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Constant Vigilance:
Maintaining Cartel
Deterrence During
the Great Recession

Margaret C. Levenstein & Valerie Y. Suslow*

Antitrust authorities around the world have continued to pursue illegal
price-fixing throughout the economic crisis, but have also increasingly

granted “inability to pay” reductions in fines. While taking ability to pay into
account is appropriate, as the overriding policy goal is the promotion of com-
petition, these reductions in fines must be accompanied by other policy
changes in order to maintain the expected level of sanction. Granting inabili-
ty to pay requests for reductions in fines is an ex-post decision on the part of
antitrust authorities, and yet it clearly has ex-ante incentive implications for
cartel formation. These fine reductions also have the potential to undermine
the legitimacy and credibility of the antitrust authorities, and therefore must be
implemented with specific, objective, and transparent criteria. To assure the
effectiveness of anti-cartel policy, we should design policies that are informed
by empirical research. Antitrust authorities should be vigilant in restricting
communication that facilitates cooperation among competing firms in highly
concentrated industries, especially those with a history of collusion. They
should also monitor the behavior of former cartel members, raising standards
for mergers and other cooperative agreements for firms with a history of collu-
sion. This paper reviews the implementation of recent cartel “inability-to-pay”
reductions in fines and proposes tools for maintaining deterrence without
increasing the likelihood of bankruptcy. Our recommendations build on our
earlier empirical research on the determinants of cartel stability.
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I. Introduction
The European Commission recently announced several decisions in which fines
to colluding firms were substantially reduced in order to avoid undermining the
firms’ financial viability.1 This flexibility is entirely appropriate, as the overriding
policy goal is the promotion of competition. Eliminating a competitor, vulnera-
ble because of cyclical fluctuations outside the control of any individual firm,
does not promote competition. However, in order to maintain adequate deter-
rence, this reduction in fines must be accompanied by other policy changes that
maintain the expected level of sanction.2 In fact, it is often noted that cartels
seem more likely to form during recessions, suggesting that it is necessary to
strengthen, not simply maintain, the existing level of deterrence. Such a policy
also has the potential to undermine the legitimacy and credibility of the antitrust
authorities. This can be addressed with transparency and a clearly delimited
scope for the policy in both time and circumstance. This paper reviews the
implementation of recent “inability-to-pay” reductions in fines and proposes
tools for maintaining deterrence by building on our earlier research on the deter-
minants of cartel stability.

II. Theory of Collusion and Effective Deterrence
Policies
To select anti-cartel policy instruments efficiently and effectively, it is necessary
to understand what causes cartel failure. To do this, we begin with the familiar
constrained optimization problem faced by firms forming a cartel. In a market
with identical price-setting firms, infinitely repeated interaction among these
firms, and perfect information, collusion can be sustained if firms are sufficient-
ly patient and if the difference between collusive profits and defection profits is
sufficiently high. For the framework behind this
statement, see the Appendix.3

There are a variety of factors that determine
whether this constraint is satisfied in a particular
market; these have been discussed at length
under the rubric of “facilitating” practices or
structural conditions.4 Many of these structural conditions are not amenable to
manipulation by policy makers. For example, neither the homogeneity of a good
nor the cost structure is likely to be the basis of new anti-cartel policy instru-
ments.

There are instruments that can be developed by drawing on this framework.
When a cartel is formed, its member firms expect the inequality defined in the
Appendix (often referred to as the incentive compatibility constraint) to hold;
that is, the present discounted value of expected profits is higher under collusion
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than with defection and the competitive aftermath. Cartels dissolve when they
find the constraint violated by an unanticipated shock.5

The question for regulators is, what policies create effective shocks to disrupt
cartels? Such policies would have two effects: (1) When first adopted, they dis-
rupt some ongoing cartels, and (2) When maintained over time, they deter the
formation of new cartels. The adoption and refinement of corporate leniency
and amnesty policies over the last two decades is an example of a policy that is
effective because it is designed to manipulate the structure of the cooperative oli-
gopoly game and increase firms’ incentives to defect.

Anti-cartel policies can also learn from empirical research. Our research high-
lights several key determinants of contemporary cartel breakup:6

1. As many would expect, the strengthening of leniency policies has
been the primary cause of cartel breakup in the last two decades.

