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Abstract

In this paper we analyze cartel formation and self-reporting incentives when firms operate in
several geographical markets and face antitrust enforcement in different jurisdictions. We are
concerned with the effectiveness of leniency programs and the benefits of international
antitrust cooperation between agencies. When international antitrust prosecution is
uncoordinated, multi-market contact allows firms to reduce the amount of self-reporting in
equilibrium and sustain cartels more effectively. We then discuss the effects of information
sharing among antitrust authorities as a function of how much and which type of information
is exchanged. We show that extensive information sharing might have an adverse effect on
self-reporting by cartel members.
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1 Introduction

Global cartels have become pervasive in recent decades victimizing both businesses and
consumers around the world. Between 1990 and 2008, there were 516 official investigations
of suspected international cartels. The total affected sales by these cartels is estimated at
US$16 Trillion nominal (Connor, 2009). As a response national antitrust authorities are
stepping up their effort to coordinate international cartel prosecutionﬂ For example, Scott
Hammond (2003), Director of the DOJ Antitrust Division, emphasizes the need for local
antitrust authorities to share case information at various stages of the cartel prosecution

process:

“... There is now a willingness and a desire among competition authorities to work
together against a common enemy — hardcore cartels — that is unmatched at any
time in history... We must share leads and information. We must coordinate our
1nvestigative strategies. We must gain access to subjects, evidence and witnesses that

are located outside our borders.”.

However, he also admits that there might be limits to information sharing with other
antitrust authorities, particularly, when it concerns information obtained during leniency

program applications:

“... the Antitrust Division has adopted a policy of not disclosing to foreign authorities,
information obtained from a leniency applicant unless the leniency applicant agrees
first to the disclosure. This policy gives leniency applicants a measure of control over
investigations that might strike some as problematic. However, the confidentiality

policy is a necessary inducement to encourage leniency applications.”

This paper explores the relationship between international antitrust coordination, cartel
formation and the effectiveness of leniency programs. We are interested in addressing the

issue of how much information and which type of information should antitrust authorities

LOver the last two decades the US DOJ Antitrust Division has entered bilateral antitrust cooperation
agreements with Brazil, Canada, European Union, Germany, Israel, Japan and Mexico. These agreements
foster investigative and technical assistance but do not allow access to confidential information from other
agencies. A formal way for US agencies to obtain such material are agreements negotiated under the Inter-
national Antitrust Enforcement Assistance Act (IAEAA). The Mutual Legal Assistance Treaties (MLAT)
with Australia, Canada, EU and Japan offer a separate formal mechanism under which assistance in crimi-
nal antitrust matters are available, including investigative assistance and access to confidential information.
See chapter 4 of ICPAC report for more details.



share in their fight against global cartels. To this effect, we consider a repeated price
game with two global firms operating in two different jurisdictions. In each jurisdiction a
local antitrust authority enforces cartel laws using procedural investigations and a leniency
program which offers antitrust immunity for the first firm to self-report a cartel. We
compare three different scenarios as a function of how much and which type of information
the antitrust authorities share. Our benchmark is a setting where antitrust authorities are
uncoordinated and not sharing any information relating to their cartel investigations. In the
second scenario antitrust authorities agree to share cartel leads and all information obtained
during their investigations. However, they grant firms confidentiality on all information
obtained during the admission to the leniency program. Finally, we consider extensive
information sharing, in which antitrust authorities share cartel leads, information from
procedural investigations and from leniency applications.

We show that when local antitrust authorities are not sharing any information, multina-
tional firms self-report less often and find it easier to sustain a cartel compared to strictly
local firms. In other words, multi-market contact reduces the effectiveness of leniency
programs and fosters collusion. Bernheim and Whinston (1990) show that multi-market
contact allows firms to pool their incentives and transfer slack collusive rents from one
market to another market where collusion is harder to sustain. This increases global cartel
formation when firms operate in asymmetric markets. In our set-up markets are ex ante
symmetric but multi-market contact still raises global cartel profits and fosters collusion.
The reason is that multinational firms can use self-reporting strategies which introduce
market asymmetry at the interim stage and allow incentive pooling. Consider a situation
in which after the start of an investigation, local firms are collectively better off not to
self-report but each has a unilateral incentive to deviate and apply for leniency. When
firms are global and investigations in both jurisdictions open, we show that firms optimally
self-report to exactly one antitrust authority and take the risk of being prosecuted in the
other market. This enables global firms to shift collusive rent from the market with the
self-reported cartel to the market where they face prosecution and lower expected profits.
In other words, global firms sustain a strategy of partial self-reporting whereas local firms
would report all active cartels. This yields higher global profits and allows for more cartel
formation.

When antitrust authorities cooperate by sharing leads and case information but keep
leniency program information confidential, two benefits arise. Cartels face a higher proba-
bility of detection and a higher probability of successful prosecution. Compared to uncoor-
dinated antitrust enforcement, this unambiguously increases self-reporting and reduces the
scope for cartel formation. For low prosecution probabilities and fine-profit ratios, firms

never self-report. If these parameters are sufficiently high, firms self-report in both juris-



dictions. While for intermediate values, firms use the confidentiality policy of the local
leniency program and report to exactly one antitrust authority. Finally, we consider the
extensive information sharing scenario such that antitrust authorities refrain from confi-
dentiality agreements with leniency applicants. In this case, an equilibrium in which firms
report to both antitrust authorities dominates the equilibrium with only one leniency ap-
plication. However, if the prosecution probability is low-to-medium and the fine-profit
ratio sufficiently small, then not self-reporting in any jurisdiction dominates self-reporting
both cartels. Hence, with confidentiality agreements firms would self-report in one market
whereas with information sharing firms are not reporting at all. By contrast, if the prose-
cution probability is medium-to-high and the fine-profit ratio sufficiently large, then firms
apply for leniency in both jurisdiction whereas they self-report to exactly one agency when
a confidentiality agreement is in place.

