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Abstract
Competition authorities usually consider the introduction of leniency programs as a success story. The
increased incentives to report on fellow cartelists due to the introduction of leniency is likely to have
contributed substantially to the clear increase in the number of detected cartels. Critics argue that
leniency programs primarily target weaker cartels, whereas the most profitable cartels stay undetected
and may even benefit from a shift in the authority’s resources from active cartel screening to the handling of allegedly less important leniency applications. We show that this perception cannot be upheld
in a numerical Bertrand competition model with heterogeneous products. In our approach, more profitable cartels consisting of producers of closer substitutes tend to be less stable. Thus leniency programs do in fact threaten more harmful cartels.

Zusammenfassung
Wettbewerbsbehörden betrachten die Einführung ihrer Kronzeugenprogramme in der Regel als großen Erfolg. Der durch diese Programme induzierte Anreiz für Unternehmen sich selbst und Mitkartellanten anzuzeigen, hat vermutlich einen großen Beitrag zum feststellbaren deutlichen Anstieg in der
Anzahl an aufgedeckten Kartelle geleistet. Kritiker hingegen argumentieren, Kronzeugenprogramme
würden vornehmlich schwache Kartelle bedrohen, während die profitableren Kartelle nicht nur davon
unberührt bleiben, sondern möglicherweise sogar profitieren. Dies ist dann der Fall, wenn die Wettbewerbsbehörde ihre beschränkten Ressourcen in die Bearbeitung von vermeintlich unwichtigen Kronzeugenanträgen einsetzt, statt sie für ein effektives Kartellscreening zu verwenden. Wir zeigen, dass
diese Vermutung in einem numerischen Bertrand-Modell mit differenzierten Gütern nicht aufrechterhalten werden kann. Insbesondere die profitablen Kartelle zwischen Produzenten enger Substitute
sind in unserem Modellansatz weniger stabil, so dass die Kronzeugenprogramme gerade diese Kartelle destabilisieren.
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Introduction

Agreements between competing firms may lead to inefficient control of prices or quantities, or prevent
efficient entry into a market. Cartels are forbidden in most jurisdictions with a well-developed competition law. For instance, Article 101 of the Treaty on the Functioning of the European Union prohibits all
agreements that distort competition, with only limited exceptions in case the agreements have other
desirable effects and consumers also benefit.
The most common agreements are on prices or quantities. However, firms may also agree on market
shares, standards, wages or any other characteristics of competition. Even the pure exchange of information can be anticompetitive. In contrast to legal cartels, binding contracts are unavailable due to
the illegal nature of the agreement. They usually take place in secret meetings and cannot be enforced in court. The illegal characteristic of a cartel puts a particular risk at the stability of cartels consisting of large undertakings, which is especially prevalent in international contexts. Details of the cartel arrangement need to be fixed, which usually makes it necessary to take notes on a higher management level. Moreover, the agreement needs to be communicated and enforced upon different levels of the organization, i.e., the sales department or distribution managers. Thus it is very unlikely to
form an illegal cartel without leaving any traces via notes, emails or databases. This provides possible
targets for competition authorities to prove the existence of a cartel.
Nevertheless, cartels are difficult to detect, as competition authorities may only search premises or
digital communication if they already have a serious suspicion. As a consequence, relatively few convictions took place after the introduction of cartel bans in the western world. This changed when competition authorities and policymakers decided to convey the method of leniency from criminal law. By
giving a more lenient punishment to the first member of a group who comes forward and confesses an
offense, an incentive to reveal is created. Moreover, game theory works in the competition authorities’
favor, as all members of a cartel have to fear that the fellow cartelists apply for leniency and reveal
their fellow members who face severe punishment. The introduction of leniency programs on the European level in 1996 is believed to be one of the main reasons for the substantially higher number of
1
convicted cartels since 2000 shown in Figure 1.

Figure 1: Number of cartel cases decided by the European Commission since 1990 (dark blue bars) and
fines imposed in billions of Euro (light blue bars; not adjusted for Court judgements)
Source: European Commission (2016a)

As Figure 1 indicates, since the five-year period starting in the year 2000, the number of fined cartels
experienced a massive increase and stayed on that higher level in the following two five-year periods.
The total fines imposed show a comparable development, however with slightly delayed development.
Although we are unable to provide concrete empirical evidence, it appears likely that the introduction
of the European leniency program contributed substantially to observable increases of both cartel
cases and imposed fines and should therefore be considered as a success story (Hoang et al., 2014).
1