2. Other firms can disrupt cartels when their interests are not aligned
with the group. In particular, rising competition has thwarted the best
and most sophisticated cartel organizations. A stable fringe is unlikely
to disturb collusion, but a growing fringe, especially based on a new
technology, could. On the other hand, despite theoretical speculation
to the contrary, large customers generally do not break up cartels.7

3. Communication and organization are important to maintaining collu-
sion. Cartels that rely on trade associations or third-party cartel moni-
toring are less likely to fall apart than those that do not.

4. Cartels that plan for fluctuations in sales and establish mechanisms to
compensate cartel members tend to last longer than those that do not.

5. Cartels with financially unstable members are fragile; firms on the
verge of bankruptcy do not make good cartel partners.8

Each of these empirical findings contains the seed of an anti-cartel policy, dis-
cussed below.

III. Recent Implementation of “Inability to Pay”
Despite the success of antitrust policy in precipitating the collapse of a large
number of cartels over the last fifteen years, many antitrust economists argue that
current penalties do not provide sufficient deterrence to undermine the prof-
itability of price-fixing.9 Thus, reductions in penalties motivated by concerns
about the financial viability of cartel conspirators should be undertaken only in
extreme cases. Both the U.S. Department of Justice (“DOJ”) and the European
Commission (“EC”) have reduced fines on this basis. Numerous other jurisdic-
tions also take inability to pay into account.10

Constant Vigilance: Maintaining Cartel Deterrence During the Great Recession
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The European Commission’s policy on “ability to pay” is established in point
35 of its 2006 Guidelines on the method of setting fines, and the reduction in
fine is intended to be granted only “in exceptional cases.”11 The reduction will
be analyzed in a “specific social and economic context” and is characterized by a
high burden of proof: there must be “objective evidence that imposition of the
fine… would irretrievably jeopardize the economic viability of the undertaking
concerned and cause its assets to lose all their value.”12 In assessing a company’s
financial status, the Commission takes into account a variety of factors, includ-
ing recent financial statements, projections for the subsequent two years, com-
mon financial ratios measuring liquidity and solvency, and “relations with banks
and shareholders.”13

In the decade prior to the current recession (1998 – 2007), there were over
twenty applications to the EC for fine reductions due to inability to pay. The EC
granted only two reductions in fines and gave one firm an extended payment
period.14 Since 2008, the EC has had thirty-two requests by companies charged
with price-fixing, of which ten have been granted. The first reduction in this
recent period was given to Almamet for its participation in the cartel relating to
calcium carbide and magnesium-based reagents
for the steel and gas industries. Almamet’s fine
was reduced by approximately EUR 760,000.
This was a twenty percent reduction in the fine
for Almamet, but it reduced the overall penalty
to the cartel by less than one percent.

Reductions in fines of this magnitude are
probably not problematic in the current eco-
nomic situation. Unfortunately, the EC has cho-
sen to suppress the amounts given in subsequent
“inability to pay” fine reductions, so we have no
way of knowing the overall impact of these reductions on deterrence. In the July
2010 animal feed phosphates press release, for example, the EC states that two
undertakings “have invoked their ‘inability to pay’… [and as] a result of this
assessment, the Commission accepted one of the applications and granted a
reduction of 70% of the fine.”15 The press release does not identify the recipients
of the fine reduction or the monetary value of the reduction for inability to pay.
Reductions in fines, particularly without transparency, can create the potential
for bias. This kind of discretion in enforcement can undermine the incentives
provided by per se rules against price-fixing.16

The decision to suppress this information also creates information asymmetry
between the members of the cartel and the general public. It therefore facilitates
future collusion by handing firms an instrument with which to demonstrate their
trustworthiness to other cartel members. This is similar to a classic “lemons”
problem in which uninformed market participants cannot distinguish between
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firms that are in dire financial straits (lemons) and those that are healthy
(“plums”). In the classic formulation of the lemons problem, the plums have an
incentive to try to reveal their type. When the EC announces that it has given
a subset of cartel members a reduction in fines but does not identify which firms
have received this subsidy, it is in the narrow economic interest of the financial-
ly strong firms to publicly announce that they were not the recipients of such a
subsidy. To our knowledge, not a single firm has come forward to reveal this pos-
itive news about its financial condition. This choice to remain anonymous, even

at the cost of lower valuations by outsiders who
cannot determine which firms were unable to
pay, is a way to earn the good will of its former
co-conspirators. There are efficiency-enhanc-
ing reasons why a firm might want to maintain
positive relations with its competitors, such as

joint research and development or cooperation to increase overall demand. But,
especially in a highly concentrated an industry with a history of collusion, there
are also more nefarious explanations. The observed deference suggests that the
EC’s actions may be providing former cartel members with a mechanism for
reestablishing trust after the breakup of their cartel.