This paper builds on a growing literature on the effects of leniency programs. However,
none of these papers considers multi-market contact and international antitrust coopera-
tion. The set-up of our analysis is close to Motta and Polo (2003) who analyze leniency
programs that allow firms to receive fine reductions for self-reporting a cartel when an
investigation opens. They show that self-reporting might arise in equilibrium and reduce
the antitrust authority’s cost of cartel prosecution. At the same time, leniency programs
might have a pro-collusive effect by reducing the expected cost of antitrust prosecution.
This might increase ex ante cartel formation. Aubert, Kovacic and Rey (2006) consider
an environment where the probability of conviction is constant over time and propose in-
troducing rewards for informants on top of amnesty from fines. They also discuss leniency
and reward for individual employees of cartel members for self-reporting cartels. This re-
quires that colluding firms must compensate employees to deter them from reporting the
cartel which in turn reduces the benefits of cartel formation. Harrington (2008) inves-
tigates leniency programs in a richer environment in which the probability of conviction
is distributed according to a continuous distribution function. This allows to identify a
further effect of leniency programs. A more lenient program might induce firms to switch
from an equilibrium with no self-report to an equilibrium in which all firms self-report.
Thus, although the antitrust fine for the first firm to come forward is reduced, the expected
antitrust penalty conditional on being first increases and reduces the gains from collusion.
We use a simpler model and focus on the effect of multi-market contact and international

cooperation in antirust enforcement ]

2There is also growing empirical literature. Miller (2009) is one of the first papers to provide evidence
that leniency programs might have positive effects in practice. His study of US cartels between 1985 and
2005 shows that the number of cartel discoveries significantly increased around the date of the introduction

of the DOJ’s leniency program in 1993 and then sharply dropped. Such a pattern is at least consistent



Our paper is also related to the literature on cartel formation with multi-market contact
initiated by the seminal paper of Bernheim and Whinston (1990) discussed above. In
particular, this analysis is related to Choi and Gerlach (2009a) who explore the benefits
of international antitrust cooperation when global firms operate in markets linked by a
negative demand relationship. The demand linkage creates externalities via the prosecution
efforts of local antitrust authorities. It is shown that uncoordinated local antitrust efforts
might lead to too much or to too little antitrust enforcement from a global perspectivef]

The remainder of the paper is organized as follows. In section 2, we set up the bench-
mark model without international antitrust cooperation. This case is analyzed in Section 3.
In the following section we consider cartel formation with information sharing and leniency
program confidentiality. In Section 5 we investigate the effects of extensive information

sharing among antitrust authorities. The final section concludes.

2 The Model

We first introduce the benchmark model of international cartel formation when antitrust

authorities are not cooperating.

Firms and Markets. Consider an industry with two firms selling a homogeneous product
in two different countries. The firms are identical and produce with a constant marginal cost
c. Demand in both countries is identical and equal to D(p). Demand yields quasi-concave
industry profits and a unique profit maximum 7 in each country. Firms are engaged in a
repeated price game in discrete time and maximize expected, discounted profits. Denote
0 < 6 < 1 as the discount factor. In each period firms decide whether to collude or compete
in the two markets. Deviations are met with optimal punishment strategies, i.e. the perfect
equilibrium providing the lowest profits (Abreu, 1988). In our context, any deviation is
punished with eternal reversion to competition in both markets. Thus, firms repeat the

static Bertrand solution and receive continuation profits of zero in both markets.

Antitrust Enforcement. In each country cartel laws are enforced by a local antitrust au-
thority (AA, henceforth) using procedural investigations and leniency programs for firms.
There are three enforcement stages in the prosecution of cartels. First, price-fixing conspir-
acies need to be discovered. Second, discovered conspiracy schemes need to be prosecuted.

Finally, successfully prosecuted cases need to be penalized to break up the existing cartels

with enhanced cartel detection and improved deterrence.
3Choi and Gerlach (2009b) use a more general framework which encompasses positive demand rela-
tionships as well. However, they are not considering antitrust coordination across markets and focus on

characterizing dynamic cartel formation in the presence of exogenous antitrust enforcement.



and deter the formation of future cartels. As pointed out by Harrington (2006), the role
of antitrust authorities in the discovery stage has been minimal in that they are typically
a passive agent that responds to complaints by disgruntled employees and suspicious cus-
tomers who provide initial leads on price-fixing schemes. To reflect this reality, we assume
that if a cartel exists, the local AA receives a lead on a cartel in its market with an ex-
ogenous probability of @ (> 0) in each period.ﬁ This cartel lead probability is independent
across markets and over time. Based on this initial suspicion, the AA opens an investi-
gation. During an investigation firms can self-report their cartel activity and apply for
admission to the leniency program of the local AA. We assume both AAs run the following
leniency program. The first firm to come forward is rewarded by amnesty from antitrust
fines. The second firm pays the maximum stipulated fine ' > ().E| If no firm self-reports, the
AA continues their investigation which leads to a successful prosecution with probability 3.
The parameter (§ is among others a function of the resources available to the AA. In case
of a successful prosecution the AA imposes the maximal stipulated fine F' on each cartel
member.ﬂ Moreover, a successful prosecution - either by self-reporting or investigation -
implies antitrust compliance of firms in the local market for the current periodﬂ If an
investigation remains inconclusive, the cartel case is closed and the AA only investigates
the industry again if it receives a new cartel lead.

Throughout our analysis we restrict attention to situations in which the discount factor

is sufficiently large and the probability of a cartel lead is sufficiently small such that

3+«
o> — . Al
41— «w) (A1)
This assumption makes sure that cartels always form when the antitrust fine is sufficiently
low. Moreover, as will be seen below, it makes self-reporting constraints more important
relative to price deviation constraints. Note that as a approaches zero, the minimum dis-

count factor is 3/4 and as 0 goes to one (A1) holds if a < 1/5.

4Bryant and Eckart (1991) use a large sample of DOJ cases and find that the probability that a price-
fixing conspiracy will be indicted in a given year is at most between 0.13 and 0.17.

5This reflects the leniency program design of the US DOJ since 1993. Due to plea bargaining, firms
who self-report after the first applicant might receive some reductions in exchange for guilty pleas. A lower
reduction for the first firm or a higher reduction for the second firm would not alter the qualitative nature
of our results. See OECD (2003) for an overview of leniency programs across countries. Spagnolo (2008)
provides a general discussion of the economics of leniency programs.

SFor example, the European Commission can impose a maximum amount of 10% of the company’s total
revenues in the year preceding the decision. In the U.S. the maximum fine for a company is the greatest
of $100 million, twice the gross gain to the cartel or twice the gross harm of the cartel.

"Extending compliance to say T periods after prosecution would not change the qualitative nature of

our results.



Timing. We can summarize the timing of the repeated stage game as followsﬁ (1) Firms
decide whether to collude or not, (2) firms simultaneously set prices, (3) with probability
a each local AA receives a cartel lead and opens an investigation, (4) firms simultaneously
decide to apply for leniency to one, two AAs or not at all, (5) if firms do not self-report to a
local AA, they are prosecuted with probability 5 in this jurisdiction, (6) firms produce and
receive their payoffs. We refer to this set-up as the benchmark model without cooperation
among local AAs. We analyze the subgame-perfect equilibrium of this game in the next

section.

Cooperation among the AAs. In sections 4 and 5 we consider two variants of this
basic set-up to account for cooperation among local antitrust authorities. In particular, we
are concerned with two different cooperation schemes for local AAs. First, we consider an

information sharing agreement in which
(I-1) each local AA reports a cartel lead to the AA in the other country and

(I-2) each local AA shares information obtained during its investigation with the AA in

the other country.

