Leniency Program4

offers fine reductions and even full immunity to ringleaders, whilst this is not possible under

the US leniency program5. Theoretical literature is not quite clear on whether the inclusion of

ringleaders in leniency increases or decreases the effectiveness of the program.

Leslie (2006) clearly argues in favour of including leniency for ringleaders. According to the au-

4In the revised European leniency notice of 2002, fine immunity for ringleaders was introduced. The European
Commission became more favourable towards ringleaders, who can even apply for fine immunity provided that:
"the undertaking did not take steps to coerce other undertakings to participate in the infringement" (European
Commission, 2002)

5Under the US leniency program, fine reduction is only granted to a ringleader if there is more than one
ringleader and the first leniency applicant is one of these ringleaders. Single ringleaders are not being granted
amnesty.
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thor, including everyone in leniency maximizes distrust among all cartel members. Knowing

that each member, including the ringleader, can report and profit from a fine reduction inten-

sifies the prisoner dilemma situation. Additionally, excluding the ringleader from leniency, ul-

timately makes the ringleader a more credible partner because he has no reason to report the

cartel.

Bos and Wanschneider (2011) also predict that ringleader’s exclusion from leniency can have

adverse effects. It leads to an increase in cartel prices if the following conditions are met. Firstly,

the joint profit maximum cannot be sustained under a non-discriminatory leniency program.

Secondly, cartel fines depend on individual collusive profits in a nonlinear way, and lastly, cartel

members have to be heterogeneous in size.

To be precise, the authors show how ringleaders’ exclusion from leniency tightens the incentive-

compatibility-constraint (ICC) of ringleaders6 whilst it loosens the ICC of the other members7.

The authors establish in their model that the largest firm has the tightest ICC when the fining

scheme is convex to the firm size, the smallest firm has the tightest ICC when the fining scheme

is concave to the firm size and when the fining scheme is linear all firms have the same ICC.

Consequently, If the fining scheme is convex, excluding the ringleader from leniency loosens

the tightest ICC when the ringleader is not the largest firm. Reversely, if the fining scheme is

concave, excluding the ringleader from leniency loosens the tightest ICC when the ringleader

is not the smallest firm. A cartel that could not be sustained under the non-discriminatory le-

niency program could then be sustained under the discriminatory program. This is because the

tightest ICC, the one that has to be satisfied to sustain collusion off all members, is loosened.

The transition to a discriminatory leniency program could then help to sustain collusion and

high prices. Only if the fining scheme is linear (or all firms are sufficiently homogeneous in size)

the ringleader’s exclusion will lead with certainty to a tightening of the tightest ICC (all firms

face the same ICC).

Lastly, Herre et al. (2012) find ambiguous results of excluding ringleaders from leniency. Their

theoretical model explores the deterrent effect of ringleader’s exclusion from the leniency pro-

6The ringleader cannot run to the court to apply for leniency, while the other members have this option. This
makes collusion for the (from leniency excluded) ringleader less attractive/sustainable. Hence, it tightens his ICC

7Regular cartel members are more likely to win the "race to the courthouse" because they don’t have to compete
against the ringleader. This is an additional benefit which makes collusion more attractive. Hence, it loosens the
ICC of regular cartel members.
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gram by allowing the probability of conviction to vary exogenously. In their model, they show

that if there is a relatively small probability of conviction, a non-discriminatory leniency pro-

gram is preferred. The extra evidence that may be provided by the ringleader can be crucial for

a successful cartel conviction.

On the other hand, if the ex-ante probability of conviction is relatively high the authors conclude

that it is optimal to exclude ringleaders from leniency. The additional information that could

be provided by the ringleader cannot considerably increase the conviction rate anymore. Ex-

cluding the ringleader from leniency then only has the effect to increase the asymmetry among

firms. Such increased "asymmetry" among cartels members increases the chances that some

profit a lot from the cartel while others only profit marginally. However, in order to sustain col-

lusion everyone should have the incentive to collude, also those profiting the least. If increased

"asymmetry" between firm leads to lower collusive gains for those profiting the least, the cartel

becomes more difficult to sustain. Hence, when excluding ringleaders from leniency does not

lead to a significant loss in the conviction rate, it may be worthwhile to exclude ringleaders.

According to Herre et al. (2012), it thus depends on the ex-ante probability of conviction, hence

the effectiveness of the competition authority, whether one should exclude ringleaders from le-

niency or not. If the competition authority is likely to detect and convict cartels without the help

of additional information from ringleaders, it may be worthwhile to exclude them. However, if

the ex-ante probability of conviction is low, the additional information from ringleaders might

be essential for a successful conviction.

2.3 Empirical Evidence

Keeping in mind what the theoretical literature taught us about leniency, it becomes interesting

to compare the empirical findings on the effectiveness of different leniency programs.

Empirical studies on collusion face the common difficulty that all active cartels are never ob-

served in the data. Consequently, it is difficult to evaluate the effectiveness of leniency pro-

grams and one has to draw conclusions from a limited sample of cartels. Empirical research on

leniency deals with that problem by setting up theoretical models which allow to draw conclu-

sions on the program’s effectiveness by observing only discovered cartels. The findings thus rely

on the credibility of the assumptions behind the theoretical models.
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The empirical evidence on the effectiveness of leniency has been growing but there remain fur-

ther areas to research, especially on the effectiveness of leniency programs introduced at indi-

vidual European member states. So far, the main empirical studies on leniency focus on the

European Leniency Program and its US counterpart.

The first study on the European Leniency Program, adopted in 1996, was conducted by Brenner

(2009). The author uses a sample of 61 cartels, investigated and convicted by the European

Commission between 1990 and 2003. The study focuses on two different effects of the leniency

program.

In the first part of his study, Brenner evaluates if the introduction of the leniency program re-

sulted in more information on cartels being revealed. Additionally, he analysis whether the in-

troduction of leniency lead to a decrease of the investigation and prosecution cost. The collected

data indeed confirms that more information is revealed and that investigation cost, measured

by the duration of the cartel investigation, decreases after the leniency introduction. To be pre-

cise Brenner finds that, after the implementation of leniency, the average cartel investigation

duration decreases by roughly one and a halve years. In the second part of his study, the author

focuses on the effect of the leniency program on formation and stability of cartels. By observing

the time pattern of discovered cartels he cannot conclude that the leniency program deterred

collusion (by applying the theoretical approach of Miller, 2009). Additionally, using a hazard/-

duration model (see also footnote 10), he finds no evidence that the probability of stopping

collusion changes after adopting the leniency program (by applying the theoretical approach of

Harrington Jr. & Chang, 2009). Overall, his empirical results suggest that the initial European

leniency notice was not effective enough to deter collusion and destabilise cartels. Brenner ar-

gues that the increase in cartel discoveries, observed after the adoption of the leniency program,

could be due to an exogenous change in the economic environment and is not necessarily re-

lated to the introduction of the leniency program.

The finding that the European leniency program was ineffective is also supported by De (2010).

Using a sample of cartels convicted by the European Commission during the years 1990 until

2008, De finds no evidence that the introduction of the program increased cartel duration of

discovered cartels in the short run. He concludes that the observed pattern of cartel duration of

discovered cartels is not in line with the one of an effective leniency program, based the theo-
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retical model of Harrington Jr. and Chang (2009).

According to Harrington Jr. and Chang (2009), an effective leniency program should lead to an

increase in cartel duration of discovered cartels in the short run (after the leniency introduction).

In the long run, cartel duration might go up or down. The intuition is that once leniency is in-

troduced all marginal, short-lived cartels will directly break-off. Marginal cartels are short-lived

cartels that are only marginally stable and on the verge of breaking up. These will immediately

dissolute if an effective leniency program (i.e. one that helps destabilising and detecting cartels)

is introduced. Hence, only the more stable (longer-lived) cartels will remain and the average

duration of discovered cartels will mainly come from these more stable cartels. This increases

the average duration of discovered cartels in the short run after the leniency introduction. In

the long run, there are 2 opposing effects. On the one hand, the marginal cartels that collapsed

due to the enhanced detection will not form in the first place. This increases average cartel du-

ration of discovered cartels. On the other hand, the destabilising effect of the leniency program

decreases the average duration of the longer-lived cartels, which per se decreases the average

duration of discovered cartels. Average cartel duration of discovered cartels can thus go up or

down in the long run. The intuition and underlying assumptions behind the theoretical model

of Harrington Jr. and Chang (2009) are discussed in more detail in section 4.

The study by Zhou (2013), in contrast to the ones by Brenner (2009) and De (2010), finds evi-

dence that the European leniency program was effective in deterring and destabilising cartels.

However, it is important to notice that Zhou mainly focuses on the revised European leniency

program of 2002, whilst De and Brenner focus on the initial European leniency program, in-

troduced in 1996. Using a hazard model, Zhou finds that once the revised leniency program is

introduced, the average cartel duration of increases in the short run and decreases again in the

long run. This time pattern of cartel duration of discovered cartels is in line with an effective

leniency program according to the theoretical model of Harrington Jr. and Chang (2009).

The difference results of the studies conducted by Brenner (2009) and De (2010) as compared to

the one conducted by Zhou (2013) could be explained by the different assumption behind their

models. The study of Zhou differs from the one conducted by De and Brenner in the way they

differentiate between the short-run and long-run effects of the leniency program. Brenner for

example, endogenously determines the short-run period to be three years. Zhou on the other
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hand, formally differentiate the impacts by the starting date of cartels. The short-run impact

is evaluated with the use of the data on cartels that formed before, whilst the long-run effect is

evaluated with data on cartels that formed after the implementation of the leniency program.

However, Zhou also uses a longer and more recent data set (1985-2012). As mentioned above, he

mainly evaluates the effectiveness of the revised European leniency program of 2002, whilst the

focus of De and Brenner lies on the initial European leniency program of 1996. One of the major

changes of the revised leniency program of 2002 was that the European Commission (EC) no

longer had the power to alter the size of the fine for the first applicant8. Additionally, the max-

imum percentages of fine reductions granted to subsequent applicants (Second and following

ones) under the new leniency guidelines were lower than under the initial ones (European Com-

mission, 2002). By referring back to the discussion of the impact of the fine reduction scheme

on the effectiveness of leniency, one can find a possible explanation why the revised leniency

program proved to be more effective. The increase in effectiveness of the leniency might be

explained by the "steeper" fining scheme, increasing the "run to the court effect". Assuring im-

munity to the first applicant most likely had the biggest impact.

The results of all three studies are robust when allowing for changes in the model specifica-

tion. They also control for various factors in their regressions, such as changes in GDP, funds

assigned to the competition enforcer and the fine level. However, the studies are mainly time-

series studies and therefore very sensitive to the exogenously changing, economic environment.

The regressions of Brenner (2009) and De (2010) are basically single time series with exogenous

policy changes (i.e. the EC’s 1996 leniency introduction). Zhou (2013), in contrast, uses both

the EC and the US Department of Justice (DOJ) data for which similar leniency programs are in

place. The analysis using the DOJ data finds that the US leniency program, which is comparable

to the revised European leniency program of 2002, also increased cartel duration of discovered

cartels. This underlines his finding that the effect on cartel duration is caused by leniency rather

than by exogenous events. Such cross-sectional robustness checks increase the reliability of his

estimates. This speaks for the validity of the results of the study conducted by Zhou.

However, also Zhou mentions that in the future, additional cross-sectional variation provided

8Immunity is granted to the first applicant under the condition that he provides sufficient additional information
and "did not take any steps to coerce other undertakings to join the cartel or to remain in it" (European Commis-
sion, 2002).
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by the recent introduction of national European leniency programs may help to better infer the

causal effect of leniency. By looking whether similar leniency programs at the national level have

the same effect on cartel duration as the European leniency program, the validity of the results

can be improved. Additionally, the cross-sectional variation might help to deal with common

exogenous events affecting cartel discoveries. By comparing cartel discoveries of European na-

tional competition authorities and of the EC over time, one can correct for common trends and

outside events which mutually affect cartel discoveries across Europe. This can help to find the

real causal effect of leniency on cartel duration. Nevertheless, it should be mentioned that all

three studies already partly correct for exogenous changes throughout time by adding the earlier

mentioned controls in their regressions.