See Hoang et al. (2014) for an analysis of determinants of self-reporting.
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However, the question remains which types of cartels are likely to be detected through this mechanism. If it is the case that leniency destabilizes less profitable cartels, the mechanism might show adverse effects on cartel detection (Aubert et al., 2006). The reason is that competition authorities usually bind substantial resources in these proceedings. If from an overall perspective the detected cartels
are less profitable and tend to have a small welfare-decreasing economic impact, the approach might
be misleading. Highly profitable and more harmful cartels may not only be immune to the incentives of
the leniency program, they may even find it easier to disappear under the radar of cartel detection
given that the competition authority may be bound in proceedings due to leniency applications. This
critique is not far-fetched, as in a situation where cartel profits are extremely high for all members, they
would seemingly all be better off by continuing the cartel compared to the situation with a leniency
application and subsequent fierce competition.
Our paper assesses this idea and analyzes the relation between cartel profitability and its stability. In a
numerical model of Bertrand competition with heterogeneous products, we distinguish highly profitable
cartels from less profitable ones and analyze which ones are more likely to be destabilized by a leniency program. We derive the profitability of cartels by differentiating between cartels whose members
produce rather close or distant substitutes. Assuming that the producer of the closer substitute exerts
more pressure under competition, we consider closer cartels to be more profitable. We then show that
firms of profitable cartels have stronger incentives to deviate. Whereas the firms in the profitable cartel
also have a higher incentive to continue the cartel, it turns out that the effect of stronger deviation incentives dominates. Thus, more profitable cartels tend to be less stable and more vulnerable to welldesigned leniency programs.
Our result also has implications for international management. As our analysis underlines, the growing
risk of cartel detection stresses the importance of competition law compliance programs, especially in
international organizations. By learning about the rationale of cartel formation, managers enhance
their ability to detect cartels among their rivals, their suppliers and within the organization by employees.
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Cartel formation, cartel detection and international management

From a firm’s perspective, a monopoly position grants the highest profits. As a consequence, firms
have an incentive to form cartels and collude on important aspects of competition, particularly prices
and quantities. However, forming a stable cartel is not easy to accomplish, as each individual firm will
find it optimal to lower its price given the high prices of its competitors. The deviating firm would thereby attract additional demand from its rivals and earn higher profits, at least in the short run.
The reason why a cartel is difficult to form can be illustrated in the following stylized example. Suppose there is a market with two producers of homogeneous goods and constant marginal costs of 2.
Each consumer has a willingness to pay of 10, and would like to buy at most one unit. Consumers
observe prices of both firms and choose to buy from the lower priced firm. If prices are the same, total
demand in the market is split. Here, if both firms compete, they have an incentive to undercut the rival
by the minimum difference, up to the point where both firms charge exactly the marginal costs. This
2
would leave firms without economic profits. By forming a cartel, firms could agree to charge a price of
10 for each unit and make a profit for each unit they sell. However, this cartel agreement is not sustainable in a static setting, because given the idea about the other firm’s price, each cartel member
has an incentive to deviate from the agreement by undercutting it slightly and serving the whole market demand.
3

A cartel can be possibly sustained with repeated interaction over an infinite or unknown time horizon.
Knowing that the market will also exist in the future, it becomes rational to cooperate with the competitor if a firm believes that cheating on the cartel agreement in the first stage leads to tough competition
with low profits in future periods. Tough competition can be interpreted as a punishment for deviation.
There are many punishment strategies, of which the most common is called grim trigger. If firms play
grim trigger strategies, they cooperate in the beginning of a game, but will never cooperate again in
4
subsequent periods if cheating occurs. With grim trigger strategies, the decision to continue a cartel is
easily reached by comparing the continuation payoff (cartel profits in all periods) with the deviation
payoff (a very high deviation profit for one period plus low competition profits in all future periods). The
result of the comparison depends on how much firms prefer immediate payments over future payments. The more patient a firm is, the more likely it is that it solves the trade-off in favor of carteliza5
tion.
This gives the special role to the discount factor, the focus of our modeling approach. The reason why
cartels can still be stable is that firms will foresee that undercutting their rivals will eventually trigger
price adjustments by its competitors. Those downward adjustments may very well lead to all firms
making lower profits compared to the cartel situation. Therefore, patient enough firms will reject the
high short-term profit and prefer to keep long-run profits higher, whereas impatient ones prefer to defect. In order for a cartel to remain stable, this condition must be fulfilled for every member. Moreover,
all members must believe at all times that no other firm will deviate, because if this was not the case it
faced an incentive to deviate first.
Cartels were common and legal for a long time. With the Sherman Antitrust Act from 1890, the United
States took a pioneering role in the fight against cartels. Nowadays, cartels between firms are illegal in
2