In the United States, the “inability to pay” reduction in fines falls under
§8C3.3 of the Federal Sentencing Guidelines, which provides that the “court
shall reduce a fine below that otherwise required” if its imposition would hurt the
entity’s ability to provide restitution to victims or “if the court finds that the
organization is not able and, even with the use of a reasonable installment sched-
ule, is not likely to become able to pay the minimum fine required...”17 The DOJ
has taken inability to pay into account for many years; when a firm receives an
“inability to pay” reduction in its fine, that is indicated in the public plea agree-
ment. In some cases, but not all, these plea agreements indicate the size of the
fine reduction. Based on a review of plea agreements listed on the DOJ website,
the United States granted thirteen inability to pay reductions in fines to corpo-
rations convicted of price-fixing between 1998 and 2006.18 Since the recession
the DOJ has granted two additional fine reductions.

The issues raised by these kinds of discretionary reductions in fines are high-
lighted by reductions given by the DOJ to one member of the DRAM cartel.
Hynix, a Korean semiconductor company which sold DRAM computer memory,
pled guilty to criminal antitrust violations in 2005 for cartel activity occurring
between 1999 and 2002. The company and the DOJ agreed upon a $185 million
dollar fine.19 Under the Sentencing Guidelines, Hynix’s activity should have
prompted a fine of $265.5 million, but the DOJ reduced its recommendation due
to Hynix’s inability to pay.20 Hynix’s inability to pay at the time was questioned,
as it had reported profits of $400 million in the final quarter of 2004, and capital
surplus of $500 million dollars.21 Competition policy should create a level playing
field. While regulators balance many competing demands, it is critical that com-
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petition policy not be perceived as favoring particular firms or subject to influence
as these perceptions undermine the fundamental purpose of the policy.

While a fine reduction policy, appropriately implemented, may be necessary at
the current moment, it raises three important issues. Most importantly, it reduces
deterrence. We will discuss this at length below. But there are other problems
with such a policy that can and should be addressed in any implementation.
Regulators may easily become accustomed to making exceptions, so that this
type of policy carries with it the classic “slippery slope” concern. This is particu-
larly true because the reduction amounts to a subsidy to one firm in an industry.
This may encourage regulators to reduce subsequent fines out of a sense of fair-
ness to other firms. There is also a real concern that a firm’s “ability to pay” is
amenable to manipulation by the firm, which always has more information about
its own financial state than does the antitrust authority.

The policy must be implemented in a way that avoids establishing new, lower
fines as the norm. It may encourage regulators to establish the new lower fine as
the “benchmark” or reference point for determining future fines. Behavioral
economists have found not only that perception is “reference dependent” but
also that this can lead to a “status quo bias.”22 Although this phenomenon can
often work so as to maintain the status quo policies, it is also possible for new ref-
erence points to be adopted, which will once again become “sticky.”

We see some evidence of this occurring with the recent EC decisions. The EC
remarked that these reductions were unusual in its announcement in the bath-
room equipment manufacturers’ cartel, but made no such statement in the reduc-
tions that it gave in the pre-stressing steel and animal feed phosphates cartel
decisions in the next month. While the first announcement was clearly intend-
ed to identify a change in enforcement regime, the choice not to highlight the
exceptional nature of the subsequent fine reduc-
tions helps to establish these kinds of reductions
as normal policy. It is critical that this regime be
identified as crisis-specific so that it does not
extend beyond the current economic downturn.

One way to assure that this does not become a
permanent loophole is to provide extended pay-
ment periods rather than fine reductions. Both the EC and the DOJ sentencing
guidelines specifically provide for extended payment periods, and such payment
plans have been negotiated in a number of instances by both agencies. This
approach also better matches the economic challenge of the current period—
breakdowns in financial markets—to the legal action. If the problem is that we
are in a financial crisis in which firms with positive net present value have limit-
ed access to liquidity through the credit markets, then the appropriate remedy is
one that provides liquidity, not a reduction in fines. It also maintains the method
for determining fines, and therefore the credibility of the antitrust authority.
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IV. Maintaining Deterrence
While granting inability to pay requests for reductions in fines is an ex-post deci-
sion on the part of antitrust authorities, it clearly has ex-ante incentive implica-
tions for cartel formation. Simply reducing the expected fine decreases deter-
rence and will increase the number and effectiveness of cartels. One way to
address the need to maintain or increase deterrence is to increase non-pecuniary
sanctions, especially prison terms. The number of countries that have recently
adopted or are considering adopting criminal sanctions for cartel activity has
grown noticeably over recent years.23 However, this is a relatively blunt instru-
ment. It often has less effect, in practice, than the de jure policy suggests in coun-
tries without a long tradition of aggressive action toward cartels.24 Indeed, histor-
ically in the United States, this was also the case. Although U.S. law has long
permitted jail terms for antitrust violations, these provisions were seldom used in
cartel cases until antitrust enforcement against international cartels became
more aggressive in the mid-1990s.