Lastly, one should notice that all three studies rely on the validity of their identification strategy

when inferring information from observed cartels to all active ones (also unobserved ones). For

correct inference discovered cartels have to be characteristically representative of all cartels.

Zhou (2013) assumes that all cartels are detected with an equal probability. Hence, on average

discovered cartels will be representative of all cartels.

Before proceeding with this paper, it is important to further address the concerns as to what ex-

tent information on discovered cartels can be representative of all existing ones. The empirical

studies covered so far use theoretical models which enable the authors to assess the effective-

ness of leniency programs solely by observing discovered cartels. Scholars have been question-

ing to what extent information retrieved from discovered cartels can be used to gain knowledge

about all existing cartels, including those who are not observed.

Recent work by Harrington Jr. and Wei (2015) provides evidence on the potential bias of using

information on cartel duration from discovered cartels, as an approximation for all cartels. The

authors first use a theoretical model in which all cartels are subject to the same death and dis-

covery process. The average duration of discovered cartels is then equal to the average duration

of all cartels and the bias is non-existent. Under the assumption of Zhou (2013), that all cartels

are detected with an equal probability, resulting estimates will also be unbiased. However, if we

relax the assumptions and allow the collapse and discovery probability to vary across cartels,

then a bias may exist. According to the model of Harrington Jr. and Wei (2015), the bias remains

small ranging from 10% to 15% difference in cartel duration. This bias can be over- or underesti-
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mated depending on whether the variation of collapse or discovery probabilities is dominating.

The authors conclude that, if we allow for realistic variation of discovery and death probabilities

across cartels (i.e. due to differences in the number of firms participating in a cartel), a bias may

exist. However, this bias is small and estimates of the cartel duration from discovered cartels still

offer a good approximation of the duration of all existing cartels. The validity of the estimates

using cartel duration from discovered cartels, as a proxy for all cartels, could nevertheless be

further improved by creating models that endogenise discovery and collapse probabilities.

Turing to the evidence on the effectiveness of the US leniency program, the main contribu-

tion comes from Miller (2009). In his paper, Miller constructs a theoretical model of cartel be-

haviour that deals with the issue, prevailing in all empirical studies on collusion, that all ac-

tive cartels cannot be observed. The model describes how changes in the cartel formation and

discovery rate influence the time series of cartel discoveries. The effectiveness of a leniency

program can then be estimated by only looking at the number of discovered cartels. An imme-

diate increase in cartel discoveries following a leniency innovation, i.e. a revision of the leniency

guidelines, is consistent with an increased detection rate, and a successive readjustment below

pre-innovation values is consistent with increased cartel deterrence. The idea behind the model

is that the number of expected cartel discoveries increases immediately after the innovation (i.e.

the introduction of a leniency program or a revision of the leniency guidelines) because of the

rise in the detection rate. However, in the long term, the enhanced detection and decreased

cartel formation rate reduces the number of active cartels. Consequently, cartel discoveries fall

again. Cartel discoveries fall under the initial pre-innovation values because the decrease in

the cartel formation rate is sufficiently strong. The intuition and assumptions of the theoretical

model of Miller (2009) are discussed in more detail in section 4.

Miller (2009) uses a sample of 342 cartels filed by the DOJ between 1985 to 2005. With the help

of the data on discovered cartels, he concludes on the effectiveness of the "new" US leniency

program, introduced in 1993. Using time-series data, he provides empirical evidence on the ef-

fectiveness of the leniency program. To be precise, the author shows that cartel discoveries rise

significantly immediately after the introduction of the leniency innovation. In the long run then

cartel discoveries fall below pre-innovation values. According to his theoretical model, this pat-

tern of cartel discoveries is consistent with improved cartel detection and deterrence. The latter
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dominating the former in the long run, leading to a significant decrease in cartel discoveries

below initial pre-leniency levels.

The study by Miller uses quite a substantial data-set and runs several robustness checks on var-

ious changes in the model specification, and additionally checks for anticipation effects of car-

tels. Nevertheless, results should be interpreted carefully. One of the reasons is the lack of cross-

sectional variation in the data. Indeed, some small endogeneity bias could remain. There could

be exogenously determined events, outside the model, that affect the time series data of dis-

covered cartels. The author partly controls for such outside events by controlling for changes in

GDP, funds assigned to the enforcement authorities and by looking whether alternative break-

points better fit the data. The inclusion of controls and the various robustness checks speak for

the internal validity of the study. Nevertheless, there remains some possible room for improve-

ment by providing additional cross-sectional variation to further increase the reliability of the

results of this study.

However, the big question remains why the "new" US leniency program seems to perform so

much better than the in 1996 introduced European counterpart, evaluated by Brenner (2009)

and De (2010). An explanation can be found by having a closer look at the two leniency pro-

grams. The main differences between the initial European leniency program and its US coun-

terpart from 1993 are the following. The modified US leniency program already offered full im-

munity if a firm "reported an antitrust violation before an investigation began or before the

government had sufficient evidence to prosecute a case" (Irvine, 2003). This was not the case

for the initial European leniency program, which did not assure complete amnesty for the first

applicant. Moreover, the European leniency program was less restrictive to later applicants.

Hence, referring back to theory, the US fine reduction scheme being "steeper" has the effect of

increasing the "run to the court effect". Here again, the difference in the effectiveness of the two

programs could be explained by the different fine reduction schemes.

An additional difference between the US and the "initial" European leniency program is that

collusion in the U.S. is a criminal offence for which also individuals can be convicted, and le-

niency is extended to include individual sanctions. In Europe however, individuals did not face

this risk, and there existed no leniency for individuals 9. As already mentioned, theory predicts

9Notice that some member states of the European Union introduced criminal cartel offence for individuals.
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that extending leniency to individuals increases the program’s effectiveness (see Aubert, 2006).

This is thus also in line with the finding that the US leniency program is more effective than its

European counterpart, introduced in 1996. Overall, the empirical finding that the US leniency

program is more effective than the "initial" European leniency program, can be explained by

the differences in the specifications of these programs. One should notice that the revised Eu-

ropean leniency guidelines of 2002 adapted to the US leniency program with respect to the fine

reduction scheme. Zhou (2013) is the first study that provides evidence of the efficacy of the

European leniency revision.

Another contribution on the effectiveness of the Korean leniency program is provided by Choi

et al. (2014). In their paper, the authors apply a semi-parametric hazard model 10to a sample

of 619 cartels, investigated and convicted from September 1981 to July 2012 by the Korea Fair

Trade Commission (KFTC). The study evaluates how leniency influences the discovered cartel’s

characteristics. Estimation results show that the cartel hazard rate decreases and hence the

average cartel duration increases shortly after the leniency introduction. In the long run, the

hazard rate increases and therefore the duration of discovered cartels decreases again. This

pattern is again in line with the theoretical prediction of an effective leniency program according

to Harrington Jr. and Chang (2009). The study by Choi et al. (2014) is one of the first studies

on leniency programs of eastern countries. Studies until then were mainly based on western

leniency programs. This study made it possible to compare western leniency programs to those

in the eastern countries in terms of effectiveness and differences in the fine reduction scheme.

The study includes control variables, such as the GDP growth, the interest rate, the fine level and

also controls for industry-fixed effects. Additionally, the findings are robust to changes in the

model specification. These include changes in the short and long-term duration, changes in the

logarithm specification of variables and also whether estimation results are based on either total

fines by the KFTC or the cartel specific fines. However, the time-series data remains, although

only limited, subject to uncontrolled outside events which could influence the average duration

of cartels over time. Some cross-sectional variation is advisable as there always remain factors

These also include the Netherlands, which ,shortly after making collusion a criminal offence, extended leniency to
individuals (see section 3 for more details).

10In statistics, hazard models are a class of survival models. They account for the time that passes by before
a specific event (i.e. cartel collapse) occurs. An increase in the hazard rate decreases the time before the event
occurs.
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outside the model that were not corrected for. Overall, the results of this study are still very

credible and provide us with further evidence of the effectiveness of leniency programs.

One last contribution comes from Gray, Nguyen and Wait (2013). In their paper, the authors

evaluate the impact of the Australian ‘Leniency Policy for Cartel Conduct’. The program was

introduced in June 2003 by the Australian Competition and Consumer Commission (ACCC).

This leniency program is only limited to the first applicant and offers immunity, provided that

the authority has not commenced the prosecution. Later applicants, however, may still apply

for fine reductions under the cooperation policy. The author conducts a research on a purely

theoretical basis. Their theoretical model on cartel behaviour provides further insight which

factors of the Australian leniency program effectively tightens the condition required to sustain a

cartel. The authors find that the introduction of the leniency program can act to deter collusion.

They also find that, compared to the leniency program alone, the use of both the leniency and

cooperation policy is less effective 11. Adding the cooperation policy, in which the ACCC also

reduces fines to subsequent applicants, weakens the constraint that has to be satisfied in order

for a cartel to be stable. Thereby, it reduces the effectiveness of the leniency program. This

finding supports earlier findings that a "steep" leniency scheme, with more restrictive (or even

without) fine reductions for later applicants, is preferred. Overall, the authors conclude that the

Australian leniency program can deter collusion. However, it would be more effective in absence

of the cooperation policy.

3 History of the Dutch Leniency Program

Turning to leniency in the Netherlands, this section summarises the history of the Dutch le-

niency program introduced by the NMa on July 1st, 2002. This also includes the subsequent

leniency revisions of 2007 and 2014.

Cartels have only been illegal in the Netherlands since the introduction of the Competition Act

in 1997 (see footnote 1 for more details). The initial leniency program was introduced 4 years

later. Under the initial guidelines of 2002, the program already complete immunity to the first

leniency applicant, under the condition that the NMa had not yet commenced an investigation

11The adverse effects of adding the cooperation policy to the leniency program should not be confused with
earlier findings that leniency is more effective, if it is extended to individuals.
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into the cartel in question (see "Category A" Table 2). Even after the NMa had commenced an

investigation, an undertaking, which was the first to provide information on a cartel, may have

been eligible for immunity. However, such an applicant fell under "Category B" and his fine

may have been reduced by 50% up to a maximum of 100% (see Table 2). Additional condition

for such fine reductions were that the undertaking provided the NMa with sufficient informa-

tion to enable a conviction and prove an infringement of the Competition Act. Additionally, in

order to fall under "Category B" the applicant was not allowed to have practiced any coercion

towards other members of the cartel. Coercion means to actively threaten or compel any other

firm to be part of the cartel. Any subsequent leniency applicant, or if the applicant was first but

had practiced coercion, was "only" qualified for a fine reduction ranging from 10% up to 50%

("Category C"). The condition to obtain such a fine reduction was relatively simple. The appli-

cant had to provide information which could be used as evidence by the competition enforcer

to prove the existence of the cartel. The level of the fine then varied "according to the stage of

investigation at the time of application and the quality of the additional information provided"

(NMa, 2002).