This is known as Bertrand’s paradox, because firms have no market power even though they are part
of a duopoly.
3
The unknown or infinite horizon is important. In a game with finite horizon, backward induction leads to
the consideration that deviating is optimal in the final period, as no future punishment is available anymore. Given this, deviation is also optimal in the penultimate round, and by the same reasoning in any
period before. Only with an unknown time horizon, there is always a possibility to punish deviating behavior in an infinite number of time periods.
4
Alternative punishment schemes may restrict the punishment to a limited number of periods. This is
particular reasonable if deviations can happen accidentally or if a firm does not know whether a drop in
its own demand happened because of a deviation or because of happenings outside the rival’s control.
5
For a more detailed discussion about the stability of cartels, see Chapter 14 of Belleflamme and Peitz
(2015).
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most jurisdictions and circumstances. The prohibition is justified with the damage that cartels cause,
for both the other side of the market and total welfare. For the other side of the market, damage arises
for two reasons: First, the customer pays higher prices, leading to a redistribution of profits from the
demand side to the cartelist firm. Second, if demand is not completely inelastic, the amount traded
decreases. This latter effect is to the disadvantage of the customer and decreases total welfare, as
6
potential beneficial trade is not being realized due to artificially high cartel prices.
Many prominent examples of cartels exist. The railroad cartels in the United States at the end of the
th
19 century and their anti-competitive effects provide early examples, and there are a number of cases in the US and the EU which led to heavy fines in the last couple of years. For instance, a record
fine of almost 3 billion Euros was set by the European Commission for a cartel of truck producers in
July 2016, even though the leniency rules were applicable and there was a substantial fine reduction
due to settlement procedures (European Commission, 2016b). An industry that is notoriously prone to
cartels with detections and former legal examples in many countries is the cement market in the EU
(Hüschelrath and Veith, 2016; Fink and Frübing, 2015). In the US, prominent and well-documented
cartels include the sugar cartel (Genesove and Mullin, 2001), the vitamins cartel (Marshall et al., 2008),
and the gasoline cartel (Clark and Houde, 2014). On a global basis, OPEC is a well-known cartel between oil producing countries which is difficult to tackle by national competition authorities. However, it
has also been less successful in sustaining high oil prices in recent times due to internal coordination
problems.
In order to enforce the prohibition of cartels, a combination of substantial fines and a decent chance of
detection are needed hand in hand, as even very high fines do not deter if they only occur with a very
small probability. Whereas fines are limited by the law, the principle of proportionality and the
7
knowledge that firms might go bankrupt , the detection probability can be influenced by the effectiveness of concerned competition authorities.
As it is hardly possible to catch firms and executing individuals when they meet and discuss their
agreement, an important tool for active cartel detection is screening. This is a method that tests
whether a cartel is likely to exist in a particular industry. There are structural and behavioral screens.
Structural screens rely on factors that economic theory identified as collusion facilitating factors. These
factors include a small number of competitors, high entry barriers, multi-market contact and credible
punishment possibilities. Behavioral screens monitor prices, auction activity or market shares and
identify industries where the evolution of these statistics differs from normal non-cartelized industries.
The main challenge for screening is that many of the industries which meet these factors are supposed to be competitive, and the knowledge of common screens allows cartelists to adapt their behav8
ior such that it is hard to identify them using screens. Thus, as both structural and behavioral screens
often deliver only circumstantial evidence that is insufficient for convictions – and sophisticated cartels
know screens and adapt to them – policymakers and competition authorities decided to convey to the
usage of leniency programs from criminal law to competition law.
By providing leniency applicants with a substantial fine reduction or even immunity, the competition
authority sets an incentive for firms to come forward and confess their offense, thus destabilizing the
cartel. The leniency program of the European Commission is described in the most recent version of
the leniency guidelines (European Commission, 2006). It rewards the first leniency applicant of an
undetected cartel with full immunity from fines if certain conditions are met. The most important condition is that the cartel has not yet been discovered and the commission would not have been able to
search premises of the cartelists without the leniency application. Alternatively, it is sufficient if the
leniency applicant puts the Commission in a position to prove the cartel. All applicants must fully com6

The first effect is merely redistributional.
As bankruptcy causes job losses and is not intended as a punishment strategy, competition authorities
and governments usually avoid this scenario by setting fines which do not have this effect.
8
For more information on screening see for instance Friederiszick & Maier-Rigaud (2008).
7

9

BIIBS Berlin Institute for International Business Studies
Berlin School of Economics and Law – Hochschule für Wirtschaft und Recht Berlin