There are a variety of other instruments at the disposal of antitrust authorities
to increase deterrence without increasing the likelihood of bankruptcy. To assure
the effectiveness of anti-cartel policy, we should design policies that are informed
by research on the determinants of cartel stability. As indicated above, empirical
evidence suggests that antitrust enforcement is the single most important cause
of cartel breakup over the past fifteen years. By definition, we are weakening this
enforcement by granting fine reductions. We must therefore increase the likeli-
hood of prosecution. This requires maintaining or even increasing resources ded-
icated to enforcement. It appears that the relevant budgets at the DOJ and the
Federal Trade Commission (“FTC”) have kept up with inflation over the last
decade.25 Antitrust authorities are also increasingly tackling this issue with foren-
sic techniques to identify collusion, rather than relying entirely on amnesty
applications.26

Given the level of antitrust enforcement, the most important tool in destabi-
lizing cartels is active encouragement of competition, especially entry and inno-

vation. Entry and innovation are facilitated by
access to finance and other critical resources
including customers and suppliers. Antitrust
agencies can promote entry by limiting vertical
foreclosure and aggressive attention to post-car-
tel behavior, as discussed further below.

It is also imperative that antitrust authorities
be vigilant in restricting communication that

facilitates cooperation among competing firms. In our sample of eighty-one con-
victed international cartels, every single cartel participated in direct, face-to-face
meetings.27 The continued reliance on meetings in an age of extensive electron-

Constant Vigilance: Maintaining Cartel Deterrence During the Great Recession

IT IS ALSO IMPERATIVE THAT

ANTITRUST AUTHORITIES

BE VIGILANT IN RESTRICTING

COMMUNICATION THAT

FACIL ITATES COOPERATION

AMONG COMPETING FIRMS.



Competition Policy International152

ic communication technologies suggests that cartels rely on such meetings to
build trust.28

We also find that cartels with actively involved trade associations—not those
simply using trade associations as “cover” but where the association helped with
cartel organization—were much less likely to collapse on their own.29

Competition authorities have been able to target cartels that involved trade
associations, suggesting that monitoring trade association activity and other ven-
ues where competing firms gather is a useful anti-cartel strategy.

As firms respond to this enforcement, they may develop more subtle methods
for communicating and coordinating conduct.30 It is well documented, for exam-
ple, that experienced cartels develop hierarchical structures to separate informa-
tion exchange and bargaining by high-level executives from detailed price and
quantity setting by regional or local managers.31 These examples demonstrate not
only the role that communication plays in explicit collusion, but also the likeli-
hood that communication can facilitate tacit collusion or, more generally, result
in lessening the intensity of competition.

Cases involving inter-firm communication and the boundaries of acceptable
information exchange arise on both sides of the Atlantic. For example, in
response to U-Haul’s actions from 2006 through 2008 to raise market prices,
including announcements made during a 2008 quarterly earnings conference
call, the FTC and U-Haul agreed that U-Haul would refrain from
“[c]ommunicating, publicly or privately, to any Person who is not an Insider, that
Respondents are ready or willing . . . to raise, fix, maintain, or stabilize prices or
price levels, rates or rate levels, conditional upon a Competitor also raising, fix-
ing, maintaining, or stabilizing prices or price levels, rates or rate levels.” The
order specifically exempts communication that is primarily directed at customers
(i.e., is disseminated “through Web sites or other widely accessible methods of
advertising such as newspapers, television, or signage”).32

The European Commission tackles these issues in its recent draft Horizontal
Guidelines.33 While these guidelines clearly still reflect the legal and economic
ambiguity of many types of communication, they provide an important frame-
work for rules restricting communication that undermines competition. Based on
legal frameworks that ban explicit collusion, rules regarding communication
often focus on whether or not the communication is evidence of such explicit
collusion. This often leads to sharp lines being drawn between private and pub-
lic communication.