The aforementioned guidelines were re-evaluated and the revised guidelines were introduced

on October 1st, 2007. These guidelines came as a respond to the in September 2006 introduced

European Competition Network (ECN) Model Leniency Program. The Model Leniency Program

(MLP) was introduced by the European Commission, with the intention to harmonise the differ-

ent national European leniency programs. The idea of the program "is to harmonise those rules

and procedures that could deter applicants from reporting cartels". The program introduced "a

uniform summary application filing system that facilitates the task of applicants and authorities

in those cases where the co-existence of different programmes still led to inefficiencies" (Gauer

& Jaspers, 2007). On the basis of the agreement between the competition authorities being part

of the ECN, the national competition authorities try to align their leniency rules as much as pos-

sible with the MLP. However, they are not legally obliged to fully adapt their national leniency

program to the Model Program. "They are free, on the basis of the agreement, to deviate" from

the aforementioned model "in their national leniency rules to the advantage of leniency appli-

cants" (The Minister of Economic Affairs, 2014). The harmonisation envisaged by the MLP of

2006 was realised in the Dutch revised leniency guidelines of October 2007.
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The "basic system" of the revised Dutch leniency program of 2007 is summarised in table 1.

When comparing the revised guidelines with the old ones, the "basic fine reduction system"

did not change substantially. The only difference is that under the revised guidelines applicants

that fall under category B are granted fine reductions ranging from 60% to 100%. Under the

initial leniency guidelines of 2002 such applicants received fine reductions ranging from 50%

to 100%. Moreover, the range of the fine reduction for any applicant other than the first one

("Category C") was reduced from 10% to 50% under the old guidelines, to only 10% to 40% under

the revised ones. Overall, the fine-reduction system did become slightly "steeper" with respect

to subsequent applicants. Other than this, the "basic system" did not differ from the old one.

Table 1: Basic system of the revised 2007 leniency guidelines

Source: NMa (2007)

However, there were other major changes in the revised guidelines of 2007. The first important

change was that leniency under the revised guidelines has been expanded to individuals. Under

the revised Leniency Guidelines, individuals as well as firms may apply for leniency. This differs

from the old system, in which only firms could apply for leniency. This change in the leniency

guidelines followed an amendment to the Competition Act, that as of October 1st, 2007, allowed

the NMa to levy fines also on individuals who initiated or lead a cartel. Other changes included

the introduction of a marker system. Generally, it may take a lot of time to gather all the evidence

a leniency applicant would want to bring forward to the authorities. "By means of a marker an

applicant’s position in the queue relative to other possible applicants is established and secured

for a limited period of time" (NMa, 2007). Setting a marker thus enables applicants to secure

their position in the leniency queue, even if they did not gather all relevant evidence yet. This
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incentivises firms to report the cartel to the authorities earlier and intensifies the "run to the

court race".

Additionally, as compared to the initial guidelines, the scope of the revised leniency guidelines

has been specified and limited to hard core infringements. Lastly, a minor change under the

revised guidelines extended the full duty of co-operation to the second and subsequent appli-

cants. The initial guidelines only attached this duty to the first applicant.

The leniency guidelines were updated one more time on August 1st 2014, partly in response to

the revision of the MLP in 2012. Major changes, as compared to the guidelines of 2007, include

those made with respect to the "basic fining system". The evolution of the fining system under

the initial leniency program and both revisions is summarised in Table 2. The most recent 2014

leniency guidelines ensure fine immunity to the first applicant, even if the Authority for Con-

sumers and Markets (ACM)12 has already launched an investigation, under the condition that

the ACM has not yet sent a statement of objections. In the 2007 leniency guidelines, such sit-

uations "only" warranted a reduction of the fine between 60% up to 100% (see "Category B" in

table 2). The fact that the first one to apply will not receive a fine, regardless of whether the ACM

already started an investigation or not, might create some adverse incentive to report a cartel

later (see conclusion for more details).

Table 2: Evolution of the "basic fining scheme"

Additionally, the percentage bandwidths for the fine reductions of subsequent applicants have

been expanded. The second one to come forward may now receive a reduction between 30% up

12The Netherlands Consumer Authority, the Netherlands Competition Authority (NMa) and the Netherlands In-
dependent Post and Telecommunications Authority (OPTA) joined forces on April 1st, 2013. This merger created
a new regulator: The Netherlands Authority for Consumers and Markets. Cases prosecuted after April 1st, 2013
therefore fall under the Authority of the ACM.
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to 50%, the third one between 20% up to 30%, while subsequent parties may receive a reduction

of up to 20%. These percentages replace the previous bandwidth of 10% to 40% ( "Category

C" table 2) for all but the first applicant of leniency. Thereby, the second applicant can now

obtain a higher fine reduction than before: 50% instead of a maximum of 40%. However, the

fine reduction scheme became more restricted for the third and subsequent applicants.

4 Hypotheses

This section is devoted to the construction of the hypotheses used to evaluate the effectiveness

of the Dutch leniency program. Three different hypotheses are developed. Two are based on

the theoretical model of Miller (2009), whilst the other one is based on the theoretical model of

Harrington Jr. and Chang (2009).

According to the theoretical model of moment condition of Miller (2009), the effectiveness of a

leniency program can be evaluated by looking at the time series of cartel discoveries.

Figure 1 illustrates how the changes in detection probability and deterrence affect cartel dis-

coveries over time. The vertical line always corresponds to the introduction of the leniency

program, hence the innovation. Panels A and B respectively isolate changes in the detection

and formation rates of cartels. Panel A simulates a rise in the detection rate keeping all else

constant. The amount of expected cartel discoveries increases directly after the leniency intro-

duction because the competition authority discovers a larger share of active cartels. However,

this effect weakens because the improved cartel detection reduces the amount of active cartels

over time. On the other hand, panel B describes what happens if a leniency program decreases

formation of cartels without affecting the probability that a cartel is detected. One can observe

that cartel discoveries do not change directly after the innovation. However, as time passes by,

the decreased formation rate reduces the amount of active cartels. Given a constant detection

probability, the number of discovered cartels decreases over time because fewer and fewer ac-

tive cartels exist.

Panels C and D stimulate simultaneous changes in the detection and formation rates. Panel

C describes the changes consistent with an effective innovation. One for which detection and

deterrence increases. Panel D describes the opposite. An ineffective leniency innovation for
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which detection and deterrence decreases. In Panel C the number of expected cartel discoveries

increases directly after the innovation. This is because increased cartel detection rate. However,

in the long term, the higher detection and lower formation rate reduces the amount of active

cartels. Therefore the number of cartel discoveries fall again. Cartel discoveries fall under the

initial values because the decrease of the cartel formation rate is sufficiently strong. Panel D

describes the convergence path of cartel discoveries if the innovation decreases detection and

deterrence of cartels. Immediately after the innovation cartel discoveries decrease due to the

lower detection rate. However, after the initial drop, cartel discoveries will rise again. Cartel

discoveries rise above initial levels because the lower detection and deterrence increases the

pool of active cartels. The decrease in cartel discoveries due to the lower detection probability

will be offset by the fact that a lot more active cartels exist.

Figure 1: How changes in detection and deterrence affect cartel discoveries

Source: Miller (2009)

Optimally, a leniency program should increase detection and deterrence of cartels. In order to
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provide evidence of the effectiveness of the leniency introduction in the Netherlands the ob-

served convergence path should therefore be the one described in Panel C. This expected con-

vergence path provides the intuition that underlines the following two hypotheses.

Hypothesis 1.1: If a leniency program increases the detection rate, then the number of cartel dis-

coveries will increase directly following the introduction of the leniency program.

Hypothesis 1.1 describes the short-term effect of an effective leniency program. In order for the

program to be effective in the long run, the second hypothesis has to be validated.

Hypothesis 1.2: If a leniency program decreases the formation rate of active cartels, then the num-

ber of cartel discoveries should readjust below initial pre-leniency levels.

If hypothesis 1.1 and hypothesis 1.2 can be jointly validated, then we can conclude that the le-

niency program helped to detect cartels and also deterred cartel formation. This depends on

whether the data supports the time pattern of cartel discoveries as described in the hypotheses.

However, according to Harrington Jr. and Chang (2009), there can be cases in which the infer-

ence of a policy change on the number of discovered cartels is not very informative about the

change in the number of existing cartels. This applies to policies that are designed to affect the

discovery and conviction probability in a specific way. An effective enforcement strategy may

then effectively reduce the cartel formation rate but the effect on discovered cartels is ambigu-

ous13. Depending on whether the effect of an increased discovery rate or a decreased formation

rate dominates, there can be fewer or more discovered cartels after an effective leniency inno-

vation. To be precise, the authors find that if the initial detection probability is sufficiently low,

a limited amount of cartels are discovered. A leniency innovation which increases the detection

probability then leads to more discovered cartels. The reason is that the increase in discovery

rate affects a large pool of active cartels and dominates the decrease in the cartel formation

rate. This leads to more cartels being discovered. However, if the initial detection probability

13This is described in theorem 6 of Harrington Jr. & Chang, 2009: "The rate of cartel formation, 1 - β(0), is de-
creasing inσ but the effect ofσ on the rate of discovered cartels,σ [1 - −β(0)], is ambiguous (that is, its sign depends
on the parameter value)".
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is high enough (close to 1), the reduced cartel formation rate dominates the higher detection

probability (only affecting a small initial pool of active cartels). This means that fewer cartels

are discovered after the leniency introduction14. Hence, even if the cartel formation rate is de-

creased, the authors argue that there may be more or fewer cartel discoveries after the leniency

introduction, depending on how high the initial pre-leniency detection probability was.

Consequently, Harrington Jr. and Chang argue that the time pattern of the number of discov-

ered cartels does not always provide us with a definite answer on whether leniency is effective.

Harrington Jr. and Chang therefore retrieve additional information by modelling the birth and

death process of discovered cartels.

In their paper, Harrington Jr. and Chang (2009) describe a dynamic model, in which a firm only

joins a cartel in a given period if the participation constraint is binding and the net benefits from

colluding are higher than those from the competitive outcome. Absent the leniency program,

there exists a "marginal" industry where firms are indifferent between competing and forming a

cartel because the long-run profits from colluding are equal to the short-run profits of deviating

from the cartel. Cartels which are just worthwhile to undertake, so called "marginal" cartels, are

just on the verge between collusion and competition. These are weak cartels and by virtue will

only survive a short, limited amount of time.

Theory predicts that once the leniency program is implemented, it becomes more profitable to

deviate. This is because when the firm deviates, it will also directly report the cartel and thereby

avoid any future fine risk and profit from immunity. Before the leniency introduction the firm

could not apply for leniency. Hence, when deviating from the cartel the firm still faced the risk

that it may sometime in the future be fined for having participated in a cartel. With the option

to apply for leniency, it can now eliminate this risk by deviating and simultaneously reporting

the cartel. The firm can then expect a high fine reduction or even immunity from the fine. As

already mentioned, this increases the incentive to deviate once a firm can simultaneously apply

for leniency.

Additionally, increased detection probability due to the leniency program reduces the long-

run net benefits from colluding. The risk of being caught and convicted is higher each period.

Hence, the expected fine is also higher each period and the profits from colluding are reduced.

14 The authors provide a proof of their theorem 6 (See Harrington Jr. & Chang (2009), p.1413-1414).
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The profits from colluding include the risk of being fined by subtracting the expected fine of

colluding15 from the benefits of colluding.

Overall, if the leniency program is effective, its introduction will lead to fewer profits from col-

luding and higher benefits from deviating. Consequently, some cartels that were sustainable be-

fore the leniency introduction now become unsustainable. Those cartels that were only marginally

stable will be the first ones to fall into a stage of outcomes that are unsustainable and dis-

solute once the leniency program is introduced. These marginal cartels, by cause of being

marginally stable, are relatively short-lived. The remaining active cartels are then mainly sta-

ble, longer-lived cartels. Ensuing cartel detections will therefore come from these longer-lived

cartels. Hence, if a leniency program effectively destabilises cartels, the following hypothesis

has to be validated.

Hypothesis 2: In the short term after the introduction of the leniency program, the average dura-

tion of detected cartels will increase.

In the long run, there will be two ways in which cartel duration of detected cartels will be af-

fected. Firstly, marginal cartels that collapsed due to enhanced detection will not form in the

first place. This means that detection more dominantly comes from longer-lived cartels, which

increases the average duration of discovered cartels. However, the second effect is that due

to the higher detection and deterrence the formerly stable, long-lived cartels break up earlier.