Working Paper No. 3

ply during the investigation and put an end to the infringement. They may not disclose the contents of
their application to other companies. Companies that force other companies to participate in the cartel
cannot receive immunity. There is also the possibility of a fine reduction if the conditions above are not
met, but significant added value that reinforces the commission’s ability to prove the cartel is provided.
The first applicant for a fine reduction receives a reduction between 30 and 50%, the second between
20 and 30% and all others up to 20%. Since only the first applicant can receive full immunity, the danger that a fellow cartelists applies first for leniency strengthens the incentive for each firm. In addition
to leniency reductions, all cartelists (not only leniency applicants) can receive a 10% reduction of their
fine if they agree to a cartel case settlement. This implies that firms admit their liability and accept a
shorter procedure. Settlements are not possible in all cartel cases with the commission deciding which
cases are suitable. It should be noted that all these reductions refer to fines set by the Commission
and do not prevent any liability for damage claims of the victims of a cartel.
In the United States, a leniency program was implemented in 1978. The minimum requirement for
granting leniency is that there was not yet sufficient evidence for a conviction before the application.
Moreover, the applicant must terminate its participation in the cartel, report the wrongdoing with all
necessary details and make restitutions to injured parties. In theory, the program is only for first-in
applicants and they may receive immunity if they applied sufficiently early and granting leniency would
not be unfair to others in view of the company’s role in the cartel. In practice, second-in applicants may
9
obtain significant benefits by entering a plea , though the guidelines do not list fixed percentages like
the European ones (Department of Justice, 2008).
As many cartels operate across borders, the issue of cartel formation and its detection is important in
the international management context. First, firms may interact with cartelized markets. For instance,
they may be victims of anti-competitive behavior by paying artificially high prices to cartelized firms on
the input markets. If they compete with cartelized firms in the output markets, firms may also benefit
from anticompetitive behavior of competitors. A cartel usually leads to higher demand, thus firms are
able to charge higher prices and step under the umbrella of the cartel, even though they are not a
member of it (Blair and Maurer, 1995, Inderst et al., 2014).
Second, with respect to management and organizational questions, cartels may be a threat to effective compliance, especially if managers at the higher level are unaware of anticompetitive conducts at
lower management levels. The same may also apply vice versa: If the higher management levels
agree on an anti-competitive conduct, the agreement needs to be communicated and enforced down
the line, putting a risk with respect to detection and compliance at lower management levels. It should
also be noted that there is often a grey area between desired legal and damaging illegal cooperation
between competitors. As large international companies are not a black box, the top-level management
usually has some leeway in how much control they exert on lower management levels, where employees such as salespersons might individually engage in a cartel. Independent of these organizational
questions, it is important to understand the general incentives for rational cartel participation and behavioral aspects. It is expected that some decision makers would always respect a prohibition and at
least refrain from definite violations of competition, whereas others would weigh the benefits of the
cartel against the probability of being caught and the punishment in case of detection. Our finding that
leniency programs actually endanger the more profitable cartels implies that the risk of detection with
its severe consequences should not to be underestimated. Therefore, top-level management should
make sure that it (together with the lower management levels) complies with competition law. Whatever the particular issues in a company, managers are well-advised to be informed about cartel formation, cartel detection and peculiar consequences.
Third, the importance of cartels for international management can also be seen from the high penalties
which potentially arise. Fines of several hundred million Euros are common in European competition
law, with the record fine being close to three billion Euros for a cartel of truck manufacturers in 2016.
9

See Shearman and Sterling (2014).
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The individual fine for each company can reach up to one tenth of the turnover. Moreover, criminal
charges against individuals are an option in some jurisdictions. For instance, in the United States jail
sentences may occur, whereas the European competition system refers to fines only. Personal consequences usually occur in any way, through private litigation against managers or job losses as a
consequence of breaching competition law.
Finally, multinational companies often operate in multiple jurisdictions with different competition law
regimes. This implies that they have to comply with somewhat different rules in different regions. Expanding business into more cartel-prone regions may involve risks, as cartels in these regions could
still hurt buyers in regions with a strict cartel regime and therefore trigger enforcement activities there.
Corporate social responsibility should include a commitment not to engage in cartel activity anywhere,
as a violation could seriously endanger a firm’s reputation.
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A brief survey of related literature

Our approach addresses the question whether more profitable cartels tend to be more stable in a setting with infinitely repeated Bertrand competition and differentiated products. We show that cartels
between firms producing close substitutes tend to be more profitable but also less stable than cartels
between firms that produce rather differentiated goods. We measure the stability of a cartel by the
critical discount factor which is necessary to maintain collusion. As stated, the critical discount factor
describes the minimum patience that is necessary such that all firms prefer to stay in the cartel. It is a
measure for the tradeoff between short-term profits from deviation and long-term profits of collusion. It
implies that a cartel is stable if firms put heavy weight on profits in the far future. The larger the critical
discount factor in a particular cartel situation, the less likely it is to find parameter ranges such that the
cartel is sustainable.
10

