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Abstract

Theoretical research on leniency programs has so far focused attention on cartels formed
within a country; the purpose of the paper is to analyze the situation where a cartel is formed
internationally. We consider a model with two firms operating in two countries. The antitrust
authority (AA) in each country chooses either to implement a leniency program or to use
traditional investigation to detect/deter cartel activity. Given the combination of antitrust
policies, the two firms play market games simultaneously in both countries. Assuming that
the information on the existence of a cartel in one country spills over to the other, we analyze
a strategic interdependency faced by the AAs. Several policy objectives of the AA are
considered. We find that if the objective is to maximize revenues from the penalty imposed
on cartels, an asymmetric equilibrium exists in which one country chooses to free-ride the
other's choosing a leniency program.
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1 Introduction

A leniency program is an antitrust policy that allows a firm engaging in collusive behavior
to receive immunity from the fine imposed on such an illegal activity if it provides evidence
to prove the existence of the cartel. It is supposed to raise the probability of detecting
cartels and/or to deter cartels. Various kinds of leniency programs have been introduced
and proven to be a very effective means to this end in many countries, such as the US,
the EU, Canada, Australia, Korea and others. Recently, the Japanese antitrust authority
has also started to implement a leniency program based on the amendment of the Japan’s
Anti-monopoly Act.

There are some theoretical studies on leniency programs using repeated game theory.
Motta and Polo (2003) point out a detrimental effect of a leniency program that reducing
a fine makes collusive behavior more easy by increasing expected payoff from collusion.
They also point out, however, if the antitrust authority (hereafter AA) properly chooses
its policy parameter, leniency program can overcome such a detrimental effect. Spagnolo
(2004) proved that courageous leniency programs, which give reward to self-reporting
firms, may deter collusion completely and costlessly. Aurbert, Kovacic, and Rey (2003)
compare courageous leniency programs for a firm (whistle-blowing) with the one for an
individual (bounty). Apesteguia, Dufwenberg, and Selten (2003) and Hamaguchi, Kawa-
goe, and Shibata (2004) are the only papers on the leniency program based on laboratory
experiments and report some puzzling results.

The research on leniency programs has so far focused attention on cartels formed
within a country; the purpose of the paper, in contrast, is to analyze the situation where
a cartel is formed internationally. We consider a model with two oligopolistic firms operat-
ing in two countries. The antitrust authority in each country chooses either to implement
a leniency program or to use traditional, probabilistic investigation to detect and/or deter
cartel activity. Given the combination of antitrust policies in both countries, the two firms
play market games simultaneously in both countries. Assuming that the information of
a cartel activity detected in one country spills over to the other, we analyze a strategic
interdependency faced by the AA’s in the two countries. Several possible policy objec-
tives of the antitrust authority are considered. First, under our setting, implementing a
leniency program itself does not exclude cartel formation defninitely. It can only induce
a colluding firm to report the cartel activity. Second, implementing leniency program
is dominant strategy for both governments when the objective of the government is to
maximize probability of detecting cartel activities. Third, however, if both governments
try to maximize revenue from the penalty levied on cartel activities, then there exists
an asymmetric equilibria in which one country chooses to free-ride the other country’s
choosing to implement a leniency program.

The organization of the paper is as follows. In section 2, we present our analytical
framework. In section 3, equilibrium conditions for the sustainability of cartels will be
shown according to the possible policy combinations of each country. In section 4, strategic
coordination problem between countries will be analyzed. Conclusions is given in the last
section.



2 Model

Suppose that two oligopolistic firms, indexed by ¢ = 1, 2, simultaneously and repeatedly
play market games in two countries, A and B. Table I shows the payoff matrices of the
stage games played in both countries. These market games are essentially the prisoners’
dilemma, but it should be noted that interpretation of each strategy is slightly different.!
By C', we denote an action where a firm lures the other into collusion via communication
leaving a hard evidence, while D denotes a competitive action. Thus, (C,C) means
formation of a cartel with a hard evidence of mutual agreement. In (C, D) or (D,C),
both firms do not reach a collusive agreement.

We assume 0 < a < 1. This assumption guarantees that the market game in country B
belongs to a class of prisoners’ dilemma games, and that there is less incentive to deviate
from collusive agreement in country B than in country A. If a = 1, markets in both
countries are same. The common discount factor for the firms is denoted by ¢ € [0, 1).

However, these payoff structures of the original market games are changed in the
presence of antitrust policy. In this paper, we consider two possible forms of antitrust
policies, the “traditional” antitrust policies and a leniency program. The explanation of
how those policies work within a country is in order now.