Overall, these effects oppose each other and the average cartel duration of discovered cartels

can increase or decrease in the long term. Hence, the analysis on cartel duration focuses on

assessing the short-term effect of leniency on cartel duration.

5 Data

For this study an extensive data set was created covering all cartel cases prosecuted by the NMa,

and later by the ACM, over the years 1998 to 2015. Only publicly available information was used

to create this data set. In total, the data set covers 77 prosecuted cartels, which were active in

15 expected fine = Total fine amount × probability of being caught
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the Netherlands. Most cases cover horizontal agreements on prices and quantities. These cases

fall under article 6, first paragraph of the Dutch competition act and Article 101 of the Treaty on

the Functioning of the European Union (ex Article 81, first paragraph, of the Treaty establishing

a Constitution for Europe (TCE)).

The cases are analysed on the firm level. Information from around 1300 decision reports was re-

trieved. The data set indicates the initial fine and ,if applicable, the changed fine (i.e. due to the

final ruling of the College van Beroep voor het bedrijfsleven (CBb)16) of all firms which partici-

pated in the cartels. For the analysis, the final, most recent fine decision is used. Additionally,

information on investigation duration, cartel duration, the percentage of leniency granted (if

applicable) and other particularities of the procedures was retrieved. Particularities in the pro-

cedure include fine discounts due to the relative size of the colluding firm (based on the turnover

of the firm), the willingness of the firm to cooperate to accelerate the prosecution ("settlement

procedure") and lastly the potential fine reduction or elimination due to the potential risk of

bankruptcy of the firm.

Many cartels result in numerous different documents. Additionally, the documents often list

numerous firms and/or individuals that took part in the same cartel. Therefore, the different

violating firms are grouped into cartels, making later analyses on the broader cartel level easier.

Table 3 provides summary statistics of the data.

One should notice that the data set originally contained 85 cartel decision. However, 8 cases

have not been confirmed as cartels and were therefore not included as cartel discoveries in the

data set. These cases represented mainly those in which the council/CBb had the final ruling

and decided that there was not enough evidence for a conviction.

Moreover, I have to bring to the reader’s attention that one of the cases was excluded as a cartel

discovery from the current data set because it is still ongoing. The case represents a price and

market fixing agreement in the market of collection of maritime waste in Rotterdam, first pros-

ecuted in 2011. For this case, the initial decision was cancelled by the court because the court

came to the conclusion that some of the information was not retrieved in a correct manner. This

included information that the ACM retrieved via wiretaps provided by the Ministry of Public Af-

16The CBb is the Supreme Administrative Court for the socio-economic administrative law in the Netherlands. It
is the highest instance in decisions regarding among others competition policy and agricultural subsidies.



5 DATA 29

fairs of the Netherlands. However, the CBb ruled that this information was retrieved correctly,

which means that the case is currently reviewed once more by the court. As no final decision

has yet been made, this case could not be included as a cartel discovery.

Table 3: Summary statistics

Lastly, it is important to notice that Table 3 provides summary statistics of the number of le-

niency applicants, excluding those which applied for fine reductions in the big construction

cartels prosecuted around 2005. The NMa started investigating in the construction sector in

2001 after receiving numerous complaints by customers and competitors. The extent of the

infringement was huge and included cartels in the whole of Netherlands in many different con-

struction sectors such as the installation, the civil and road construction, the land road and

water construction and the cable and pipe work sector. Due to the immense scale of these car-

tels, the competition authority set up a special fine reduction procedure. A deadline was set

for all the involved companies to cooperate with the authorities and apply for fine reductions.

All participating firms could then receive fine reductions based on the level of cooperation and

evidence they presented. The goal was to, once and for all, wipe out all construction cartels.
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This was done without limiting the number of firms that could apply for a fine reduction. After

having evaluated these huge cartels, I came to the conclusion that these should be analysed sep-

arately. The numerous applicants of fine reductions should not simply be added to the leniency

applicants of the other cartels prosecuted between 1999 and 2015 in the Netherlands. The civil

and road construction cartel alone had up to 550 participating firms, from which approximately

250 applied for fine reductions. Similar numbers are found for the land roads and water con-

struction cartel, which counted approximately 320 participants, from which 38% applied for

this special procedure, receiving a maximum of 50% fine reduction. Including the applicants

of these huge construction cartels as leniency applicants would create huge outliers. The over-

all sample, excluding the big construction cartels, only counts 41 separate leniency applicants.

Due to the special procedure of these big construction cartels, which resulted in a huge number

of applicants, these applicants are not included as leniency candidates.

A first glance at the data seems to reveal some interesting properties. I created a series of one-

year periods to track discoveries. Figure 2 plots the total number of cartel discoveries per year17.

The year of discovery is set in correspondence to the publication date of the final decision report.

Alternatively, one could have used the date at which the cartel investigation started. However,

sometimes the NMa/ACM concludes in the final decision report that the initial concerns do not

represent an infringement of the competition act. Starting an investigation is thus not equiva-

lent to identifying a cartel. It is thus more intuitive to use the date of the publication of the final

decision report because this marks the date at which the case was truly identified as a cartel. The

vertical bars in figure 2 mark respectively the implementation of the leniency program (red), the

introduction of the first revised leniency guidelines (blue) and the implantation of the second

revised leniency guidelines (green). The observed pattern of cartel discoveries over time gives

us a first idea whether the leniency program is effective.

The pattern in cartel discoveries over the years 1999 to 2015 seems to correspond to the desired

pattern as shown in Panel C in figure 1. To be precise, after the introduction of the leniency pro-

gram in July 2002 an immediate increase in the number of cartel discoveries can be observed.

17Note that the figures 2 and 3 plot the total number of cartel discoveries/average cartel duration per 12-month
period. This is done for illustrative purposes. In the later analysis, I use the average number of cartel discoveries
per 6-month period and the average cartel duration per case. This is done in order to better distinguish between
those cartels discovered before the leniency introduction on July, 1st 2002 and the ones discovered later that year
(after the leniency introduction).
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Thereafter, cartel discoveries seem to decrease again, which could be due to the increased deter-

rence. Cartel discoveries then slightly recover after the implementation of the revised leniency

guidelines in October 2007. However, a clear second spike or a revision in the downward trend

cannot be observed. In the long term, discoveries fall further, reaching values close to those in

the pre-leniency period.

Figure 2: Cartel discoveries over the years 1999 to 2015

Note: The vertical bars mark respectively the introduction of the leniency program (red), the introduction of the

first revised leniency guidelines (blue) and the implantation of the second revised leniency guidelines (green).

Figure 3 gives a first insight into the evolution of cartel duration of discovered cartels over the

years 1999 to 2015. The graph displays the median cartel duration of all cartels discovered

throughout the year specified on the horizontal axis. The desired pattern of cartel duration,

corresponding to an effective Leniency program according to Harrington Jr. and Chang, 2009,

can partly be observed. Cartel duration of detected cartels immediately after the leniency intro-

duction, represented by the red, vertical line, increases. Most of the discovered cartels now seem

to be longer-lived, stable cartels. However, Cartel duration falls directly after the introduction of

the first revised leniency guidelines. This is not in line with an effective leniency innovation. In
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the long run, cartel duration increases further and does not readjust below the short-run level.

It is important to notice that these first insights do not yet provide the needed evidence to con-

clude on the effectiveness of the leniency program and its subsequent revision of 2007 (and

2014). Both graphs do not control for factors such as the number of participants in the cartel,

the annual GDP, the annual budget of the competition authority or other industry specific fac-

tors. It could well be that the differences in the number of cartels/average cartel duration over

the years come from differences in the above-mentioned factors that have yet to be controlled

for. Figures 2 and 3 therefore only provide limited insights and should be interpreted very care-

fully. Regression, with needed controls, are assessed in section 7.

Figure 3: Cartel duration over the years 1999 to 2015

Note: The vertical bars mark respectively the introduction of the leniency program (red), the introduction of the

first revised leniency guidelines (blue) and the implantation of the second revised leniency guidelines (green).
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6 Empirical Framework

In the first part of my analysis, I use ordinary least squares (OLS) regressions in order to test

whether the data is consistent with the desired cartel discoveries pattern of an effective leniency

program (see figure 1, panel C). I perform three statistical tests, corresponding to the short-term

detection and the long-term deterrence effect of the leniency program.

For the short-term effect, I evaluate whether the number of cartel discoveries rises directly fol-

lowing the implementation of the leniency program. This corresponds to testing hypothesis 1.1.

The OLS regression looks as follows:

Number(car tel s) = θ+α×LE N I E NC Y +β×X +ε, (1)

The dependent variable, Number(car tel s) , denotes the number of discovered cartels per 6-

month period (unit of observation). The independent variable, LE N I E NC Y , is a dummy vari-

able which equals one if the period postdates the introduction of the leniency and zero other-

wise. In the regression X represent a set of controls, which include the Dutch semi-annual GDP

and the semi-annual budget of the competition authority of the Netherlands18. The regression

also includes a constant θ. Lastly, ε is the normally distributed error term of the regression.

I then test:

H0 :α(LE N I E NC Y ) 0 0 ver sus Ha :α(LE N I E NC Y ) > 0,

The full sample includes cartels discovered between 1998 until the end of 2015. However, as

the short-term effect is considered, I run this specific regression only over the period 1998 until

the end of 200419. By running the regression over the period up to the 31st of December 2004,

only cartels discovered before the end of the short-term leniency period, here defined as the 18

months following the leniency introduction in July 200220, are considered. This also includes

18For robustness the regression is also tested with an additional control for the total number of firms in the
Netherlands (see also footnote 28).

19By the use of a time dummy I limit my sample to the specified time period.
20Note that for robustness checks additional tests for different durations of the short-term leniency period are

conducted. The time period over which the regression runs is changed correspondingly. For example, if the short-
term leniency period is reduced to the 12 months following the leniency introduction, the regression will run from
1998 until the 1st of July 2003. Hence, the regression will only include those cartels discovered in the pre-leniency
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those cartels discovered in the pre-leniency period. The LE N I E NC Y coefficient then com-

pares the values in the pre-leniency period to those in the short-term period after the leniency

introduction (short-term leniency period). Only if the LE N I E NC Y coefficient turns out to be

positive, the regression model generates an increase in cartel discoveries in the short term af-

ter the leniency introduction. Meaning that, the average number of cartel discoveries is higher

as compared to the pre-leniency levels. This corresponds to an immediate increase in cartel

discoveries once leniency is introduced.

I then test whether, after the initial spike in the short term (if observed), cartel discoveries start

falling again. For this I run the following regression:

Number(car tel s) = θ+ρ×C H ANGE +β×X +ε, (2)

C H ANGE is a dummy which equals 1 if the period postdates July 1, 2004 and 0 otherwise. Just

like in regression 1, X represent a set of controls, which include the Dutch semi-annual GDP

and the semi-annual budget of the competition authority of the Netherlands. The regression

also includes a constant θ and an error term ε.

I then test:

H0 : ρ(C H ANGE) 1 0 ver sus Ha : ρ(C H ANGE) < 0,

I run the regression over the limited time period from the 1st of July 2002 until the 1st of July

2005. The Change dummy thus compares the average number of cartel discoveries in the first

2 years after the leniency introduction to those in the 3rd year after the leniency introduction21.

Only if the C H ANGE coefficient is negative, the average number of cartel discoveries (per 6-

month period) starts falling again after the short-term leniency period22.