The implication of (I-1) in our set-up is that upon obtaining this information the partner
AA is able to start an investigation in the same period even if it has not received a cartel
lead on its own. This could be due to the fact that a cartel lead in one market raises the
suspicion that the same firms might also cartelize the other market and this triggers the
investigation. With respect to (I-2) we suppose that during a successful prosecution in
one country, the local AA finds hard evidence of the cartel agreement in the other market.
This evidence is sufficient for a successful prosecution in the other country even if the other
AA was not successful with its own investigationﬂ We analyze the benchmark model with
information sharing according to policies (I-1) and (I-2) in section 4. In section 5 we
consider a cooperation scheme of extensive information sharing in which the AAs agree to
(I-1), (I-2) and to policy

(I-8) each local AA shares information obtained within its leniency program.

8This timing is in line with the model of Motta and Polo (2003). Alternatively, one could assume a
different relative timing of pricing and self-reporting or, allow pricing before and after self-reporting. This
would change the incentive to deviate at the interim stages in all three information sharing regimes we
analyze. It would, however, not affect the qualitative results of our analysis.

9For example, in Thermal Fax Paper and Disposable Plastic Dinnerware, US antitrust enforcers relied
on evidence obtained through assistance from Canadian authorities in bringing these cases to their final
disposition. In Thermal Fax Paper, the US and Canada coordinated their subpoena efforts and the US
was able to convict the firms due to access to Canada’s database of documents and information. In the
Disposable Plastic Dinnerware, the US informed the Canadian authorities of the case and they conducted

simultaneous raids on conspirators’ offices in the two countries.



We assume that during the admission of a cartel member to the leniency program, the in-
vestigating AA seizes information pertaining to the cartel activities in the adjacent market.
According to policy (I-3) the investigating AA shares this information with its partner AA
and this leads to a successful prosecution in the other country even if the other AA was not
successful in its own investigation. Note that the three information sharing policies could
be modeled in a stochastic set-up such that the different spillovers occur with a probability
less than one. We found that the deterministic modeling approach includes all interesting

effects and is analytically more convenient to derive the main results.

3 Equilibrium Analysis without Information Sharing

3.1 Collusion and Self-Reporting in a Single Market

As a useful benchmark we first consider cartel formation when firms operate in exactly
one market. In the next subsection we analyze global cartel formation. In a single-market
setting firms have three different strategic options: (i) collude and self-report if an investi-
gation opens, (ii) collude and not reveal, and (iii) not collude["| First, consider the collude
and self-report strategy. An investigation opens with probability a each period. Firms
apply simultaneously for leniency. By assumption, each firm is equally likely to be the
first firm to come forward and receive amnesty. The other firm pays the full antitrust fine.

Hence, expected antitrust costs for a firm are F'/2 and total profits with this strategy are

(1—a)r/2 —aF/2

Vi = 1—9¢

Deviations from this equilibrium strategy can occur at two points, at the pricing or the
self-reporting stage. Given the rival is applying for leniency in equilibrium, it is always
optimal for a firm to self-report. Define ¢ = F/7 as the fine-profit ratio. The cartel is
sustainable at the pricing stage if and only if

20 —1 —«
<

=74 = ¢Rr- (1)

Ve>m or

This holds for sufficiently low fine-profit ratios, a high discount rate and a low probability
of a cartel lead. Note that under assumption (A1) the threshold ¢g is strictly positive.
Next consider the strategy to collude and not to reveal if an investigation begins. The

equilibrium profits from this are

(1 —af)r/2 — afF
1-9¢ '

Vn =

10The analysis of the single-market case closely follows Motta and Polo (2003).

7



Suppose the local AA opens a cartel investigation. A firm prefers not to self-report if its
expected profits under the current investigation plus the future cartel profits outweigh full

amnesty, i.e.

R s LEOUN

Note that for (1 — 3)/(26) < ¢ < ¢n firms expect negative current period profits from
the investigation when they are not self-reporting. However, the potential loss of future
collusion prevents them from deviating. At the pricing stage a firm does not undercut its
rival if and only if

VN >m or @S%_Qié—ﬁ_aﬁ. (3)
Under assumption this condition always holds if is satisfied and the binding con-
straint for the cartel is the incentive not to reportm Compare conditions and .
Since ¢y is decreasing in 8 while ¢p is constant, there exists a 3; such that for all 3 lower
than this threshold it is harder to sustain collusion with reporting while for higher values
it is harder to sustain collusion without reporting. Thus, for 3 < 8, and ¢r < ¢ < @y
firms can only sustain collusion without self-reporting. If § is larger than this threshold
and oy < ¢ < g, then firms collude with self-reporting. By contrast, if both and
are satisfied, firms collude with the self-reporting strategy that yields the highest expected

pay-off. They choose to collude and not reveal if

1 /6
‘/ > ‘/ < = *‘ 4
N R or (2 5 1 =@ ( )

Collusion with self-reporting implies a shorter cartel duration but firms expect to pay only
half of the stipulated antitrust fine. When firms collude without self-reporting they face
the (full) antitrust fine with probability . Hence, if § < 1/2, then not revealing is always
optimal. Otherwise, self-reporting is optimal if the fine-profit ratio and ( are sufficiently
high. Further check that there exists a unique 35, with 3, > 31, such that ¢* < ¢y if and
only if 8 > [3,. This implies that collusion without self-reporting always Pareto dominates
for B < f; when is the binding constraint. By contrast, collusion with self-reporting

Pareto dominates if 3 is sufficiently close to 1.

Lemma 1 The optimal cartel strategy in a single market is as follows. If o < min{eon, ¢*},
then firms collude and do not self-report. If ¢ > min{pon,*} and ¢ < @gr, then firms

collude and self-report. Otherwise, a cartel is not sustainable.

This result is illustrated in a ¢ — 3 diagram in Figure 1. If the fine-profit ratio and the

prosecution probability are low, firms collude without self-reporting. For high values of (3

' This is shown in the proof of Lemma All proofs are relegated to the appendix.

8



and intermediate o firms collude and self-report. Note that for 8 < 3, and ¢ € [pn, ©*],
firms are in a prisoners’ dilemma situation and face a cooperation problem. The most
profitable organization of collusion is not to reveal but firms have an unilateral incentive
to deviate and self-report [l If additionally ¢ < g, then firms can collude with reporting
instead. However, for higher fine-profit ratios the cartel is not sustainable.

q;ilq)N :Iq.)*
A
K

no collusion

collude, not reveal %

..._q________
N

=] | —
[L\%]

—
= v

B+ 1

Figure 1: Collusion and self-reporting in a single market.

3.2 Collusion and Self-Reporting with Multi-Market Contact

Suppose firms form cartels in both markets and the local antitrust authorities do not
cooperate, i.e. they independently follow up on leads and prosecute without information
sharing. This implies that, in any period, firms might be under investigation in one country,
two countries or not at all. A revelation strategy for a firm specifies in which countries it
applies for leniency when one or two investigations open. Denote I € {1,2} as the number
of open investigations in a given period || To simplify notation, we describe a self-reporting
strategy by the number of applications that a firm files. This is sufficient since it will never

be optimal for a firm to self-report in a country without investigation while not revealing

12Note that for 0 < ¢ < ¢n mixed strategy equilibria exist in which firms randomize between reporting
or not. The mixed strategy equilibria is, however, always dominated by the pure strategy equilibrium
without self-reporting. For ¢ > ¢y mixed strategy equilibria fail to exist.