The first is the “traditional” antitrust policy (hereafter denoted by T') where the AA,
by itself or through a third-party informant, obtains tips of cartel activities. Here, we
assume that the AA will succeed in cartel detection with probability p € (0,1) when the
firms are in collusion. When an AA find a cartel activity, it will levy a fine F' > 0 on both
firms, although it cannot force them to change their behavior to the competitive one. We
assume that pF' < 1 throughout the paper to ensure that collusion is still a profitable
enterprise in the presence of antitrust policies. We also assume that the AA’s detection
of cartels is error-free. The payoff matrix of the game with the AA’s implementing 7" is
shown in Table I1.2 When both firms choose (C,C), they earn one from collusion, but
they may have to pay a fine F' with probability p. Thus their expected payoff in (C, C)
is 1 —pkF.

Another antitrust policy available to each government is to implement a leniency
program on top of the traditional antitrust policy (hereafter denoted by L). In this
case, both firms decide not only whether to collude or not, but also, in case of collusion,
whether to report a hard evidence to the AA or not. Denote the strategy to “collude and
not report” as C'NR, and the strategy to “collude and report” as C'R. We assume that
if at least one colluding firm reports the cartel, then the AA can prove the existence of
the cartel activity with probability one. Then the reporting firm will pay a reduced fine
bF where b < 1, and the other firm will incur a full fine £. We assume that only the first
reporting firm can enjoy a reduced fine, and that if both firms report simultaneously in
our games, they can have a fine reduced with equal probability. So, their payoff in that
case is 1 — ”J“TIF A leniency program is said to be of reduced fine type if b > 0; it is
said to be of rewarding type if b < 0. The payoff structure of the stage game for both
firms under a leniency program is shown in Table III. In the case of (CNR,CNR), cartel

!The prisoners’ dilemma game is often used as a discretized simplification of the strategic situation
arising in Cournot competition or Bertrand competition.

2Table II shows the payoff matrix in country B. The payoff matrix in country A is obtained by
substituting one for a in this table. The same applies to Table III.



activities can be found by traditional investigation by the AA, so the payoff in this case
is 1 —pF.

In this paper, we focus on the situation where the AA’s in both countries adopt either
the traditional antitrust policy or a leniency program. This situation can cause some
complication because the AA’s in both countries may exchange information regarding
cartel detection. We assume that if a cartel activity is found by a AA in one country,
then the information of this investigation will allow the AA in the other country to succeed
in detection in the same period with probability a € [0, 1]. Thus, for example, when firms
collude in both countries and the AA’s in both countries adopt the traditional antitrust
policy, this caltel activity is detected with probability p(1 + «(1 — p)) in each country.
Note that, even in the case of international cartel activities, the antitrust laws in each
country only allow the AA to investigate domestic cartel activities.

3 Equilibria in an International Oligopoly Market

We now turn to equilibrium analysis under various combinations of antitrust policies. The
AA in each country chooses T" or L. Then both firms play an infinitely repeated game
with discounting.

Throughout most of the analysis below, we assume that the values of parameters p, b
and F are common to both countries.®> Furthermore, we only focus on symmetric pure-
strategy equilibria in which the action taken is the same across firms as well as over periods
on the equilibrium path. We focus on “grim trigger” type strategies where both firms
take the same designated action on the equilibrium path and once either firm deviates
from the designated path, they are supposed to switch to (D, D) forever.*

We address the well-known multiplicity problem in repeated games by assuming that,
as a result of coordination, both firms choose to play a Pareto optimum equilibrium among
all symmetric pure strategy equilibria that are possible under each discount factor. As
we focus on symmetric pure strategy equilibria, the equilibrium payoff to each firm is the
same, and we can identify the Pareto optimum condition with the highest payoff. Also
we think that firms collude whenever it is more profitable to collude than to compete. By
this assumption, to each § is associated an essentially unique equilibrium.’

As a benchmark case, first consider the situation where there are no AA’s. A strategy
for each firm in the stage game is a combination of actions in the two countries. Denote a
strategy that specifies action C' in country A by C4, D by D, and likewise for country B.
Then we denote a stage-game strategy where a firm plays C' in both countries as (C4, C'?)
and likewise for the other strategy profiles. We also denote a strategy profile where both
firm play C in both countries as ((C*,CP?), (C4,CP)) and likewise for the other strategy
profiles. We consider an infinitely repeated play of such a stage game. We denote by

3In reality, the reduction rate of fine for the first firm to report collusion is the same in most countries
adopting leniency program: b = 0.

“In all the four cases of policy combination, (D, D) is a Nash equilibrium of market games in both
countries. Hence, the strategy profile in which both firms play D every period regardless of the past history
constitutes a subgame-perfect equilibrium, and this brings the worst payoffs to both players. This means
it is the optimal penal code for both firms (Abreu, 1988). Therefore the strategies we consider are simple
strategies, to which we may limit attention for exploring subgame-perfect equilibrium payoffs.

5The size of the discount rate can be regarded as reflecting the speed ofinnovation that varies across
industries.