The standard insight from cartel theory suggests that more profitable cartels tend to be more stable.
If a cartel is more profitable, long run benefits from collusion tend to be higher. This implies that it is
easier to destabilize a cartel if the short run gain from deviation is high, punishment is weak or firms
are sufficiently impatient. Our approach adds to this view and indicates that profitable cartels may be
less stable and easier to address through leniency programs. The intuition behind this finding is that
deviation incentives are stronger in more profitable cartels. In other words, by undercutting its rival, a
firm can make a higher profit if the fellow cartelists produce close substitutes. This effect often leads to
a lower stability of more profitable cartels. As leniency programs manipulate the incentive constraints
in a way that a higher critical discount factor is needed to sustain a cartel, this implies that leniency
programs actually endanger particularly the profitable and most harmful cartels.
Our approach relates to literature in three aspects. First, several papers analyze cartel stability related
to product differentiation in classical Bertrand and Cournot competition models. Second, some contributions relate cartel stability to product differentiation in alternative settings such as Hotelling or spatial
11
models. To the best of our knowledge, for both of these streams, there is no current research that
additionally considers leniency programs and the question which cartels are threatened by them. We
also consider papers looking at tacit collusion rather than explicit cartels, as the mechanisms behind it
are similar from an economic modeling perspective. Third, a very recent stream of papers studies the
impact of leniency programs on the number of detected cartels.
Starting with the first stream, our approach goes back to the contribution of Deneckere (1983), who
compares the stability of collusion in price and quantity competition. He finds that collusion is more
stable with price competition if goods are close substitutes, with the opposite being true if goods are
more distant. Rothschild (1992) finds that greater substitutability decreases cartel stability, which contradicts the result of Deneckere (1983). Albaek and Lambertini (1998) solve this puzzle and show that
Rothschild neglected non-negativity constraints of the cheated firm. They also conclude that there is a
non-monotone relationship between substitutability and the critical discount factor. All these papers
analyze duopoly markets, whereas we analyze a market with an arbitrary number of firms. Symeonidis
(1999) analyzes cartel stability in a setting with vertically differentiated products. He finds that a larger
quality difference makes collusion more difficult. This is in line with our argument, whereas we study
horizontal differentiation. Closer to our approach, Symeonidis (2002) analyzes horizontal differentiation for multiproduct firms. He finds that collusion is more difficult to sustain if firms increase the number of products they offer. Harrington (1989) analyzes cartel stability with asymmetric firms. However,
in his model products are homogeneous and the firms differ with respect to their individual discount
factors. Our approach analyzes single product firms, which may be identical or not, with heterogeneous products.

10
11

See for instance Chapter 14.2 of Belleflamme and Peitz (2015).
See for instance Chapter 5 of Belleflamme and Peitz (2015).
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With reference to alternative competition models, Chang (1991) explores the relationship between
product differentiation and the ability of firms to collude in a Hoteling setup. In line with our argument,
he finds that collusion between producers of closer substitutes tends to be less stable. Ross (1992)
confirms this finding for a quadratic utility model and a spatial model. Apart from using a different
model setup, both authors do not relate those results to leniency programs. Østerdal (2002) also confirms the view that collusion stability increases in product differentiation, but does not consider any
influence of a competition authority. Posada (2000) contributes to the debate with an analysis whether
increasing product differentiation influences the decision of cartel members to punish a deserting firm
or to continue the cartel with one member less. He finds that this depends on cartel and industry size
and the reaction of loyal members, whereas he does not consider leniency programs. With a leniency
application, the option of continuing the cartel would not be possible. Summing up these two streams
of literature, there is evidence that more profitable cartels between close substitutes tend to be less
stable than more distant cartels. We add to this literature, and relate our results to the discussion of
leniency programs.
Our core policy question, namely which type of cartels are detected by leniency, is touched by papers
in the third stream. Harrington and Chang (2015) find that leniency programs can both increase and
decrease the number of cartels, depending on its exact implementation. The paper does not distinguish between profitable and less profitable cartels though. Jensen and Sorgard (2016) also study
whether more or less profitable cartels are deterred and are in that sense close to our paper. However,
while having leniency in their model, they focus on the effect of the fine level and the possible introduction of private litigation and criminal sanctions like imprisonment. They find that fine schedules
used in practice are actually more likely to deter the less profitable cartels while stabilizing the harmful
ones. However, this does not contradict our finding for leniency.
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The model

In order to study which kinds of cartels are most likely to be destabilized by leniency programs, we use
a differentiated products framework à la Bertrand with n firms that compete in prices over an infinite
time horizon. Let N≡{1,…,n} be the set of firms, and M∈N be the subset of firms which form a cartel.

mi=1 if firm i is a member of the cartel, and 0 otherwise. The profit of firm i given cartel structure m is denoted as Πi(m). We define a cartel as a situaThe cartel structure is indicated by m=(1,…,n), with

tion where all member firms jointly maximize profits and, by assumption, coordinate on the highest
possible cartel price. The firms share a common discount factor δ < 1. The demand system is given as
follows:
!