13Self-reporting without any open investigation is always strictly dominated and we drop this case for

notational convenience.



in a country with an open investigation[”] Thus, denote r(I) € {0,1,2} as the number
of self-reports of a firm when I investigations open. A complete description of a firm’s
self-reporting strategy is given by the pair (r(1),r(2)). Further let V;; denote the expected
equilibrium profit if both firms collude and use the revelation strategy (i, 7). This profit is

recursively defined as
(1—0) Vi = 2a(l — a)u; + a*v; + (1 — a)*,

where u; (v;) is the expected interim value if one (two) investigation(s) open and firms
self-report to i (j) € {0,1,2} local authorities. If exactly one cartel investigation opens

and firms apply for leniency in ¢ countries, their expected value is given by

7/24+ (1 - B)r/2—BF ifi=0,
u =4 mw/2—F/2 ifi=1,
—-F if 1 = 2.

If firms do not self-report, there is a probability § that they are successfully prosecuted in
the country where the investigation opens. In this case, they lose their local cartel profits
and pay the antitrust fine F'. If firms self-report the cartel under investigation, each firm
receives amnesty with probability 1/2. Finally, if they self-report in both countries, the
expected antitrust fine is F' across the two jurisdictions.

If two cartel investigations open and firms self-report to j antitrust authorities, they

receive an expected value of

(1— B)r —28F if j =0,
vj =4 —F/2+(1—P)m/2—BF ifj=1,
—F if j = 2.

If firms do not self-report at all, they face in each country prosecution with probability /3,
in which case they pay F' and lose their cartel profits. If they self-report in exactly one
and the same country, they face an expected antitrust liability of F'/2 in this jurisdiction
and the possibility of prosecution in the other market. Before analyzing optimal cartel

formation, compare the values of the self-reporting strategies available to a global cartel.

Lemma 2 The ranking of the values of the self-reporting strategies are as follows.
(1) For any ¢ it holds that Vi; > Va;,V¥j € {0,1,2}.
(i) If ¢ < @*, then it holds that

14VWe also assume that if firms self-report in exactly one jurisdiction, they are able to coordinate in which

country they apply for leniency.

10



Vo; > V1;,Vj € {0,1,2} and
Vio > Vit > Vg, Vi € {0, 1,2}

If o > *, the two rankings are reversed.

Part (i) states that self-reporting in two countries when one investigation opens is strictly
dominated by self-reporting only to the investigating antitrust authority. This follows
directly from comparing u; and us. Self-reporting to the non-investigating authority leads
to the loss of cartel profits and an expected antitrust fine of F'/2 in this market. Part (i)
implies that if self-reporting is Pareto dominated in the single-market case, i.e. if (4) holds,
then expected cartel profits are higher, the less cartels under investigation are self-reported.
Vice versa, if ¢ > ¢*, then expected cartel profits increase in the number of self-reports.
This result follows from the independence of antitrust efforts across the two jurisdictions.
Let us turn to the incentive constraints to sustain collusion with these self-reporting
strategies. First, consider parameter values such that reporting strategy (1, 2) is the Pareto
dominant strategy, i.e. assume ¢ > ¢*. Reporting all cartels under investigation is always
optimal given the rival is reporting. Thus, the cartel is only constrained by price deviations.
Due to the independence of prosecution outcomes it holds that expected profits with multi-
market contact are twice the profits from the single-market analysis, Vo = 2Vg. It follows
that the pricing constraint V5 > 27 holds if and only if is satisfied. Furthermore,
Lemma [2] implies that other reporting strategies yield lower expected profits and are not
sustainable since their pricing constraints, V;; > 27, are violated if does not hold.
Next consider cases where it is Pareto dominant for firms to collude and not reveal any
cartel, i.e. assume ¢ < p*. Suppose firms follow strategy (0,0) and investigations in both
countries open. An individual firm is not applying for leniency in any of the two markets
if its current period profits plus future cartel profits exceed the gains from self-reporting
the cartel in one or both countries. Since the other firm is not revealing in equilibrium,
self-reporting ensures full amnesty for all reported cartels. However, if one or both cartels
are revealed, firms trigger eternal reversion to competition in both markets. Hence, if a
firm deviates and self-reports one cartel it receives amnesty and the expected profit from
the cartel in the other market. If a firm self-reports both cartels, it makes no profit. It
follows that self-reporting one cartel is the optimal deviation if the current period profit
with the non-reported cartel is positive. The incentive constraint for not self-reporting any

cartel is therefore

v s Jw2 e s (=0)/08) .

0 otherwise.

11



From the independence of investigation outcomes across the two jurisdictions follows that
Voo = 2V. Compared to , firms receive twice the continuation profit if they are not
self-reporting. At the same, if a firm deviates to one self-report, then its net current period
value is the same as in (2)). Thus, if holds, then firms have no incentive to deviate to
one self-report. Since (1 — 3)/(26) < ¢n, the first part of is always satisfied. On
the other hand, if a firm optimally deviates to reveal both cartels, firms receive twice the
current period profit from the single-market constraint and coincides with the second
part of . Hence, not self-reporting any cartel when two investigations open is incentive
compatible if and only if ¢ < ¢pn. Suppose an investigation in exactly one country opens.
If an individual firm does not apply for leniency its current period profits are vy/2 from
the market under investigation plus the cartel profits 7/2 from the other market. The
optimal deviation is to self-report the cartel under investigation which yields amnesty in
this market and cartel profits 7/2 in the other market. Compared to , firms receive the
same current period net value and twice the continuation value. Thus, such a deviation
is never optimal if holds. At the pricing stage, an individual firm has no incentive to
deviate if Voo = 2Vy > 27 which is equivalent to condition (3) and, by assumption (A1),
always holds for ¢ < . Consequently, if and only if (2) holds, firms can implement their
first-best cartel organization in which they never self-report price fixing.