For the long-term deterrence effect, I test whether cartel discoveries fall back to levels below the

initial pre-leniency levels. This corresponds to testing hypothesis 1.2. Here a regression similar

period and in the "reduced" short-term leniency period.
21 For robustness cartel discoveries in the first 2 years after the leniency introduction are compared to those in

the 3rd and 4th year after the leniency introduction. The regression then runs over the period from the 1st of July
2002 until the 1st of July 2006

22Note that I define the 2 years following the leniency introduction as the short-term leniency period for this
regression. This is my upper-bound for the short-term leniency period, as will be explained in more details in
section 7.
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to the first one is tested:

Number(car tel s) = θ+α×LE N I E NC Y +β×X +ε, (3)

However, I run this regression over the two time periods from 1998 until the 1st of July 2002 and

from January 2007 until the end of 2015.

I then test:

H0 :α(LE N I E NC Y ) 1 0 ver sus Ha :α(LE N I E NC Y ) < 0,

By running the regression over the specified time periods, cartels that are discovered between

the 1st of July 2002 and the 1st of January 2007 are excluded. This limits the evaluated sample

to cartels discovered in the pre-leniency period and in the long-run period after the leniency

introduction23. The LE N I E NC Y coefficient thus directly compares the number of cartel dis-

coveries in the pre-leniency period to those in the long-run leniency period. If the LE N I E NC Y

coefficient is negative, it means that the average number of cartel discoveries in the long run

after the leniency introduction is lower than in the pre-leniency period. Hence, only if the le-

niency coefficient is negative, the regression model generates a decrease in cartel discoveries in

the long run below the initial pre-leniency levels.

If the null hypothesis can be rejected for all three regressions, we can conclude that the Dutch

leniency program helped to detect cartels and also deterred the formation of new ones. The

data would be consistent with the cartel discoveries pattern of an effective leniency program

according to the theoretical model of Miller (2009).

To further investigate the effectiveness of the Dutch leniency program, I evaluate the pattern of

cartel duration. This helps to conclude on the efficacy of the leniency program according to the

theoretical model of Harrington Jr. and Chang (2009). To test hypothesis 2 I set up the following

regression:

Dur ati on(car tel ) = θ+α×LE N I E NC Y +β×X +ε, (4)

23For robustness an additional test is conducted in which I define the long-term leniency period as the year 2009
onwards. The corresponding regression runs over the two time periods from 1998 until the 1st of July 2002 and
from the 1st of January 2009 until the end of 2015
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Regression 3 looks similar to regression 1. However, the dependent variable is now Dur ati on(car tel )

and denotes the cartel duration (in days) per case. Moreover, the number of cartel members is

included as an additional control, as will be explained in more details at the end of this section.

Just like regression 1, I run this regression over the period 1998 until the end of the short-term

leniency period. Thereby, I limit the evaluated sample to cartels discovered in the pre-leniency

period and in the short-run period after the leniency introduction.

In order to validate hypothesis 2, I test if the null can be rejected in favour of the alternative

hypothesis. I thus test:

H0 :α(LE N I E NC Y ) 0 0 ver sus Ha :α(LE N I E NC Y ) > 0,

When running the regression over the above specified time period, the dummy LE N I E NC Y in

the regression compares the average duration of cartels discovered in the pre-leniency period

to those in the short-term period after the leniency introduction. Consequently, only if the le-

niency coefficient is positive, the regression model generates an increase in the average cartel

duration in the short run.

If the null hypothesis can be rejected in favour of the alternative hypothesis, we can conclude

that the leniency introduction was effective in destabilising cartels and resulted in the dissolu-

tion of the marginal cartels. The program thus helped to reduce the pool of active cartels. In the

long term, an effective leniency program may lead to an increase or decrease in cartel duration

of detected cartels. The long-term effect is thus ambiguous. As already mentioned, I therefore

focus on evaluating the short-term effect of the leniency introduction on cartel duration.

For robustness, all models are estimated controlling for possible confounding variables. The

first control is the (semi-) annual GDP. Empirical evidence on the effects, which higher economic

activity has on the case load of competition authorities (hence the number of investigated car-

tels) is ambiguous. Some scholars argue that case load of competition authorities is procyclical

(Posner, 1970) whilst other argue the opposite (Ghosal, 2001). To correct for the possibility that

higher economic activity over the years may lead to more cartels24 being formed, I control for

the business cycle in my regressions.

Additionally, I control for the annual budget of the NMa/ACM. Generally, the case load a com-

24Or fewer according to Ghosal (2001).
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petition authority can take up, and thus also the corresponding cartel discoveries, will be higher

the more budget is allocated to the competition authority. This means that we have to correct for

changes in the allocated budget over the years. I therefore add a control variable, "semi-annual

budget", that captures the budget allocated to the competition department of either the NMa or

in later years the ACM. The fact that I use only the part devoted to the competition department

does not only yield more accurate estimates but also makes the allocated budget between the

NMa and ACM more comparable. Both organisations had several different departments, which

makes the total budget allocated to the organisations not very informative for our purpose.

Lastly, I control for the number of cartel members in my regression on cartel duration. The num-

ber of cartel members influences cartel stability, and therefore the duration of cartels. When the

number of participating firms in a cartel increases, monitoring within the cartel becomes more

difficult. There is thus a higher risk that some members undercut the cartel price and deviate

from the cartel in order to increase their sales. This has adverse effects on stability, and therefore

on the duration of cartels (Choi & Hahn, 2014).

6.1 Alternative Models

There exist many alternative models to ordinary least squares (OLS) for analysing count data.

Indeed, OLS has been used frequently by researchers and may be desirable to use because of its

familiarity. Furthermore, Sturman (1999) provides evidence that OLS does not yield more "false

positives" (type 1 errors) than expected. Through a simulation test that counts the number of

times that each model incorrectly identifies a statistically significant relationship, he shows that

OLS is not overly sensitive to type 1 errors. Therefore, OLS does not incorrectly reject a true null

hypothesis more often than other count-data models.

However, OLS is relatively restrictive in its assumptions. On the one hand, my relatively small

sample size of cartel discoveries makes the assumption of normality a rather strong assump-

tion. On the other hand, the OLS assumption of homoscedasticity has been taking care off. By

using robust standard errors for my OLS regressions, I account for potential heteroscedastic-

ity in the error term. Nevertheless, OLS does not account for the data being truncated at zero,

which means that OLS may lead to negative values that are senseless for my count-data outcome

variable (i.e. number of cartel discoveries per 6-month period).
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Moreover, there has been a lot of discussions and there is a consensus that using multiple meth-

ods of analysis helps to cope with the difficulties of research performed with count data (Stur-

man, 1999; Baba, 1990). For this reason, I quickly introduce two additional count-data models,

which are used for robustness checks for my estimates of the short-term effect of the leniency

program on the number of cartel discoveries (discrete count).

The Poisson model, which was also used by Miller (2009), is generally both "an easy and accurate

way" of modelling count data (Sturman, 1999). The reduced Poisson regression as compared to

OLS assumes that the errors follow a Poisson, not normal, distribution. It may be more appro-

priate to count data because Poisson distributed data is intrinsically integer-valued. Moreover,

Poisson-distributed data is always positive and cannot lead to meaningless negative outcomes.

Therefore, it makes sense to illustrate the results of the Poisson model to our reader.

The Poisson-regression model expresses the probability that Dt, which is the number of cartel

discoveries, has the realization dt as:

Pr (D t = dt |zt ) = exp(−λt )λdt
t

d !
t

, dt = 0,1,2, ..., (5)

where the conditional mean λt is:

λt = exp(z
′
tσ) (6)

Here, the vector zt includes the regressor, and σ is a vector of parameters. The regressor is

again the dummy for the leniency introduction. I then, once more, test the earlier mentioned

hypothesis 1.1. In order to test whether the introduction of the leniency program resulted in a

direct increase in the number of cartel discoveries, I test:

H0 :σ(LE N I E NC Y ) 0 0 ver sus Ha :σ(LE N I E NC Y ) > 0,

By running the regression only over the period 1998 until the end of 2004, the LE N I E NC Y

coefficient directly compares the average number of cartel discoveries (per 6 months) in the

pre-leniency period to those in the short-term leniency period. For robustness, the model is

estimated with the same controls included in the OLS regression.

However, using Poisson regressions introduces an additional restriction. Namely, that the mean
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equals the variance. This might not be a very realistic assumption for our model. In our sample,

cartel discoveries this year might be dependent on cartel discoveries in the past (year). If for

example, there have been a lot of cartel discoveries in the past, cartel members fear the compe-

tition enforcer and they are more likely to "run to the court", in order to avoid potential future

fines. This will then lead to an increase of (self-reported) cartel discoveries this year. Such de-

pendence of cartel discoveries over time can lead to extra variation, referred to as overdisper-

sion25. In this case, the variance would be higher than the mean and the true variation would

be higher than the one predicted by the model.

The negative binomial model can be used for overdispersed data. It is one of the more general

count data models. The Poisson model is a special case of the negative binomial model and it

has the same structure. The difference between the two models is that the negative binomial

model has an extra parameter η , modelling the overdispersion. The negative binomial model

does not only correct for overdispersion but it is also more appropriate when the mean level of

the dependent variable is different across intervals. Lastly, it yields fewer false positives than the

Poisson regression in the simulation test performed by Sturman (1999). It may therefore be used

as a conservative test.

Typically, the negative binomial model is characterized by one of the following specifications of

the variance of the dependent variable: Var(y) = E(y) × (1 + η) or Var(y) = E(y)2 × (1 + η), where η

is positive. The first specification implies a constant ratio between the mean and the variance.

The second specification implies a linear relation between the mean and the variance (Cameron

& Trivedi, 1986). Clearly, both specifications are less restrictive than the Poisson specification,

for which Var(y) = E(y) has to hold. There exist even more possibilities. However, this study

uses the first model, for which Var(y) = E(y) × (1 + η), which is the one available in the software

packaged used (Stata).

7 Empirical Results

This section discusses the regression results of the effect of the Dutch leniency program on de-

tection and deterrence capabilities. The first part discusses the regression results according to

25The model is tested for overdispersion in section 7.
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the theoretical model of Miller (2009). The second part considers the regression results of the

effect of the leniency program on cartel duration. The latter corresponds to testing the effec-

tiveness of the leniency program according to the theoretical model of Harrington Jr. and Chang

(2009).

7.1 Testing the Effect of the Leniency Program on Cartel Discoveries

I first consider the short-term effect of the leniency program on detection capabilities according

to the theoretical model of Miller (2009). Table 4 presents the main OLS regression results of the

short-term effect of the leniency program on cartel discoveries. In each regression, the depen-

dent variable is the number of discovered cartels per 6-month period. The short-term leniency

period is defined as the 18 months following the leniency introduction. I define the short-term

leniency period as 18 months because this allows the competition authorities to process cases

of cartels for whom it becomes now worthwhile to self-report. As discussed earlier, the publi-

cation date of the final report marks the definite discovery of a cartel. It can thus require some

time until reports are published and the effect on cartel discoveries can be observed. Therefore,

I choose the short-term period to end just before the end of the year following the leniency in-

troduction. Some might even argue that the average time to investigate the potential new cartel

discoveries might be longer than a year26. This is why I also provide the regression results for

the short-term leniency period defined as the 24 months, hence 2 years, after the leniency intro-

duction. Finally, the results for a short-term leniency period, defined as the 12 months following

the leniency introduction, are provided as an additional robustness check.

Column 1 provides the regression results excluding any controls. The estimated LENIENCY co-

efficient is 3.222. The coefficient indicates that there are on average 3.2 more cartels discovered

each 6 months in the 18 months following the leniency introduction (short-term leniency pe-

riod), as compared to in the pre-leniency period. This immediate increase is significant at the

5% level and very close to the 1% significance27.

Columns 2, 3 and 4 show that the results are robust to the inclusion of the control variables.