560" the threshold value of the discount factor above which the simple strategy profile

with both firms playing (C4, C?) on the path is supported as an equilibrium, and likewise
for the other symmetric pure strategy equilibria. Thus ((C’A, CB), (C4, CB)) is sustained
as a perfect equilibrium if § > §(¢*C”) =1 —2/(a + 3). Observe that §(*C") < 1/2
if a < 1. This means that there exists a value of discount factor, under which collusion
is impossible when we think of country A alone but the simultaneous collusion in both

countries is sustainable. This is the effect of the so-called multimarket contact (Bernheim
and Whinston, 1990).

3.1 Equilibria under Antitrust Policies

We now turn to equilibrium analysis when the AA’s in both countries implement some
antitrust policy. As noted, there are four possible combinations of both countries’ choice
as summarized in Table IV.

Case A: Both AA’s choose T. Under T, the AA in each country succeeds in detect-
ing a cartel activity with probability p. For simplicity, we assume that the probability
distributions in the two countries are independent and identically distributed.

As cartel information can spill over to the other country’s AA, cartel detection rate is
increased from p to p(1+ «(1 —p)), when the firms collude in both markets. This reduces
the average payoff from the international cartel activity, making collusion more difficult.
On the other hand, however, the average payoff from deviation per country when both
firms are engaged in collusion in both countries, (3 + a)/2, is less than the payoff from
deviation when both firms collude only in country A, making deviation less profitable.
So which equilibrium is more likely to be achieved depends on these two countervailing
effects. When the stage game in both countries are the same (a = 1), the following
proposition holds.

Proposition 3.1. Consider the situation in which both AA’s choose T. As the spilover
rate increases and/or the markets become more similar, it becomes harder to form an
international cartel, i.e. §(CHCP) g increasing in o« and a. In particular if a = 1,
§DA.CP) — §(CHDB) - 5(CACP)

Case B: In this case, country A chooses T and country B chooses L. Under L, a
leniency program is enforced as well as the traditional investigation (i.e. besides leniency
programs, cartels will be detected by a traditional method with probability p). Here both
firms choose from {C, D} in country A, and from {CR,CNR, D} in country B, which
makes six possible strategies.

First, let us think about the incentives for country B to adopt L, when both countries
are adopting 7. The AA in country B wants to make collusion harder. However, adoption
of L does not make collusion more difficult, since S(CHONR®) in case B is equal to 5(¢*.0%)
in case A. Thus,

Proposition 3.2. Suppose that both AA’s choose T. The change of country B’s policy
from T to L does not influence equilibrium condition of collusion in both countries.

On the other hand, our basic intuition is that a leniency program is effective when its
introduction makes CNR (collude and not report) harder to sustain, and C'R (collude
and report) is realized. Let’s see when this happens in detail.



In industries where § > §(C*C") = §CLONR®) ha AA’s in both countries can not

deter collusion. So we will focus on § < §(C*C7%) = §C.ONR®) = Ag we compare the
situation before and after the introduction of a leniency program, we will assume that
policy choice in country B does not affect competition in country A.

Before the adoption of a leniency program in country B, country A might be in the
state of C* (collusion) or D# (no collusion). Let’s consider first the case where C* is
realized in country A. If it holds that

§CetDP) 5 - 6(C’A,C’NRB),

where country B adopts L, then the industries with § € [§(C*CR%) §(CHLONED)) tyrm to

collude (and report cartel activities to the AA). That is, a leniency program might induce
(temporary) collusion.

Next, let us consider the case where the firms are not colluding before the introduction
of the leniency program in country B. With the discount factor in the range above, we
can think of the situation where the firms play D in country A and C' in country B. Here
§(P%0") s equal to 6PCNE®)  Now suppose that country B adopts a leniency program,
and that there exists ¢’ e (6(P"-CR”) §(DLCNRP)) "it ig easier for firms to report a hard
evidence of cartel activities than not to report.

Here, we consider conditions such that a leniency program effectively deter collusion or
firms report their cartel activities to the AA. We will call them B conditions for “effective
leniency program”. These conditions can be analyzed in two cases: (C4,-) and (D4, ).

In the case of C4, for the leniency program in B to be effective, the following must

hold:
5(CA,DB) < 5(CA,CRB) < 5(CA,CNRB)_

The first inequality implies that it is easier for the firms not to collude than to collude
and report. The second inequality implies that it is easier for the firms to collude and
report than to collude and not to report. Proposition 3.3 below gives the condition where
these inequalities hold.

On the other hand, in the case of D#, a leniency program is “effective” when the

following holds:
§PH.CRP) - s(DA,CNRP)

Proposition 3.3 again gives the condition which supports this. Note that if ¢ is small
enough, then firms behave competitively in both countries.