Now consider self-reporting strategies for parameter values such that py < ¢ < ¢*.
First check strategies (i,0) such that firms self-report to ¢ € {1,2} antitrust authorities if
one investigation opens and to none if two investigations open. To ensure no self-reporting
when two investigations open it has to hold that vg + 0V;p > 0. Since V;q < Vo this can
never hold if is not satisfied. Next analyze strategy (0,1) where firms report exactly
one cartel when two investigations open. If both AAs launch investigations, firms expect
in the current period an antitrust cost of —F/2 in the market they self-report and vy/2 in
the market under investigation. The best deviation from one-self-report is to reveal both
cartels. In this case the deviating firms gets full amnesty in one market but still faces
the antitrust cost of —F'/2 in the other market. Thus, self-reporting exactly one cartel is

sustainable if and only if
(1-0)m/2—=BF — F/24§Vy > —F/2. (01)

The net current period value is the expected profit from the non-reported cartel. Since
@ > @y, this value is always negative and firms can sustain this constraint if the future
cartel profits outweigh the expected current period loss. Suppose one investigation opens.
In the current period firms expect v9/2 in the market under investigation and 7/2 in the
other market. Deviating by self-reporting the cartel under investigation gives amnesty plus

cartel profits in the other market. Thus, the net current period value and the continuation
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profit are the same as in and not reporting the cartel under investigation is sustainable
if and only if condition is satisfied. Denote ¢y, as the threshold value such that for
any lower fine-profit ratio this condition holds. Finally, at the pricing stage it is required
that

Vo1 > 2m. (01-P)

The next lemma compares the self-reporting and pricing constraint.

Lemma 3 Consider cartel formation with self-reporting strategy (0,1). There ezists a
Bor < 1 such that the following holds. (i) If @ does not hold, then condition is always
harder to sustain than . (ii) If B > Bo1, then there always exist values o € [n, Po1]
such that holds while (@ s not satisfied.

If a (0,0) equilibrium is not sustainable, then the binding constraint for the (0,1) equi-
librium is the condition that ensures that firms’ self-reporting incentives are in place. A
necessary and sufficient condition for this constraint to be more restrictive than the pricing
constraint is that the probability of a cartel lead is sufficiently low in order to satisfy .
A lower « relaxes both constraints but its effect on is weaker since this is an interim
constraint and an investigation has already started. Point (i) states that there always
exist parameter values such that a (0,0) equilibrium is not sustainable whereas a (0, 1)
equilibrium can be sustained. This is because the binding constraint in the equilibrium
without any self-reporting is the condition that ensures firms are not applying for leniency
when two investigations open. In a (0,1) equilibrium this condition is replaced with the
weaker constraint to report one cartel. Note that it follows from (y; < (3 that there exist
fine-profit ratios ¢ > maz{pg, pn} at which firms can sustain a cartel with self-reporting
strategy (0,1).

Suppose cartels with self-reporting strategy (0,1) are not sustainable and consider equi-
libria with (i,1), i € {1,2}. When two investigations open, these strategies yield the same
current period net value as in (01). However, since we focus on parameter values such
that Vo1 > Vi3 > Vo, these strategies are not sustainable for ¢ > ¢p;. Next consider
self-reporting strategies (7, 2) in which firms report both cartels if two investigations open.
These strategies are robust with respect to deviations when both jurisdictions open in-
vestigations. First, assume firms do not self-report if exactly one investigation opens. In
the current period firms expect profits of vy/2 in the market under investigation and /2
from the adjacent market. Deviating by self-reporting the cartel under investigation yields
amnesty in this market and cartel profits from the other market. In other words, the cur-
rent period net value is the same as in but, since Vo < Vp1, the continuation profits are
strictly smaller. Hence, if a (0,1) equilibrium is not sustainable, then a (0,2) equilibrium

is not sustainable either. Finally, consider reporting strategy (1,2). This strategy yields
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lower profits but it satisfies both reporting constraints and is only limited by the deviation
incentives at the price stage. As discussed above, this equilibrium can be supported as
long as holds. To see that there exist parameter values for ¢ < ¢* such that an equi-
librium with (1,2) can be supported whereas a (0, 1) equilibrium fails to hold, note that
along ¢ = ¢*, we have Vj; = Vi, and the pricing constraints of the two strategies coincide.
However, the (0,1) equilibrium is constrained by the self-reporting constraint which

is more restrictive than the pricing constraint. Hence, there must exist values

wo1 < @ <min{er, v}

such that self-reporting strategy (1,2) is sustainable whereas (0, 1) is not. The following

proposition and Figure 2 below summarize our findings.

Proposition 1 Consider cartel formation and self-reporting with multi-market contact.
(i) If ¢ < min{pn, p*}, then firms collude and use self-reporting strategy (0,0).
(1) If on < @ < min{po1, p*}, then firms collude and use self-reporting strategy (0,1).

(1) If o1 < @ < min{pg, *}, then firms collude and use self-reporting strategy (1,2).
(v) Otherwise, a cartel is not sustainable.

*

PN

P

1

1

\
\
\
\

no collusion

\ Pr

(0,1) (1.2)

[
»

Bor P 1/2 Bz T B

Figure 2: Self-reporting equilibria without antitrust cooperation.

These results identify two effects of multi-market contact on self-reporting incentives and

cartel formation. Compared to the single-market analysis, firms can sustain collusion with
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less self-reporting and form a cartel in situations where collusion is not feasible when firms
are local operators. Multi-market contact allows firms to pool their incentive constraints
across the two markets. As discussed above, this is not effective when firms are not self-
reporting any cartel. The current period net value and the continuation cartel profit are
exactly twice as much as in the single-market case. However, for oy < ¢ < ¢*, local firms
face a prisoner dilemma situation and collusion with self-reporting is the only sustainable
cartel organization although they would be better off not revealing. By contrast, global
firms are able to sustain the partial self-reporting equilibrium (0,1). To see this compare
and . The single-market constraint ensures that firms are not revealing their local
cartel under investigation. The multi-market constraint requires firms to self-report exactly
one cartel when two investigations start. The self-reported cartel in decreases current
period equilibrium profits and deviation profits by F'/2 and the net current value is identical
in both constraints. Hence, is easier to sustain since the continuation profit V{; from
two markets is larger than the continuation value from one market Vy. Put differently,
the multi-market cartel is able to transfer slack collusive rent from the market where they
self-report to the adjacent market and curb the incentives to reveal the second cartel. Thus,

for parameter values
pn < < min{pr, por, ¢}

firms collude and self-report in the single-market analysis whereas with multi-market con-
tact, firms do not report when one investigation starts and they report exactly one cartel
when two investigations open. Since this strategy yields higher expected profits than self-

reporting all cartels under investigation, it is clear that there exist parameter values

PN < 2 S min{nga ©o1, 90*}

such that firms can support collusion if only if they have multi-market contact. This result
is a marked difference to Bernheim & Whinston (1990) because it holds in our setting for
ex ante identical markets. In equilibrium firms use a partial self-reporting strategy which
creates interim asymmetry between the market in which the cartel is reported and the
market where the cartel is investigated. This allows interim incentive pooling and prevents
self-reporting. As a consequence, multi-market firms make higher global profits and form

more cartels compared to local firms.