Columns 2 and 3 respectively include controls for the total semi-annual Dutch GDP and the

26The average investigation time for the cartels convicted by the NMa/ACM throughout the years 1998 to 2015 is
around 2 years

27p-value: 0.015
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semi-annual budget allocation devoted to the competition department of the NMa/ACM. Col-

umn 4 includes both control variables. For all 3 specifications, the estimated LENIENCY coeffi-

cient remains positive and statistically significant at the 5% level28. The control for the budget

allocation has the expected positive sign. A higher budget allocated to the competition depart-

ment increases the number of cartels discovered by the competition authority.

Moreover, Columns 5 and 6 provide evidence that the results are also robust to changes in the

short-term leniency period length. The coefficient for the LENIENCY dummy remains posi-

tive once the short-term leniency period is reduced to the 12 months following the leniency

introduction29. Column 5 shows that the LENIENCY coefficient is now slightly lower and still

significant at the 5% level. Lastly, column 6 shows that even if the short-term leniency period is

extended to 2 years, the increase in cartel discoveries remains positive and significant at the 5%

level. The coefficient is now even slightly higher and indicates that there are on average 4.5 more

cartels discovered each 6 months throughout the 2 years following the leniency introduction, as

compared to in the pre-leniency period.

28It has also been checked if the regression results for the effects on cartel discoveries are robust to the inclusion
of a control for the total number of firms in the Netherlands. The LENIENCY coefficient remains significant and
has the same sign after including the control for the number of firms.

29It has additionally been checked if an increase in cartel discoveries can be observed when limiting the short-
term leniency period to the first 6 months following the leniency introduction. Also for this reduced short-term
period the LENIENCY coefficient remains positive and significant at the 1% level (coefficient: 1.617).
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Table 4: OLS regression results: detection capabilities

Variables No Control Variables Control Variables 12-month Period 24-month Period

(1) (2) (3) (4) (5) (6)

LENIENCY 3.222** 3.208** 3.192** 3.200** 2.099** 4.524**

(1.104) (1.193) (1.190) (1.271) (0.616) (1.871)

Control Variables

GDP(semi-annual) 0.441 -1.145 -4.394 49.036

(12.397) (18.598) (18.920) (56.725)

Budget (semi-annual) 0.007 0.014 0.022 -0.264

(0.083) (0.120) (0.117) (0.363)

R2 0.644 0.645 0.645 0.645 0.596 0.591

Observations 12 12 12 12 11 13

Note: Table 4 shows the regression results for the short-term effect of the leniency program on cartel discoveries.

The dependent variable is the number of cartel discoveries per 6-month period. Columns 1, 2, 3 and 4 use the 18

months following the leniency introduction as the short-term leniency period. Columns 4 and 5 are robustness

checks and use respectively the 12 months and 24 months after the leniency introduction as the short-term

leniency period. For columns 1, 2, 3 and 4 the regressions run over the time period January 1998 until the end of

2004. For column 5 the regression runs over the time period January 1998 until the 1st of July 2003, whilst for

column 6 the time period is extended until the 1st of July 2004 (see empirical framework, regression 1 and footnote

20 for more details). LENIENCY is a dummy which equals 1 if the period postdates July 1st, 2002 and 0 otherwise.

In the regressions, the LENIENCY dummy thus compares the average number of cartel discoveries (per 6 months)

in the pre-leniency period, to the one in the short-term leniency period. The variable GDP is the semi-annual

Dutch Gross Domestic Product. The variable budget is the budget of the NMa/ACM solely allocated to the

competition department. The yearly budget allocation is divided by two in order to get the semi-annual budget

allocation. The t-statistics are computed with Newey-West (NW) standard errors, which are shown in parentheses.

*** Significance at the 1 percent level.

** Significance at the 5 percent level.

* Significance at the 10 percent level.
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Turning to the effect of the leniency program on deterrence capabilities, Table 5 provides the re-

gression results for the long-term effect of the leniency program on the number of cartel discov-

eries. Following the theoretical model of Miller (2009), one should observe that after the initial

increase in cartel discoveries, an effective leniency program should, through a higher detection

and deterrence capability, decrease the pool of active cartels. Consequently, cartel discoveries

should fall again. In the long run, cartel discoveries should fall below pre-leniency levels be-

cause the decrease in the formation rate is sufficiently strong.

Columns 1 and 2 indicate whether the number of cartel discoveries, after the initial short-term

increase, start to fall again. This corresponds to testing regression 2 (see empirical framework).

Results in columns 3 to 5 provide an answer to the question, whether the long-term effect on the

formation rate is strong enough to decrease the number of discovered cartels below the initial

pre-leniency levels. They correspond to testing regression 3. For columns 1 and 2 the variable

CHANGE is a dummy which equals 1 if the period postdates July 1st, 2004 and 0 otherwise. For

the columns 3, 4 and 5 the variable LENIENCY is again a dummy variable, which equals 1 if the

period postdates July 1st, 2002 and 0 otherwise.

The estimated coefficient for the variable CHANGE in the first column is -10.531, indicating that

there are on average 10 fewer cartels discovered each 6 months in the 12 months from July 2004

onwards, as compared to in the short-term leniency period30. This decrease in cartel discoveries

is significant at the 1% level. Column 2 uses the 24 months following the short-term leniency pe-

riod. In this period as well, cartel discoveries decrease as compared to the short-term leniency

period. There are on average 8 fewer cartels discovered each 6 months in the 24 months follow-

ing the short-term leniency period, as compared to in the short-term leniency period itself. The

negative coefficient is only significant at the 10% level.

Now that we observe a reversion in the number of cartel discoveries, it becomes interesting to

see whether the fall persists and leads to a decrease in cartel discoveries below the pre-leniency

levels in the long run.

Column 3 of Table 5 compares the average number of cartel discoveries (per 6-month period)

30Note that I used the 2 years following the leniency introduction as the short-term leniency period for this re-
gression. This is my upper-bound for the short-term leniency period as defined earlier (see table 4 column 6)
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in the pre-leniency period to those at least four and a half years after the leniency introduc-

tion. This interval should leave enough time for the deterrence effect of the leniency program

to shrink the number of active cartels, leading to a reversion in the number of cartel discover-

ies below the initial pre-leniency levels. However, the coefficient for the LENIENCY dummy is

1.429, indicating that the average number of cartel discoveries (per 6 months) at least 4 and a

half years after the leniency introduction is still higher than in the pre-leniency period. The co-

efficient is significant at the 1% level. Even after including controls for GDP and annual budget

the coefficient remains positive and significant at the 10% level. A possible reason that the fall in

cartel discoveries does not persist is that the leniency innovation of August 1st, 2007 may have

increased the detection capabilities once more. The short-term effect of the leniency innova-

tion of 2007, if effective, would be to increase cartel discoveries. This would work against the

decrease in cartel discoveries caused by the deterrence effect of the initial leniency program.

For Robustness, I change the long-term period to the years 2010 until 2015 (the end of my sam-

ple of discovered cartels). I therefore compare the cartel discoveries in the pre-leniency period

to those at least seven and a half years after the leniency introduction. The long-term period

now includes only the years after the short-term period (approximately 2 years) of the in Au-

gust 2007 revised leniency program. This should reduce the "direct" influence of the short-term

effect of the leniency revision on cartel discoveries. However, the LENIENCY coefficient in col-

umn 5 remains positive, indicating that the average number of cartel discoveries does not revert

below initial pre-leniency levels. The coefficient becomes insignificant.

Overall, there seems to be evidence of a reversion in the number of cartel discoveries in the pe-

riods following the immediate spike in cartel discoveries. However, the deterrence effect is not

strong enough to decrease the number of cartel discoveries below the initial pre-leniency lev-

els in the long run. Another reason why cartel discoveries do not revert below the pre-leniency

levels could be due to the enhanced detection capabilities of the subsequent leniency revisions,

overlapping with the long-term deterrence effect of the initial leniency introduction. If detec-

tion capabilities are endogenous in our model and increase over the years, the number of cartel

discoveries could stay high even if the pool of active cartels shrinks.
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Table 5: OLS regression results: deterrence capabilities

Variables 12 months 24-months 2007 onwards 2010 onwards

(1) (2) (3) (4) (5)

CHANGE -10.531 *** -8.209*

(1.047) (1.193)

LENIENCY 1.429*** 4.323* 5.791

(0.458) (2.236) (3.941)

Control Variables

GDP(semi-annual) 804.941 251.584 -32.383 46.985

(180.736) (115.518) (22.686) (38.503)

Budget (semi-annual) -6,626 0.124 0.070 0.151

(3.152) (1.971) (0.117) (0.180)

R2 0.909 0.661 0.198 0.261 0.339

Observations 6 8 25 25 19

Note: Table 5 shows the regression results for the long-term deterrence capabilities of the leniency program. The

dependent variable is the number of cartel discoveries per 6-month period. Columns 1 and 2 respectively

compare the number of cartel discoveries in the 12 months and 24 months after the short-term leniency period, to

the ones in the short-term leniency period. The regressions respectively run over the time periods from the 1st of

July 2002 until the 1st of July 2005, and from the 1st of July 2002 until the 1st of July 2006. The variable CHANGE is

a dummy which equals 1 if the period postdates July 1st, 2004 and 0 otherwise. The CHANGE dummy thus

compares the values directly after the short-term leniency period, to the ones in the short-term leniency period

(see empirical framework, regression 2 for more details). Columns 3, 4 and 5 compare the average number of

cartel discoveries in the pre-leniency period to those in the long-term. For columns 3 and 4 the long-term is

defined as the years 2007 until 2015. For column 5 the long-term includes the years 2010 until 2015. LENIENCY is

a dummy which equals 1 if the period postdates July 1st, 2002 and 0 otherwise. The regressions in columns 3, 4

and 5 only run over the pre-leniency period and the long-term leniency period. The LENIENCY dummy in

columns 3, 4 and 5 thus compares the pre-leniency values to those in the long-term leniency period (see empirical

framework, regression 3 for more details). Controls again include the semi-annual Dutch GDP and the

semi-annual budget allocated to the competition department of the NMa/ACM. The t-statistics are computed

with Newey-West (NW) standard errors, which are shown in parentheses.

*** Significance at the 1 percent level.

** Significance at the 5 percent level.

* Significance at the 10 percent level.



7 EMPIRICAL RESULTS 46

The main result of this section is that whilst evidence for the deterrence effect of the leniency

program remains limited, the desired short-term effect of the leniency program on detection

capabilities is observed in the data.

In order to further underline the results of the short-term effect of the Dutch leniency program

on cartel discoveries, I replicate the regression results of Table 4 using two alternative count

models. For robustness, Table 6 provides the most important results of the short-term effect of

the leniency program using both the Poisson and the negative binomial regression model.

One should note that both count models are valid for our regressions. As already mentioned, the

negative binomial model does not require the mean to be equal to the conditional variance. This

inequality is captured by estimating a dispersion parameter η. In contrast to the negative bino-

mial model, this parameter is held constant (= zero) in a Poisson model. If the overdispersion is

zero, the more restricted Poisson model can be used without having to rely on the estimates of

the negative binomial model.

The Pearson and the Deviance goodness-of-fit test for the Poisson regression are both statis-

tically insignificant. This indicates that the model fits our data reasonably well. This is a first

indication that overdispersion might not be an issue after all. Additionally, I calculated the like-

lihood ratio test that the dispersion parameter η = 0. This likelihood ratio test, which compares

the Poisson model to the negative binomial model, is also insignificant. This means that overdis-

persion is not an issue and that we could rely on the estimates of the Poisson regression. All test

results can be found in the Appendix in Table 8.

Nevertheless, I decide to illustrate the results of both, the Poisson and the negative binomial

regression, as robustness checks. The coefficients and corresponding significance are compared

in Table 6. As expected, the coefficient estimates of both models are very similar. This is because

the underlying assumption of overdispersion is not violated and the inequality between both

models, captured by the dispersion parameter, vanishes.