D! ! p! ! = a! − b!! p! +

b!" p!
!!!;!!!

The demand of each individual firm i depends on a linear demand parameter ai, which represents the
size of the market. The b-parameters indicate own-price and cross-price elasticities. The own price
elasticity increases in bii, the cross-price elasticity of firm j on firm i increases in bij. Thus firms producing closer substitutes are represented by higher bij parameters. In case of symmetric firms i and j, bii =

bjj and bij = bji.
Assuming constant marginal costs, we compute optimal prices, outputs and profits for any alternative
cartel structure and full competition. We assume that members of a cartel act like a merged firm, i.e.,
they optimize prices over the sum of all profits of all cartel members, thus internalizing the positive
external effect the own price increase has on its competitors. This leads to optimal cartel prices and
the respective cartel profits of the insiders.
Using this differentiated products framework allows us to compare cartels between rather close and
distant competitors. We expect and find that cartels between close competitors, that have a relatively
large impact on each other’s sales, can earn significantly higher profits compared to competition;
whereas cartels between distant competitors that have little impact on each other’s sales, have less
impact on profits.
As stated in the introduction, a cartel is not self-enforcing even in the absence of competition rules.
For a cartel agreement to be sustainable, two conditions need to be met. A cartel is stable only if no
insider has an incentive to leave the cartel (internal stability), and secondly, if no outsider faces incentives to join the cartel (external stability). Whereas this idea is widely recognized (d’Aspremont et al,
1983), we need to specify it in detail.
Definition 1 (internal stability): A cartel meets the internal stability condition, if two conditions are
met:
(i) No cartel member has an incentive to unilaterally destroy the cartel.
(ii) No cartel member has an incentive to peacefully leave the cartel without destroying it and step
under the umbrella of the reduced cartel.
This definition implies the following: Part (i) is the standard condition for tacit collusion which requires
that a firm stays in the cartel only if the discounted benefit from long term cartel membership is higher
than the short term benefit from deviation plus the discounted profits of the subsequent punishment
phase. We use this condition to derive the critical individual discount factor of each cartel member, δi.
This factor reflects the critical value of firm i; if the internal degree of patience of firm i is more pronounced (i.e. firm i’s internal discount factor is larger than the critical one), the firm has an incentive to
stay in the cartel. Given that the firms do not differ with respect to their individual discount factors, the
definition states that a cartel can only be internally stable if all firms meet the critical discount factor of
14
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the cartel. So we define it as the highest value of the individual critical discount factors for a given
cartel structure m, δ(m)≡max(δi) for all i∈M.
The second part addresses the option that a firm may want to silently leave the cartel without destroying it and freeride under the umbrella of a reduced cartel. This is either the case if the profits in the
cartel are higher than the profits as an outsider of the cartel; or given that the latter are higher, the
reduced cartel is not sustainable for the parameter range of δ(m), i.e., for any δ(m) below the critical
discount factor of the reduced cartel. It is evident that the option to silently leave the cartel does only
exist for cartels of at least three members.
The following definition refers to the requirement that no cartel outsider faces incentives to enter the
cartel for a cartel structure m to be stable.
Definition 2 (external stability): A cartel meets the external stability condition, if no outsider who
wants to enter the cartel exists. This is the case if for any outsider one of the following conditions hold:
(i) The profits of the outsider for a given cartel structure m is larger than the profits as an insider
of the extended cartel,
(ii) or given that the reverse holds, the extended cartel is not sustainable for the given discount
factor.
12

By definition, a cartel of all firms is externally stable. For non-comprehensive cartels, condition (ii)
states that given that the profits in the cartel are higher than the profits as an outsider, the external
stability condition is only fulfilled for the parameter range of the discount factor of cartel m, which is
below the critical discount factor of the extended cartel.
Both external and internal stability need to be met for a cartel to be sustainable. As will be shown below, for some discount factors no cartel structure will be sustainable, whereas for other discount factors multiple structures might emerge. This actually helps our analysis, as we are able to compare the
profitability and stability of different cartels structures for the same parameter range.

4.1

A numerical result

To illustrate the idea that profitable cartels consisting of close competitors tend to be less stable than
cartels between more distant firms, we provide a parameterized version of the model. Suppose n=4,
zero marginal costs for all firms and demand parameters as follows:

ai=1000, bii=25 for all i.
Set

b13=b31=4
b24=b42=4
for firms 1 and 3 (2 and 4), which are close competitors. For all other cross-price effects we assume

bij=bji=2.
We calculate the critical discount factor for any possible cartel structure. Table 1 provides the results
13
for the four different types of cartel structures which might occur.