Corollary 1 Multi-market contact allows firms to support collusion with less self-reporting

and form cartels when collusion is not sustainable in a single market.
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4 Equilibrium Analysis with Information Sharing

Suppose the antitrust authorities enter an agreement by which they exchange information
according to policies (I-1) and (I-2). Each local AA reports a cartel lead to its partner AA
which allows a successful prosecution of the cartel in the adjacent market with probability
B. FEz ante at least one AA receives a cartel lead with probability A = «(2 — «) and
investigations in both jurisdictions start. Furthermore, AAs share the information they
receive during an investigation. If a cartel is successfully prosecuted in one jurisdiction but
not in the other one, then the successful AA is able to provide information to prosecute
the cartel in the second country. This implies that after the start of investigations in
both countries, firms are successfully prosecuted in both jurisdictions with probability
B = (2 — 3). With the remaining probability, firms avoid antitrust enforcement in both
markets. To simplify the exposition in this section we focus on situations where the discount
factor is high and the probability of a cartel lead small enough in order to satisfy
1+ A
0> 2(1——A) (A2)
This constraint is harder to satisfy than (Al)) if and only if « is sufficiently large.
A firm’s expected equilibrium profit with information sharing among AA is recursively
defined as
(1=8)V/=a@2—-a)v)+(1—a)’m.

where v} is the interim profit when investigations in both countries open and firms self-

report to j antitrust authorities. This interim profit is given by

(1— B)r — B2F if j =0,
V= —F/2+ (1 —B)n/2—BF ifj=1,
—F if j = 2.

If firms do not self-report, they end up being convicted in both markets or not at all. The
former occurs if at least one AA is successful in desisting the cartel and firms pay the
stipulated antitrust fine to both authorities. Alternatively, if firms self-report in only one
country, they receive the same expected profits as in the previous section since AAs are
not sharing leniency program information. They get amnesty with probability 1/2 in the
country they self-report but they still face the possibility of being prosecuted in the other
country.

Compare the value of the self-reporting strategies available to the global cartel when
the AAs cooperate. Not self-reporting dominates self-reporting exactly one cartel if and

only if
Q-pa/2-5 _ .
—Ap+5-172" "
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i.e. if the fine-profit ratio and the prosecution probability are sufficiently small. The thresh-
old value strictly decreases in the prosecution probability, goes to infinity for § towards
(3 —/5)/4 ~ 0.191 and is positive if and only if 3 < 1/2. Hence, when 3 is smaller than
0.191, then no self-report dominates independent of the antitrust fine. By contrast, when
B > 1/2 self-reporting one cartel is always superior. This and the following thresholds are
depicted in a ¢ — 3 diagram in FIGURE 3. Next check that reporting one cartel dominates
reporting both cartels if and only if holds, i.e. for ¢ < ¢}, = ¢*. Not self-reporting
dominates self-reporting both cartels if and only if
1-B

The threshold is decreasing in the prosecution probability, goes to infinity for g towards
1 —1/4/2~0.293 and is positive for all 3. It is easy to check that

o1 < o2 < P12
and the next lemma follows immediately.

Lemma 4 The profit ranking of the cartel’s self-reporting strategies is as follows:

(1) If o < gy, then not self-reporting dominates one self-report which dominates two self-
reports, Vo >V} > Vj.

(i) If i < @ < @y, then one self-report dominates no self-report which dominates two
self-reports, V{ > Vi > V3.

(111) If iy < @ < @i,, then one self-report dominates two self-reports which dominates one
self-report, V{ > Vi > V.

(iv) Otherwise, self-reporting both cartels dominates one self-report which dominates no
self-report, Vo > V| > V.

Let us analyze the conditions under which these strategies are sustainable. First consider
the equilibrium in which cartel members self-report all cartels as soon as investigations
start. Given the rival firm self-reports both cartels in equilibrium, each firm is best off
self-reporting, too. Thus, only the pricing constraint has to be considered. A cartel with
full self-reporting is sustainable if and only if

20—1—-A

Vy>2r or YS— =2 (C-2)

Next suppose firms coordinate to self-report in one jurisdiction only. At the pricing stage
there is no unilateral incentive to deviate if
26 —1—A(1+f)/2

,>2 <
V22T or s T )

= p1p. (C-1p)
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Given the other cartel member self-reports in exactly one market, a firm prefers to self-
report in exactly the same market if current period gains with two open investigations
plus the cartels continuation value outweighs self-reporting both cartels. In this case, the
deviating firm expects half of the antitrust penalty from the market in which both firms
self-report and antitrust amnesty in the other market. The condition is
(1-8)(1—pB)/2+56—5A1+B)/2 _

= P1R- (C—l)

JAB+1/2)+ (1 =9)p

Either of the two incentive constraints of this equilibrium can be more restrictive. We show

v+ o0V >—F/2 or ¢<

in the appendix to the next proposition that if o sufficiently small and ¢ sufficiently large,
then there exists a threshold value on 3 such that for lower  the pricing constraint is more
restrictive where as for larger (3 the self-reporting constraint is more restrictive. It is thus
useful to define the locus p; = min{p1g, v1p} below which this equilibrium is sustainable.
Lastly, suppose firms collude and do not self-report any cartel. A firm does not deviate at

the pricing stage if
20—1—-AB

Given its rival is not revealing, a firm prefers not to reveal if the current period profits

Vi >2r or o<

after the start of investigations plus the continuation value outweighs amnesty in both
jurisdictions,
1—DB[1-4§(1-A)]
= . C-0
oB[l—o(1—A)] _7° (€-0)
We show in the appendix that if and only if (A2) holds, then the self-reporting constraint

is more restrictive for any value of 3.

vy +0Vy >0 or <

It remains to check under which conditions the three self-reporting cartel strategies are
sustainable and optimal. Consider ¢ > 7, such that self-reporting all cartels is optimal.
This equilibrium is sustainable if additionally holds. If this pricing constraint is
not satisfied, then the pricing constraints of the two other self-reporting strategies must
be violated and no cartel will form. Suppose ¢ is intermediate, ¢j, < ¢ < ¢},, such
that reporting exactly one cartel is optimal. If ¢ > ¢; and self-reporting one cartel is
not sustainable, then there might exist parameter values such that a cartel with full self-
reporting can still form. The reason for this is that along ¢ = ¢}, we have V/ = VJ and
the pricing constraints of the two strategies coincide. However, if « is sufficiently small
and ¢ sufficiently high, then the incentive constraint to self-report exactly one cartel is
stricter than the pricing constraint. Further note that an equilibrium without self-reporting
cannot be sustained for ¢ > ¢ because if V/ > Vj, then the pricing and the self-reporting

constraint are harder to sustain compared to the equilibrium with one self-report E Finally,

5Upon inspection the LHS of 1) is larger than LHS of |D and the RHS of 1] is smaller than

LHS of (C-0).
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consider ¢ < f; such that the optimal cartel organization implies no self-reporting. Along
@ =}, it holds that V] =V and both the pricing and the self-reporting constraints with
one self-report self-report one cartel are easier to satisfy than their counterparts when firms
are not self-reporting. At the same time verify that for § = 0 condition is easier to
satisfy than both and . Hence there exists a unique value for 3 such that
for larger (8 an equilibrium with one self-report can be sustained while a cartel without

self-reporting is unable to formE We thus get the following.