More importantly, Table 6 shows that using the two alternative count models does not change

our results of the short-term effect of the leniency introduction. The LENIENCY coefficient

remains positive and significant, indicating a direct increase in the number of discovered cartels

after the leniency introduction in July 2002. Columns 2 and 3 show that the estimates are also

robust to changes in the short-term leniency period.
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One should notice that the coefficients in Table 6 are in log counts. The reason is that both, the

Poisson and the negative binomial regressions, model the log of the expected count (number

of cartel discoveries per 6 months) as a function of the independent variables. They use the

maximum likelihood estimation method to obtain the coefficient estimates and can thus not be

directly compared to the OLS-coefficients of Table 4. The leniency coefficient in the first col-

umn suggests that the expected log count of cartels discovered each 6 months throughout the

18 months following the leniency introduction is 2.061 higher than in the pre-leniency period.

This corresponds to an immediate 685,4% increase in cartel discoveries. The message that Table

6 should convey to the reader is that all models provide evidence of an immediate spike in cartel

discoveries following the leniency introduction. The alternative models therefore confirm that

the Dutch leniency program significantly enhanced the detection capabilities of the competi-

tion authorities. Hypothesis 1.1 is thus validated.

Table 6: Robustness check with alternative models

Model 18 month Period 12-month Period 24-month period

(1) (2) (3)

Poisson model

LENIENCY 2.061*** 1.821 ** 1.836 ***

(0.794) (0.819) (0.674)

Pseudo R2 0.360 0.226 0.505

Negative binomial model

LENIENCY 2.062*** 1.821** 1.836***

(0.794) (0.819) (0.674)

Pseudo R2 0.258 0.211 0.275

Note: Table 6 compares the Poisson and the negative binomial regression results for the short-term effect of the

leniency program on cartel discoveries. Columns 1, 2 and 3 respectively use the 18, 12 and 24 months following the

leniency introduction as the short-term leniency period. For column 1 the regression runs over the time period from

January 1st, 1998 until January 1st, 2004. For column 2 the regression runs over the time period January 1st, 1998

until the 1st of July 2003, whilst for column 3 the time period is extended until the 1st of July 2004. LENIENCY is a

dummy, which equals 1 if the period postdates July 1st, 2002 and 0 otherwise. Both models include controls for the

semi-annual Dutch GDP and the semi-annual budget allocated to the competition department of the NMa/ACM.

The z-statistics are computed with Newey-West (NW) standard errors, which are shown in parentheses.

*** Significance at the 1 percent level.

** Significance at the 5 percent level.

* Significance at the 10 percent level.
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7.2 Testing the Effect of the Leniency Program on Cartel Duration

Turning to the short-term effect of the leniency program on cartel duration, I conduct an anal-

ysis according to the theoretical model of Harrington Jr. and Chang (2009). If the leniency pro-

gram is effective, one should optimally observe a rise in cartel duration of discovered cartels af-

ter leniency is implanted. The leniency introduction should lead to the immediate dissolution

of the marginal cartels. Resulting cartel detections should thus come from stable, longer-lived

cartels.

Table 7 provides the different estimates of the LENIENCY coefficient. The dependent variable is

the cartel duration per case.

The LENIENCY coefficient in column 1 suggests that the average duration of cartels discovered

in the short-term leniency period (here defined as the 18 months following the leniency intro-

duction) is 221.727 days higher than for those discovered in the pre-leniency period. However,

this immediate increase in cartel duration is not significant.

Columns 2, 3 and 4 respectively include controls for the Dutch GDP, the budget allocation and

the number of cartel members (per cartel). The LENIENCY coefficient remains positive and be-

comes significant when including controls for the GDP and the annual budget. However, the

LENIENCY coefficient stays insignificant when only adding the number of cartel members as

control. All controls have the expected negative sign. As already mentioned, a higher number

of cartel members is likely to decrease cartel stability because monitoring within the cartel be-

comes more difficult. The higher budget allocation to the competition authority also decreases

cartel stability. This is due to the fact that the competition authority can take up a higher case

load when it has a higher budget. Consequently, a cartel is more likely to be discovered and

to dissolute earlier. Additionally, a higher budget allocated to the competition authority means

that the competition enforcer can also perform more pro-active detection such as random au-

dits. Therefore, the probability of being fined for participating in a cartel increases. Hence, the

expected fine from participating in a cartel is higher, which reduces cartel stability and duration.

Column 5 shows that once we include all controls in the regression, except the control for GDP,

the LENIENCY coefficient becomes positive and significant. One should notice that I decided

not to include the control for the annual GDP in my regression on cartel duration. This is be-
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cause of multicollinearity issues as explained hereunder 31.

Although the LENIENCY coefficient has the expected positive sign for all model specifications,

the first 4 columns show that the significance of the coefficient is quite sensitive to the model

specification. Additionally, the considerably high standard errors of my regressors, once I in-

cluded all controls (including GDP), raised my concerns that multicollinearity may be an issue

in my regression.

I therefore conducted a test on the correlation between the different regressors in the regression

including all controls. I found that the LENIENCY coefficient was correlated to both the annual

GDP and the annual budget 32. Moreover, the control for the annual GDP and the annual budget

were very highly correlated (above 0.95) in the model. Some predictors in my regression were

thus (highly) correlated with each other and my regression suffered from multicollinearity.

The issue with multicollinearity is that the regressors can to a certain extend be linearly pre-

dicted from each other. However, in the regression the unique effects of each individual pre-

dictor are estimated by holding all other predictors constant. Therefore, the regression ignores

the variance shared between the different regressors. This effectively reduces the variability of a

predictor and decreases its individual influence. Less variability will thus mean that there is also

less information to assess the individual effect of each predictor. My model may then still cor-

rectly predict how all regressors together predict the outcome variable, but the individual effect

(although still unbiased) is estimated less accurately (Verbeek, 2012). This is also reflected in

high standard errors, making the LENIENCY coefficient insignificant once I include all regres-

sors.

Generally, three remedies exist in case of multicollinearity. One can either drop one of the highly

correlated regressors, transform or combine the regressors or do nothing and report the inflated

results (Baguely, 2012). The correlation between the GDP and the annual budget was simply too

31In previous regressions, the dependent variable was the number of cartel discoveries per 6-month period. In
those regressions, the units of observations were half-year periods and the variation in the semi-annual GDP and
the semi-annual budget was relatively high across observations. The two regressors did not correlate with each
other as highly as in the regressions which have cartel duration per case as the dependent variable. For the latter
regressions, the fact that cartels (before leniency) were mainly discovered in the same year reduced the variation
in annual GDP and annual budget across the units of observation (per cartel case). The limited variation of both
of these regressors resulted in a high correlation between them. Multicollinearity (collinearity) was thus less of an
issue in the previous regressions but is an important issue for the regressions on cartel duration.

32The correlation of the LENIENCY regressor with GDP was approximately 0.85 and was slightly lower with the
annual budget.



7 EMPIRICAL RESULTS 50

high to consider the last option and ignore the issue. Additionally, combining the two regres-

sors in a coherent way was not possible. Due to the very strong correlation between the annual

budget and the GDP I thus decided to drop one of the variables. After careful consideration, I

decided to drop the control for the GDP. I dropped the control for the GDP instead of the one

for the annual budget for 3 reasons. The first reason was that the annual GDP correlated more

strongly with my dummy LENIENCY. In order to reduce the correlation between my remaining

regressors the more obvious choice was to drop the control for the GDP. Additionally, the varia-

tion in my model for the annual budget was quite strong. To be precise, there was a considerable

increase in the annual budget around the year 2000, when the Netherlands Electricity Regula-

tory Service (DTE) became a department of the NMa. Around the year 2000, the annual budget

increased quite strongly, also for the competition department. In the model, this variation is

quite important and it should be controlled for. Lastly, it was discussed above that the annual

budget is very likely to affect the expected fine of cartel members. This has a significant effect on

cartel stability. The explanatory power of the annual budget in my regression is therefore very

important and should be controlled for.

Columns 5, 6 and 7 therefore include the controls for the number of cartel members and the

annual budget. The columns show that the value of the LENIENCY coefficient still varies with

changes in the specification of the short-term leniency period. However, overall, the results

are robust and the LENIENCY coefficient is positive and significant for all specifications of the

short-term leniency period. Column 5 suggests that the cartel duration of cartels discovered in

the 18 months following the leniency introduction, is on average approximately 600 days higher

than for those discovered in the pre-leniency period. When extending the short-term leniency

period to the 24 months following the leniency introduction this increase is even stronger.

Overall, there is evidence that the introduction of the leniency program increased the cartel du-

ration of discovered cartels in the short run. The robustness checks, however, showed that the

results are sensitive to the inclusion of the different controls. Once we include the controls for

the number of cartel members and the annual budget, the increase in cartel duration is signifi-

cant for all specifications of the short-term leniency period. Once these controls are included in

the regression, Hypothesis 2 is thus validated.

Nevertheless, the standard error of the LENIENCY coefficient remains quite high, even after ex-
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cluding the annual GDP. One should note that multicollinearity can never be fully eliminated. In

this specific model, the annual budget still significantly correlates with the dummy LENIENCY

and the limited amount of cartel discoveries before the leniency introduction, unfortunately,

limits the amount of variation in the model. The individual predictor coefficients have thus to

be interpreted with care, even though the LENIENCY coefficient proved robust to changes in

the short-term leniency period. Overall, the coefficient should be interpreted as evidence for a

significant increase in the average cartel duration, rather than as a precise estimate of how large

this increase is.
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Table 7: OLS regression results: short-term effect on cartel duration

Variables No Control Variables Control Variables 12-month Period 24-month Period

(1) (2) (3) (4) (5) (6) (7)

LENIENCY 221.727 570.722** 555.834*** 226.719 638.624*** 550.609* 769.121***

(197.973) (201.261) (181.861) (205.923) (189.298) (272.940) ( 208.269)

Control Variables

GDP -5.007**

(2.168)

Budget -36.651** -45.153*** -47.256** -35.564**

( 13.478 ) ( 13.753) (14.337) (14.468)

Number of cartel members -36.608** -38.752*** -36.045* -20.414

(16.629 ) ( 15.363) (16.559) (25.820)

R2 0.050 0.093 0.092 0.244 0.308 0.555 0.074

Observations 15 15 15 15 15 9 26

Note: Table 7 shows the regression results for the short-term effect of the leniency program on cartel

duration. The dependent variable is the cartel duration per case. Columns 1, 2, 3, 4 and 5 use the period

up to 18 months after the leniency introduction as the short-term leniency period. Columns 6 and

7 are robustness checks and use respectively the period 12 months and 24 months after the leniency

introduction as the short-term leniency period. LENIENCY is a dummy which equals 1 if the period

postdates July 1st, 2002 and 0 otherwise. The time period over which the regressions run is reduced (as

compared to the full sample), such that the evaluated sample only includes cartels discovered before

the end of the short-term leniency period. For columns 1, 2, 3, 4 and 5 the regressions run over the time

period January 1998 until the end of 2004. For column 6 the regression runs over the time period January

1998 until the 1st of July 2003, whilst for column 7 the time period is extended until the 1st of July 2004

(see empirical framework, regression 4 for more details). Controls include the annual budget, annual

GDP and the number of firms per cartel. The t-statistics are computed with Newey-West (NW) standard

errors, which are shown in parentheses.

*** Significance at the 1 percent level.

** Significance at the 5 percent level.

* Significance at the 10 percent level.
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8 Extending the Discussion to Include the Leniency Revision

This section first discusses the effects of the leniency introduction on investigation time. There-

after, potential effects of the 2007 revision of the Dutch leniency program are addressed.

8.1 What Happened to the Investigation Time after the Introduction of the

Leniency Program

For the purpose of completeness, and because of the earlier findings of Brenner (2009), this sec-

tion comments on what happens to the investigation time after leniency is introduced. Brenner

(2009) found that the investigation cost, represented by the average investigation time to prose-

cute a cartel, decreases considerably after the introduction of the European leniency program.