12

By assumption, entry does not occur in our model. This assumption is justified, as cartels are more
likely to occur in industries with high entry barriers (Levenstein and Suslow, 2006).
13
For instance, cartel structures (0,1,01) and (1,0,1,0) or (0,0,1,1) and (1,1,0,0) are symmetric. Therefore
we only state one of these cases.
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(0,1,0,1)
close cartel
(0,0,1,1)
distant cartel
(0,1,1,1)
mixed cartel
(1,1,1,1)
complete cartel
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δ(m)

Π1(m)

Π2(m)

Π3(m)

Π4(m)

0.4582

14410

14301

14410

14301

0.3584

14329

14329

14217

14217

0.5313

14768

14406

14451

14406

0.5092

14706

14706

14706

14706

Table 1: Critical discount factors and the cartel profits
for different cartel structures of the parameterized model
Source: Own calculations

In a next step, we check for internal and external stability. Consider for instance a cartel which consists of two close competitors, m=(0,1,0,1). The internal stability condition is satisfied for any δ>0.45.
As there is no smaller cartel available, a peaceful exit is not an option. For external stability it is necessary that no outsider prefers to enter the cartel. This is true because Π1(1,1,0,1)>Π1(0,1,0,1). The
larger cartel is sustainable for any δ>0.53, so m=(0,1,0,1) is internally and externally stable for
0.45<δ<0.53. The same reasoning applies for a comprehensive cartel, which is sustainable for δ>0.50.
With respect to internal stability, it pays off to silently leave the cartel and step under its umbrella. Cartels made of three firms are sustainable only for δ>0.53, so the comprehensive cartel meets the internal and external stability requirement for 0.50<δ<0.53.
Figure 2 presents the cartel structure for the parameterized model dependent on the discount factor, δ.
14
Different kinds of cartels are symmetric , so we state the relevant types of cartels and examples only.
For 0.45<δ<0.53 different cartel structures might emerge. The comprehensive cartel Pareto dominates
all other cartel structures, so there is reason cartels made of two firms in this parameter range will not
be chosen.

Figure 2: Structure of stable cartels for the parameterized model
Source: Own calculations

In a final step, we compare the sustainability and profitability of different kinds of cartels and indicate
that more profitable cartels tend to be less stable. We use the profit values of Table 1 for this comparison. There is a parameter range δ∈[0.46;0.53] where different types of cartel structures might emerge.
First note that the complete cartel Pareto dominates the distant and close cartel, so this is likely to be
rationally chosen for δ∈[0.51;0.53]. If we compare the close cartel to the distant one for δ∈[0.46;0.51],
profits in the close cartel case are higher for the insider firm four in both situations, as well as in sum.
However, the close cartel is sustainable only for a smaller parameter range of the critical discount
factor, hence less stable. For instance, if the firms have (identical) individual critical discount factors of
14

Any cartel with three firms consists of two close and one distant competitor. There are close and distant cartels for the case of two cartel members (i.e. m=(1,1,0,0) is a distant and m=(1,0,1,0) is a close
cartel).
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δ=0.39, the distant cartel is sustainable but not the close one. This indicates that more profitable cartels, due to higher substitutability, are less likely to be stable.

4.2

Lessons learned and open questions

The parameterized model indicates that more profitable cartels between close substitutes tend to be
less stable than less profitable cartels between distant producers. The analysis shows that this is at
least the case in somewhat symmetric situations. However, the result does not hold in general.
To indicate this, we generalize the approach and derive the cartel structure for the case of three firms
with linear demand. For simplicity, we assume n=3, ai=a for all i, and the following substitution matrix:
b!!
b!"
b!"

b!"
b!!
b!"

b!"
b
b!" = d
b!!
g

d
b
g

g
g
b

We assume that the own-price effect is identical for all firms, and there is symmetry with respect to
substitution between firms 1 and 2. Substitution of firm 3 on firm 1 and 2 is less intense than substitu15
tion between firm 1 and 2, d>g, so firms 1 and 2 are close competitors. The profit of firm i given cartel structure m is:
!

Π! ! m! = p! ! a − b!! p! +

b!" p!
!!!;!!!