Proposition 2 Consider cartel formation and self-reporting when AAs share information.
(i) If o < min{pg, 5}, then firms collude and do not self-report.

(i) If min{po, 0} < ¢ < min{eg1, @iy}, then firms collude and self-report one cartel.
(7ii) If min{p1, pia} < @ < @a, then firms collude and self-report in both jurisdictions.

(iv) Otherwise, there is no collusion.

FIGURE 3 summarizes these results. If the fine-profit ratio and the prosecution probability
are sufficiently small, then firms sustain their global cartel without any self-reporting. By
contrast, if ¢ < @9 and [ sufficiently large, firms collude but self-report all cartels as
soon as investigations begin. For low fine-profit ratio and intermediate probabilities of a
successful prosecution, firms use a partial self-reporting strategy. When investigations in
both jurisdictions start, they self-report to exactly one AA. The confidentiality agreement
towards leniency applicants ensures that the AA is not sharing any disclosed information
with its partner AA. Nevertheless, firms face the risk of being prosecuted during the course
of the investigation in the adjacent market. For example, in the Ductile Pipe cartel case,
the US and Canadian antitrust authorities launched parallel investigations of several US
and Canada based companies. In September 1995, the Canadian authorities obtained a
guilty plea from one of the cartel members, Canada Pipe Company, resulting in a reduced
antitrust fine. At the same time, the US authorities continued their investigation but,
ultimately, concluded that they did not have sufficient evidence to prosecute.m

What is the effect of information sharing among AAs on self-reporting and cartel for-
mation? Sharing cartel leads according to policy (I-1) implies that investigations start
simultaneously across the jurisdictions. Ez post information sharing under policy (I-2)
means that when investigations start, firms are more likely to be successfully prosecuted.
Both policies thus reduce the ez ante value of cartels. It follows immediately from compar-
ing and that cartels without self-reporting are harder to sustain when AAs share
information. Moreover, since ([l)) is more restrictive than (C-2)) we have that cartels with

full self-reporting are less stable under (I-1) and (I-2).

16This follows immediately from the fact that the threshold values ¢, ¢1p and @y are decreasing and
convex in . See the proof to Proposition |2| in the appendix.
17See chapter 4 page 182 of the ICPAC report.
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Figure 3: Self-reporting equilibria with information sharing.

Finally, compare the conditions to sustain a (0,1) equilibrium without information sharing
and a cartel with one self-report under information sharing. For the former equilibrium,
firms should have an incentive to self-report one rather than two cartels when both countries
open their investigation, i.e. condition has to hold. For the latter, the pricing constraint
and the self-reporting condition (C-1)) need to be jointly satisfied. Since v; = v},
the current period net values in the two self-reporting constraints are the same. However,

the expected continuation value without AA cooperation is higher,

2a(1 — )

— ,:
Yoo = W1 1-0

(/2 — F/2) > 0.

Without information sharing, there is a probability of 2a(1 — «) with which one cartel is
investigated and not reported whereas the other market earns cartel profits. In the same
event with AA cooperation, one market is investigated without self-report whereas the
other cartel is self-reported. Hence, a cartel with one self-report and information sharing is
harder to sustain than a (0,1) cartel without cooperation among the AAs. From this also
follows that there is (weakly) more self-reporting with information sharing and the overall

effect of information sharing policies (I-1) and (I-2) is positive.

Corollary 2 Information sharing among AAs with policies (I-1) and (I-2) increases self-

reporting from firms and deters ex ante cartel formation.
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5 Equilibrium Analysis with Extensive Information

Sharing

Suppose that antitrust authorities enter an information sharing agreement by which they
are not only sharing information according to (I-1) and (/-2) but also information they
gather from leniency applicants. Or, put differently, suppose AAs agree not to offer confi-
dentiality agreements to leniency applicants and share all cartel information. What is the
effect of such extensive information sharing on cartel formation and self-reporting? The
difference to the previous analysis is that when two cartel investigations open and firms
self-report to exactly one antitrust authority, information spills over and firms are also
prosecuted in the adjacent market. Hence the interim profit when two investigations open
and firms report exactly one cartel is v{ = —3F /2. Define a firm’s expected cartel value

with one self-report, V)", as
(1=0)V" = Av] + (1 — A)r.

It is clear that a cartel with one self-report can be supported if it jointly satisfies the pricing
and self-reporting constraints corresponding to (C-1p|) and . However, if follows from
v} < v} that self-reporting both cartels always yields higher expected profits. Moreover, the
pricing constraint under extensive information sharing is always more restrictive. In other
words, if self-reporting both cartels is not sustainable, then self-reporting one cartel is not
sustainable either. Hence, it remains to compare self-reporting both cartels with not self-
reporting at all. For ¢ < g and ¢ < 5 both cartel organizations are sustainable. Firms
prefer no self-report rather than reveal both cartels if additionally ¢ < ¢, is satisfied.
Furthermore, if # is small, then @y > g and there exist parameter values such that no
self-reporting is the only sustainable equilibrium. By contrast, when [ is sufficiently large
and g < ¢ < g, then self-reporting both cartels is the only viable form of collusion.
Finally, when the fine-profit ratio is sufficiently high, then collusion is not sustainable and

we can conclude as follows.

Proposition 3 Consider cartel formation and self-reporting with extensive information
sharing between the AAs.

(1) If o < min{po, 4s}, then firms collude and do not self-report.

(11) If min{po, v} < @ < @q, then firms collude and self-report in both jurisdictions.

(iii) Otherwise, there is no collusion.

We are now in a position to evaluate the additional effect of AAs sharing information

obtained through leniency applications by comparing Propositions [2| and
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Figure 4: Self-reporting equilibria with extensive information sharing.

As discussed, sharing information pertaining to leniency program applications reduces the
value of reporting in only one jurisdiction. At the same time the value of not reporting
or reporting both cartels is not affected by information sharing policy (/I-3). Consider
parameter region A in FIGURE 4 which holds for values such that

i1 < o < min{wo, i}

For these values, firms optimally self-report one cartel when AAs share information accord-
ing to (I-1) and (I-2). However, if AAs additionally share leniency program information,
firms do not report any cartel as long as this equilibrium can be supported (¢ < ¢q) and
as long as this strategy dominates reporting both cartels (¢ < ¢§,). Hence, information
sharing policy (I-3) reduces the number of leniency applications from one to zero. This is
precisely the argument suggested in the speech by Hammond (2003). Extensive information
sharing among AA might reduce the incentives to self-report and mitigate the effectiveness
of leniency programs. This outcome is more likely to occur if the fine-profit ratio is low and
the investigation success probability is low to medium. In parameter region B of FIGURE
4 sharing leniency program information has the exact opposite effect. Under (I-1) and
(I-2) firms can support equilibria with one or two self-reports but, as ¢ < ¢%,, firms prefer
to self-report only one cartel. If AAs additionally use policy (I-3), then the number of
leniency application increases from one to two. This holds for intermediate values of the
fine-profit ratio and medium to high values of the investigation success probability. More
specifically, (I-3) increases self-reporting if

min{po, oo} < o < min{e1, pa, ia}
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Finally, in region C the fine-profit ratio is sufficiently high such that neither cartels without
self-reporting nor with full self-reporting are sustainable. However, if AAs share information
according to (I-1) and (I-2), firms can sustain a cartel with one self-report. Hence, if and
only if

min{o, P2} < ¢ < o1,

extensive information sharing has a ex ante cartel deterrence effect.