A different distinction tied more closely to the economic impact of informa-
tion-sharing would focus on whether information is shared in a fashion that
allows customers to act on it immediately. If customers can act immediately in
response to an announcement, then the announcement has potential significant
cost to the firm. If, on the other hand, the information is shared in a way that
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allows competitors to respond more quickly than customers, it is much more like-
ly that the information will have an anticompetitive impact. Choosing to share
information in a way that allows competitors to respond more quickly than cus-
tomers is not, in and of itself, evidence of explicit collusion. On the other hand,
because of the greater likelihood of anticompetitive effects, this kind of informa-
tion sharing should be suspect.

Another way to maintain deterrence is to direct more enforcement resources
toward firms and industries that have a history of explicit collusion. Recidivism
is rampant among price-fixers. Some industries have maintained collusive
arrangements on and off over more than a century.34 Certain firms have been
convicted multiple times over many years across different products, suggesting
that a single prosecution does not provide sufficient deterrence for long
ingrained firm practices.35

Once a cartel is uncovered and prosecuted, antitrust authorities should, and
often have, provided closer monitoring of behavior in an industry.36 They also
have occasionally imposed behavioral remedies similar in intent to those used to
prevent the exercise of market power by dominant firms. In some cases it is not
clear what impact these post-conviction restrictions have, as they seem to assert
simply that the firms will not violate the law in the future. It may be that mak-
ing such an assertion reduces the costs of prosecution or shifts the evidentiary
burden in future cases.37 In other cases, however, post-conviction orders restrict
specific behaviors that are otherwise legal but that, given the history of the
industry, could facilitate collusion.38 This is a relatively easy way to increase
deterrence while relaxing fines because these post-conviction restrictions are

both an additional, non-pecuniary punishment,
and a deterrent to collusion in the future.

The U.K. Office of Fair Trade has made use of
a policy that prevents individual recidivism by
banning executives from acting as company
directors after a cartel conviction.39 This is an
additional punishment for those individuals,
and it also makes reestablishing cooperation

more difficult by changing the faces of the people engaged in inter-firm interac-
tions. Even more expansively, Daniel Sokol has suggested requiring that all exec-
utives certify that their firms are not participating in collusive activity. This could
provide competition authorities with a useful enforcement tool.40 While promis-
es not to break the law may not increase deterrence directly, this policy could
increase the ease of prosecution of individuals for corporate malfeasance.

Two other areas of post-conviction oversight with heightened significance dur-
ing a recession are merger review and the disposition of bankruptcy proceedings
for former cartel member firms. There is a risk of perverse effects if competition
authorities pursue vigorous prosecutions of cartels, but have relatively flexible
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policies toward mergers. This simply creates an incentive for firms to merge in
order to accomplish what would be prohibited for them as independent firms.41

For example, Outokumpu Oyj (Finland) and Boliden (Sweden) participated in
the copper plumbing tubes cartel from 1988 to 2001. In 2003, the two firms
announced their intent to merge. The merger was approved by the European
Commission on December 9, 2003, one week before the EC fined Outokumpu
for its participation in the industrial copper tubes cartel and nine months before
it fined both firms for fixing prices in copper plumbing tubes.42 Regulators are not
unaware of this dilemma, but their response has been inconsistent. Davies et al.,
analyze merger decisions by the EC in which collective dominance was a serious
consideration. They note that the EC intervened in one merger case where there
was previous cartel activity but, in another case,
did not intervene “despite evidence of previous
cartel behaviour in a related market.”43

A similar issue arises when a former cartel
member enters bankruptcy proceedings. The pri-
ority of bankruptcy courts is to take actions that
preserve the value of the firm’s assets to its
debtors. This presumption can lead to anticom-
petitive industry reorganization. The DOJ and
the FTC have intervened in bankruptcy proceed-
ings with mixed success. For example, in the
aftermath of the prosecutions related to the
graphite electrodes cartel, the Carbide/Graphite Group filed for Chapter 11 bank-
ruptcy protection. The DOJ filed an antitrust lawsuit to prevent SGL, a co-con-
spirator in the cartel, from acquiring Carbide/Graphite Group. The bankruptcy
court judge awarded the assets of Carbide/Graphite Group to another company
and the DOJ dismissed its lawsuit.44 In a more recent case that did not involve prior
collusion, the FTC was unable to convince a bankruptcy judge to slow the march
of bankruptcy proceedings sufficiently to protect the interests of consumers.45