I do not perform a formal test to evaluate in detail how investigation duration changes after

the leniency introduction in the Netherlands. This would go beyond the scope of this paper.

However, I would like to comment on the trend, which is observable in figure 4.

Figure 4: Cartel investigation duration over the years 1999 to 2015

Note: The vertical bars mark respectively the introduction of the leniency program (red), the introduction of the

first revised leniency guidelines (blue) and the implantation of the second revised leniency guidelines (green).
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To be precise, average investigation time seems to be increasing over the years 1999 to 2015.

After the initial leniency introduction (here again marked by the red, vertical bar; see also figures

2 and 3) investigation time increases rather than decreases. This seems counter-intuitive at

first and contradicts earlier findings of Brenner (2009), who found that leniency decreased the

investigation time of prosecuted cartels. Several factors could play a role and explain why the

investigation duration increases after the leniency introduction in the Netherlands.

First, one should notice that this graph does not correct for any cartel specific characteristics.

It could, for example, be that cartels over the years become more complex and have a lot more

cartel members. This could considerably increase the average investigation time a competition

authority needs to fully prosecute such complex cartels. Moreover, this trend could also more

generally reflect the idea that the Dutch competition authority tries to gather more information

in order to more precisely base the fines for cartels.

With respect to leniency, it is not always clear that it decreases the investigation time. Brenner

(2009) argues that revealed information by leniency applicants will generally make it easier for

the competition authority to fully document all cartel activities and to gather the needed evi-

dence for a successful conviction. He thereby distinguishes between information that is easy to

collect and information that is hard to collect. Intuitively, if cartel members reveal information

that is hard to collect, this will generally decrease investigation costs (and time) of the competi-

tion authority by a lot more than if easily obtainable information is revealed.

However, Brenner (2009) also mentions, that the additional information of leniency applicants

may increase the time a competition authority needs in order to fully investigate and prosecute

a cartel. This is the case if better-documented cases expose additional complex information on

the cartel and the relationship between its members. Documenting and investigating all this

information may lead to an increase rather than a decrease of the prosecution time. This espe-

cially holds true if the competition authority inspects all the additional information carefully in

order to make a better and more expansive fine assessment.

The increasing trend in the average cartel investigation time after the leniency introduction is

thus not necessarily counter-intuitive. The above-mentioned aspects may all play a role in ex-

plaining the increase in the average cartel investigation time. It might be due to the increasing

complexity of cartels. However, the higher investigation time might also be the result of the will-
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ingness of the competition authority to use all the additionally revealed information to better set

cartel fines. The increasing trend in the cartel investigation time might thus reflect a qualitative

increase of the fine assessment of the Dutch competition authority, rather than just reflecting a

reduction in the efficiency of the prosecution process.

8.2 What Happened after the Revised Leniency Program

Before concluding this paper, this section evaluates the subsequent revision of the Dutch le-

niency program. To be precise, I test whether there is an increase in cartel discoveries shortly

after the introduction of the revised leniency program on October 1st, 2007. I solely focus on the

short-term effect because of the limited time span of my sample of discovered cartels.

According to Miller (2009), an effective leniency innovation should lead to an increase in the

detection capabilities and increase the cartel discoveries in the short term. Hence, we should

observe a second spike in cartel discoveries shortly after the introduction of the revised leniency

program. However, in figure 2 we cannot observe a clear reversion of the downward trend in

cartel discoveries, which followed the short-term spike in cartel discoveries around the initial

leniency introduction. No clear second spike in cartel discoveries can be observed around 2007,

the year the leniency guidelines were revised.

Nevertheless, I perform a test in order to further investigate the short-term effect of the revised

leniency program on cartel discoveries. To be precise, I construct an OLS regression, in which

I compare the cartel discoveries in the 24 months before the leniency revision to those in the

24 months thereafter. In my regression, I control for the semi-annual Dutch GDP and the semi-

annual budget of the NMa/ACM. As expected the test reveals that the number of cartel discover-

ies is not significantly higher in the 2 years following the leniency revision as compared to the 2

years before33. The test results can be found in the appendix, table 9. This finding may indicate

that the leniency revision was too weak to have an additional impact on cartel discoveries.

When turning to the effect of the leniency revision on cartel duration, figure 3 shows that cartel

duration does not increase immediately after the revised leniency guidelines of 2007 (marked

by the blue, vertical bar). There is no formal analysis needed to see that cartel duration does not

increase significantly. If anything, the graph shows that the average cartel duration falls after

33Results also proved robust to the inclusion of the control for the total number of firms in the Netherlands.
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the introduction of the leniency revision. Of course, this graph does not yet control for cartel

characteristics such as the number of cartel members. Nevertheless, I limit myself to testing the

short-term effect of the leniency revision on cartel discoveries. I leave it for future research to

fully evaluate the revised and the 2nd revised leniency program, based on an updated sample of

cartel discoveries.

9 Conclusion

Leniency programs have become an essential tool for competition authorities to "fight" cartels.

However, it is difficult to justify to the public that some firms who participated in a cartel, and

by virtue committed a crime, are granted fine immunity and remain unpunished by the compe-

tition enforcers. This is why it is important to provide evidence on the efficacy of leniency pro-

grams, in order to justify their implementation to the public. Competition authorities around

the world, and especially the ACM, have begun to "start measuring the economic and customer

benefits from competition law enforcement in specific cases" (European Commission, 2016).

There is a trend in providing more and more evidence to the public on the importance of the

work of competition authorities. It is important to extend such evidence provision by evaluat-

ing the effectiveness of leniency programs.

The impacts of leniency as provided by the theoretical literature are ambiguous. Empirical as-

sessments of leniency programs are therefore particularly important. This paper provides some

evidence that the Dutch leniency program is effective in fighting cartels. To be precise, I show

that the number of discovered cartels increases significantly after the implementation of the le-

niency program and then starts falling again. This pattern is consistent with improved cartel

detection and also provides partial evidence for enhanced deterrence capabilities according to

Miller (2009). The fact that cartel discoveries do not revert below pre-leniency levels does not

necessarily reflect limited deterrence capabilities of the leniency program. It may also be due

to the short-term effect of the revised leniency programs counteracting the long-term effect of

the initial leniency program. If the leniency revisions increase detection capabilities even fur-

ther, cartel discoveries may remain high. Additionally, I show that cartel duration of discovered

cartels increases shortly after the leniency introduction. According to the theoretical model of
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Harrington Jr. and Chang (2009), this is in line with an effective leniency program that desta-

bilises cartels and leads to the dissolution of all marginal cartels.

The findings of this paper may help to justify the implementation of leniency in the Netherlands.

Results should still be interpreted with care because of the remaining collinearity issues in the

regression on cartel duration. Nevertheless, it is the first study on a national European leniency

program and confirms earlier findings of Zhou (2013) on the efficacy of the revised European

leniency program of 2002. The Dutch leniency program was initially based on the revised Euro-

pean leniency program of 2002. The leniency programs are very similar and the fact that both

of the studies found similar effects of leniency on cartel duration confirms the causality and

reliability of the estimated effects of leniency.

Moreover, this study offers a remedy to the existing literature on leniency programs. To be pre-

cise, this study, which only focuses on cartel discoveries at the Dutch national level, offers the

cross-sectional variation needed to address any remaining endogeneity issues in earlier assess-

ments. This especially holds true for the studies on the European leniency program. By com-

paring how cartel discoveries on the Dutch national and the European level change around, for

example, the introduction of the European leniency revision of 2002, one can correct for com-

mon trends that affect cartel discoveries in Europe. This will help to better assess the causal

effect of the leniency innovation. Future research should exploit such cross-sectional variation.

Furthermore, cross-sectional variation should be extended by also evaluating some of the other

national European leniency programs. This will make it possible to compare and confirm the

estimated effects, and thereby increase the validity of the studies on leniency.

Additionally, different factors that might influence the effectiveness of a leniency program are

discussed. This also means that the evidence provided on the efficacy of the Dutch leniency

program does not necessarily implicate that leniency is effective in all other countries. This

paper especially emphasises on the increasing reliance of competition authorities on leniency

and the adverse effects this might have on the effectiveness of such programs. The vast majority

of cartel cases at the European Commission are triggered by leniency applications. In 2015 and

2016 all decision adopted by the European Commission on cartel cases were based on immunity

applications (Ysewyn & Van Schoorisse, 2016). This raises the question whether competition

enforcers nowadays rely too much on such leniency programs.
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In the sample of cartels convicted in the Netherlands between 1998 to 2015, approximately 30%

of all convicted cartels had at least one leniency applicant and around 10% of cartel convic-

tions were triggered by a type A leniency application. This indicates that the Dutch competition

authority (NMa and later the ACM) does not only rely on leniency but also discovers cartels by

other means. The ACM conducts market research and also performs on-site firm visits to "fight"

cartels. These are often triggered by initial complaints of rivals and customers. Active commu-

nication with the public and rigorously assessing complaints (i.e through follow-up market re-

search and on-site firm visits) is important to increase the expected fine for colluding firms. This

may account for the finding that the Dutch leniency program, with an established competition

enforcer behind it, is effective. It is therefore advisable that the Dutch competition authority, as

well as other competition enforcers, remain pro-active in the future and do not simply rely on

leniency.

Despite the extensive analysis of the Dutch leniency program, further room for research on this

topic exists. Even though this paper already comments on the 1st Dutch leniency revision, a

more extensive evaluation of the 1st and 2nd revision would be interesting. This would help

to further assess the effectiveness of recent changes in the Dutch leniency guidelines and ul-

timately also in the ECN Model Leniency guidelines, to which the former adapt. It would be

particularly interesting to evaluate the effectiveness of the 2nd revised Dutch leniency guide-

lines. In fact, these revised guidelines assure that the first one to apply for leniency will not

receive a fine, regardless of whether the ACM already started an investigation or not. This could

potentially have adverse effects. It may reduce the incentive of cartel members to provide in-

formation to the authority if the latter has not yet commenced an investigation. This could

considerably reduce the information flow to the authority. It may also further increase the need

of costly random audits and data collection by the competition enforcer before he receives di-

rect information of the cartel from leniency applicants. It would thus be interesting to follow

and evaluate the future trends with respect to the timing of the first leniency application in the

cartel prosecution process.
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10 Appendix

Table 8: Test results for the Poisson and negative binomial model fit

Test Results Deviance goodness-of-fit Pearson goodness-of-fit Likelihood-ratio test of η=0:

(1) (2) (3)

chi-squared value 11.532 11.925 0

Prob > chi2 0.173 0.155 0.500

degrees of freedom 8 8 1

Table 9: Short-term effect of the revised leniency program on cartel discoveries

without controls with controls

(1) (2)

REVISION 0.25 2.575

(1.409) (1.948)

Control Variables

GDP -58.873

(100.457)

Budget 0.609

(0.883)

R2 0.005 0.300

Observations 8 8

Note: Table 9 shows the regression results for the short-term effect of the revised leniency program on cartel

discoveries. The dependent variable is the number of cartel discoveries per 6 months. REV I SION is a dummy

that equals 1 if the period postdates the introduction of the revised leniency program of 2007 and 0 otherwise. The

regressions in columns 1 and 2 only run over the limited time period from July 2005 to July 2009. This reduces the

evaluated sample to cartels discovered in the two years before and in the two years after the introduction of the

revised leniency guidelines. The REV I SION dummy therefore compares the average number of cartel discoveries

(per 6 months) in the two years following the leniency revision to the one in the two years before. The variable

GDP is the annual Dutch GDP. The variable budget is the budget of the NMa/ACM solely allocated to the

competition department. The t-statistics are computed with Newey-West (NW) standard errors, which are shown

in parentheses.

*** Significance at the 1 percent level.

** Significance at the 5 percent level.

* Significance at the 10 percent level.
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