Corollary 3 The additional effect of information sharing policy (I-3) is as follows.
(i) In parameter region A extensive information sharing reduces self-reporting.
(i) In parameter region B extensive information sharing increases self-reporting.

(iii) In parameter region C extensive information deters cartel formation.

6 Conclusions

Over the past decade, antitrust authorities around the world have singled out leniency
programs and international antitrust cooperation as their most potent instruments in their
fight against global cartels. This paper explores the relationship between cartel forma-
tion, information sharing between antitrust authorities and the effectiveness of leniency
programs. We consider three different scenarios as function of how much and which type
of information antitrust authorities exchange.

In our benchmark model we show that when local authorities are not sharing any in-
formation, multinational firms self-report less often and find it easier to sustain a cartel
compared to strictly local firms. The reason is that partial self-reporting strategies allow
firms to introduce interim asymmetries among otherwise identical markets. This enables
firms to pool cartel stability constraints and transfer slack collusive rent to the market
where firms decide not to self-report. When antitrust authorities cooperate by sharing
cartel leads and case information but keep information obtained through leniency applica-
tions confidential, two benefits arise. In each local market cartels face a higher probability
of detection and a higher probability of prosecution. This unambiguously increases self-
reporting and reduces cartel formation. In the absence of confidentiality agreements with
local leniency applicants, extensive information sharing implies that firms strictly prefer
equilibria in which they self-report all cartels rather than just applying in one jurisdiction.
However, not reporting any cartel dominates both equilibria if the success probability of
the antitrust authority’s investigation is relatively small and the fine-profit ratio is low. By
contrast, if the probability of successfully prosecuting the cartel is sufficiently high, then
sharing information from leniency programs actually increases self-reporting and deters

cartel formation. Our analysis therefore warrants the cautious approach of competition
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authorities with respect to sharing information from self-reporting companies in the imple-

mentation of leniency programs.

Appendix

Proof of Lemma [1]

The proof is sketched in the main text. It remains to compare and and show that

20—1—af (1-90)[a(20+1)—26+1]
YN — - S 0)

208 206(1 = 6(1 — )
if and only if § > (2 + 2a)/[4(1 — )] which always holds under (Al]). Further we need to show
that B2 > (1. Check that pr > ¢y if and only if

1
>
? 2 @en T 01— 61— )

Check that ¢* < ¢V if and only if

EBl-

1

2 i

Finally, compare the two thresholds and compute

2(1 - 6)[20 — 1 — a(20 + 1)]
apr + 1)1 —0(1—a))(1+0(1—a))

which is positive if (Al]) holds. QED.

B2 — P =

Proof of Lemma [3]
Compute the threshold value from as

_ 1406 —da% —BA
POL= TSR 28A

where A =1 — §(1 — «)?. Condition (01-P)) holds if and only if ¢ < ¢h, where

(2 - a)(1 - B) +2¢"
282—a)+a

First check that ¢o1 < ¢, i.e. is more restrictive than (01-P)), if and only if

Y2
Yo1 =

a?(46 + 1)
a2 +85(1 —a)?2 —4(1+a)

Next check that g1 > @n, i.e. there exist ¢ such that is satisfied while is not, if and
only if

e
= By,

B =

Oé2

1-0)—a-a)l—01—a) Bor-

322
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Hence, for any ¢ > pn, is more restrictive than (01-P) if and only if Bgl < Bo1. Denote w as
the product of the denominators of Bgl and (1 and check that

2
o1 — B8, = %[2+5(2 — )41l -a)f—3—a] >0

holds if and only (A1) holds. Finally, verify that for any ¢ it holds that

2(1 —6)[1+a? —2a(1 — a)d]
aep+ 1)1 =61 —a)(146(1 — )

51*5012 >0

and the lemma holds. QED.

Proof of Proposition
First check that p1p > 1R if and only if

A(1 4 45)

G- Ap—i-3a-"

628

Note that 8/ < 1if § > (1+ A)/(2 — 3A) which always holds under (A2)). Hence, either condition
can be more restrictive. To show that there exist parameter values for ¢ € [¢f;, ¢}5] such that
self-reporting both cartels can be sustainable while self-reporting one cartel is not, verify that
p2 < ], if and only if

-2

26—1)— A g

Then compute

44+ A—80]2(1-2A4)5 — 1 — A]
[8(1—A)d —4 —3A][2(26 — 1) — A]
Check that the first factor in the numerator is positive as long as the denominator of 5" is positive.
Thus, the difference is positive if and only if 6 > (1 + A)/(2 — 4A) or ¢ sufficiently high and «
sufficiently low. If 8” > (', then we argue as follows. From ¢1p(3") = ¢2(5”) and the fact that

/6” _ﬁ/ —

all p-thresholds decrease in 3 follows that there exist values that simultaneously satisfy ¢ < ¢7,,
¢ > ¢1r and ¢ < .
To show that is harder to satisfy than check that ¢y < (20 —1— AB)/(2AB) if and
only if
(I1=9)[1+A-2(1- A <0
2AB[1 —6(1— A)] -
which holds if and only if in the text is satisfied.

Show that there exist parameter values for ¢ < ¢g; such that self-reporting one cartel can be

sustainable while self-reporting both is not. To complete the argument in the text note that ¢1p,

p1r and g are decreasing in 8. Further check all three thresholds are convex since

Poir _ 2402 A1 61— A
98)* A(1+2p)°

[BAB+1/2)+(1 -8B >0
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and o2 B
4 -3
¥0 _ -0

082 (2-p)*F°[1 —6(1 - A)]

and
Poip 485 —4— A)

(98)*  A(1+2p)°
which is positive if (A2) holds. Finally, for point (i) note that ¢f; is decreasing and convex in (3,
goes to infinity for # to 0.191 and takes value 0 at 5 = 1/2. Further, ¢ is decreasing and convex
in [, goes to infinity for 5 to 0 and takes value 6(1 — A)/[2 —26(1 — A)] > 0 at § = 1. Hence, a
unique value 5" exists such that ¢ < ¢, if and only if 8 < "”. QED.
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