Three different cartel typologies might emerge: A complete cartel, m=(1,1,1), a cartel of close competi16
tors m=(1,1,0), and a cartel of distant competitors, m=(1,0,1) or m=(0,1,1). As computations show ,
our intuition holds that higher cartel profitability tends to be associated with larger critical discount factors, i.e., more profitable cartels tend to be less stable. However, this is not always the case and our
result does not hold in general. To illustrate this, consider the full cartel case and an increase in g,
which indicates a higher degree of substitutability of firm 3 against the other ones. Even though this
leads to an increase of cartel profits, the effect of the critical discount factor is ambiguous. For small g,
there is the positive relationship between cartel profits and decreased cartel stability. This relation is
reversed for large g. An increase of the substitution effect tends to increase cartel profits, and at the
same time the cartel tends to be more stable due to a decrease of the critical discount factor (Figure 3).

15

In order to ensure that the Hessian matrix H is negative definite and we have a local maximum, we as!

!

!

!"

sume b > ! d +
16

!

! ! + !! .
!

Details are available upon request.
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Figure 3: Cartel profitability and cartel stability
In this parameter setting, there is an ambiguous relation between cartel profitability and cartel stability. For low
substitution parameters g, there is a positive association between profits and the critical discount factors. For
large g however, this relation is reversed.

It is open to further research to generalize the model and indicate under which conditions the relationship between cartel profitability and cartel stability holds. This is of importance as, given that a leniency program is more dangerous for cartels with lower critical discount factors, those profitable and from
a buyer’s perspective most harmful cartels are particularly likely to be disrupted by a leniency program.
Naturally, factors other than the distance between the cartelists also influence the stability of a cartel.
As indicated by the example in this section, a strong asymmetry between substitution parameters
might reverse the results.

4.3

Critical assessment of the approach

We note that Bertrand competition with differentiated products is a well-known representation of product market competition with heterogeneous goods; yet, it is not the only possible way. Even though it
is an interesting approach for further research to use different kinds of modeling approaches, the discussion in Section 3 indicates that it is likely that our general intuition is not reversed for other types of
models.
We restrict our attention in this paper to a small number of firms for the parameterized version. This is
justified to indicate the general idea in this contribution, and avoids complications. Moreover, as cartels are usually more difficult to form and sustain with an increasing number of firms, this also gives
justification to our approach. However, we acknowledge that a more general model needs to address
this issue.
In our model, firms use grim trigger strategies as a punishment mechanism. This means that in case
of a cartel, firms cooperate as long as they perceive the cartel to be profitable for each member. If
deviation happens, they set competitive prices for every subsequent period. The most common criticism regarding grim trigger strategies is that they are not able to deal with trembling hands or other
accidental deviations. If accidental deviations were possible, punishing for the whole future is not ideal
and could be replaced by punishments that last for a given number of periods before the cartel is taking a new attempt. We stick to the approach of using grim trigger strategies as this issue is not the
focus of our research question here.
Finally we would like to note that decisions of each firm are considered as rational ones, aiming to
maximize the expected profits of the company. Thus we abstract from organizational aspects of firm
decision making such as individual incentives which managers face against the interest of the firm. We
also abstract from behavioral aspects of decision making such as short-mindedness or herd18
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movements. Both aspects play a role in the context of international management and the decision
making within firms. While we abstract from these ideas, we acknowledge that further research might
provide useful insights in this respect. We consider our approach to be helpful as a benchmark case,
which indicates the general intuition of cartelization and the effect of leniency programs on cartel stability.
Given these general remarks with respect to our modeling approach, future research should generalize the results and directly incorporate a leniency program into the model, rather than using the interpretation of the critical discount factors.
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Conclusion

Based on the observation of an increasing number of detected cartels after the introduction of leniency
programs in many competition regimes, we conduct a theoretical analysis to investigate if this increase
is likely to reflect the destruction of harmful and profitable cartels. If this was not the case and leniency
programs mainly led to the discovery of weak cartels, the introduction of these programs need to be
considered as problematic in the light of the limited resources of competition authorities.
Our model shows that cartels between close competitors tend to be more profitable and less stable.
Given that a leniency program is more dangerous for cartels with lower critical discount factors, those
profitable and from a buyer’s perspective particularly harmful cartels are more likely to be disrupted by
them. Even though our result seems to hold in many situations, a strong degree of asymmetry may
cause the results to break down.
The policy conclusion of our results is that the introduction of leniency programs in competition regimes can be regarded as effective, since they tend to destabilize profitable and harmful cartels. It is
important that the advances in private damage claims do not jeopardize the leniency efforts, for instance, as it is easier to sue the leniency applicant rather than other companies for damage claims.
However, apart from leniency, also serious active detection efforts are still necessary to detect as
many cartels as possible.
This paper contains a strong link between cartel detection and international management. Relevant
findings include that managers should react to the sharper competition law enforcement tools through
an increase in their compliance efforts, taking competition law compliances programs and the peculiarities of different competition laws in different jurisdictions into account. Not engaging in any collusive
activities that harm buyers is also becoming a more important aspect of corporate social responsibility.
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