We would advocate for an increased role for antitrust agencies in bankruptcy
proceedings, allowing bankruptcy courts to consider the ease of cartelization
when choosing among bidders for the failed firm’s assets. J. Thomas Rosch of the
FTC makes this point more generally:

“In fact, the Commission has already been faced with not just a failing firm
argument, but an actual failing firm in one industry in the last month and a
half. The most the agency could do was explain to the bankruptcy court
which of two bidders for the failed firms’ assets appeared to be the least anti-
competitive (though both appeared anticompetitive). As almost always hap-
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pens in these situations, the more anticompetitive firm offered more money
for the assets to the bankruptcy court, and the court approved that buyer.
The result will probably be reduced output, higher prices, less innovation
and fewer jobs, but there is nothing the antitrust enforcement agencies can
do about it. This is not a good result, and underscores the need to closely
analyze the financial conditions of all firms involved when we review merg-
ers—the resulting merged entity as well as remaining competitors.”46

Any discussion of deterrence must consider the role of private litigation.
While there are clearly benefits to permitting private action, including basic fair-
ness to harmed consumers, we do not think that this is a particularly effective
tool to balance “inability to pay” fine reductions. Private actions create the same
potentially anticompetitive impact of large governmental fines—weakening
firms to the point that they exit the industry. An additional and, we believe,
more fundamental limitation to this approach, is that private cases are a relative-
ly weak device for disrupting cartels. The availability of treble damages in the
United States has generally not encouraged large firms to report upstream car-
tels.47 While there are many follow-on lawsuits, very few price-fixing cases are
initiated by customers. Customers may not have the information necessary to
intervene prior to a government investigation; if that is the case, any societal
benefit from civil litigation is reduced.

V. Concluding Remarks
Antitrust authorities have responded to the Great Recession very differently
from the response to the Great Depression of the 1930s. Unlike the promotion
of collusion endorsed in the National Industrial Recovery Act of 1933, today’s
policy makers have focused their efforts on fiscal and monetary policy. Both the
DOJ and the EC have continued to pursue illegal price-fixing throughout the cri-

sis. However, policy makers have granted more
“inability to pay” reductions when fining cartel
members. While this may be necessary given
current economic conditions, it reduces the
already relatively low deterrence to collusion.

We need to assure that any implementation
of an “inability to pay” policy has specific,

objective, and transparent criteria. Lack of transparency can undermine the
credibility of competition policy, creating the appearance of favoritism. When
antitrust authorities suppress information about which firms receive “inability to
pay” fine reductions, they also provide former co-conspirators with an instru-
ment to demonstrate their continued fealty to one another.
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This reduction in the size of fines requires that we find alternative methods to
increase deterrence along other dimensions. As the expansion of amnesty and
leniency policies over the last decade has shown, the most effective policies in
this arena are those that take advantage of cartel vulnerabilities. Our research
has shown that cartel stability is particularly weakened by market entry and lack
of communication. Encouraging entry and preventing potentially anticompeti-
tive inter-firm communication, as the new EC guidelines propose to do, can limit
a cartel’s ability to survive.

Antitrust authorities can also use post-conviction behavioral remedies, such as
restricting board membership or scrutinizing mergers among former co-conspira-
tors. This would increase non-pecuniary penalties while simultaneously making
future collusion more difficult. Ongoing discovery of anticompetitive agreements
indicates that, despite aggressive action by competition authorities, the allure of
collusive profits continues to seduce firms into illegal activity. Creative and con-
stant vigilance on the part of competition authorities is required.

Appendix
The following illustrates the familiar constrained optimization problem faced by
firms forming a cartel. In a market with identical price-setting firms, infinitely
repeated interaction among these firms, and perfect information, collusion can
be sustained if:
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where

p M
i,t
is the collusive price charged by firm i in period t,

p D
i,0
is the price charged by firm i if it chooses to defect from the collusive agree-

ment in the first period,

p C
i,t
is the price charged by firm i in the continuation equilibrium after a defection

by one firm,

Πi is the profit earned by firm i in a single period,

–i indicates firms other than firm i,

δt is the discount factor in period t, with δt = e–rτ where r is the instantaneous rate
of interest and τ is the real time between periods,

θ is the probability that the antitrust authorities detect the cartel,

Ω is the penalty imposed on a cartel member who does not defect, and

Margaret C. Levenstein & Valerie Y. Suslow

�



Vol. 6, No. 2, Autumn 2010 157

L is any legal liability associated with a leniency application (which we assume
will accompany defection).

We assume that Ω > L; that is, an application for leniency is associated with a
reduction in fines.
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