Proposition 3.3. Suppose that the AA of country A chooses T and the AA of country
B chooses L, and a = 1.

1. Consider the situation where both firms collude in country A. Assume that 4p —
3<b<2p+all—p)(2p—1)]—1. Then effective leniency programs(d©*P") <
§(CHCRP) < 6(CA’CNRB)) in country B are supported.

2. Consider the case in which both firms behave competitively. Note that in this case,
§IDLONRE) — §(DACE) - Assume that b < 2p — 1. Then effective leniency programs
(5(PHCRP) < §IDYLCNRE) — §(DYCP) ) i country B are supported.

This implies that if p is small enough, then only “leniency program with reward giving”
is effective. Thus,



Corrollary 3.4. Suppose that country A chooses T and country B chooses L, and that
a=1. Whenp < 1/2, §ICHONRD)  §(CLCRP) holds only if b < 0. That is, “leniency
program with reduced fine” is not effective in country B.

Case C: The AA in country A chooses L, while the AA in country B chooses T. The
analysis in this case is identical to case B.

Case D: Consider the situation in which both AA’s implement a leniency programs.
Then,

Proposition 3.5. Suppose that both AA’s implement a leniency programs. If the condi-
tion b < 2[p+ a(l — p)(2p — 1) — 1] holds, then it is more likely for both colluding firms
to report under the leniency programs (5(CNEHONRD) o §(CRA.CRE) )

4 Policy Choice by the Governments

So far we have analyzed equilibrium conditions of the games regarding international cartels
with various policy mixtures of governments. In this section, we focus on each govern-
ment’s strategic choice of antitrust policymaking. The assumption on the government’s
objective function is a crucial factor in this analysis. So we subdivide this section into
three parts, based on the possible objectives of antitrust policies.

4.1 Deterring Cartel Activities

It may be naturally thought that one of the purposes of antitrust policy is to prevent
collusion, that is the AA’s objective is to force firm to choose strategy D. However,
condition under which strategy C'R (collude and report) is realized. For example, in
Case B of Section 3.2., we analyzed incentives for country B to change from 7T to L in
the situation where country A adopts a traditional antitrust policy. There we saw that
introduction of L may not be useful for deterrence of cartel activities as such.

In collusive industries with a high discount rate, deterring collusions definitely requires
increases of p and F.° Moreover, we can see that reinforcement of the traditional antitrust
policy such as an increase in p will improve viability of leniency program with reduced
fine.

4.2 Maximizing probability of detection

Suppose next that the government maximizes probability of detecting cartel activities.
The payoft structure based on detecting probability is shown in Table VII. From this, one
can easily derive the following proposition. In this game, it is a dominant strategy for both
governments to implement a leniency program, so the outcome (L, L) is an equilibrium.

6In antitrust enforcement, it might be likely that p increases in industries where C'R is played repeat-
edly (as a result of stricter monitoring by the AA’s), and also that F' might be larger in those industries
(due to their maliciousness).



4.3 Maximizing the amount of revenue

Next, whether realistic or not, consider the situation in which the government in each
country intends to maximize revenue from their fines imposed on cartels. Whether im-
plementing leniency program is beneficial for the governments depends on each firm’s
strategic choice. Suppose that cartels in both countries raise revenue from fines and le-
niency programs are effective in that the governments induce C'R for both firms. Thus,
let us assume both firms’ choices according to the policy choices of both governments as
those in Table V. Then the payoff structure for governments is shown in Table VI.

Proposition 4.1. Ifb > 4p—2p? —1, then Nash equilibrium choices for both governments
are (L,T) and (T,L). If b < 4p — 2p* — 1, then (T, T) is a Nash equilibrium.

Therefore, both countries do not adopt a leniency program in any Nash equilibrium
when their objective is to maximize the amount of revenue. Values of the parameters
will decide whether one of both countries adopts a leniency program, or neither country
adopts it.

5 Conclusions

In this paper, we analyzed a coordination problem in implementing a leniency program
between two governments in a setting that two international firms try to form an inter-
national cartel. The results depends much on the policy objectives of both governments.

Our findings are as follows. First, under our setting, implementing a leniency program
itself does not exclude cartel formation defninitely. It can only induce a colluding firm to
report the cartel activity. Second, implementing leniency program is dominant strategy
for both governments when the objective of the government is to maximize probability of
detecting cartel activities. Third, however, if both governments try to maximize revenue
from the penalty levied on cartel activities, then there exists an asymmetric equilibria
in which one country chooses to free-ride the other country’s choosing to implement a
leniency program.
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Appendix A

Table I: Market Games in Countries A and B

Country A Country B ‘
_ Firm 2
Firm 2
C D ¢ 2
S oI i3 Firm 1 g 1+1,1_1 —16104—&
D 2,-1 0,0 = ’

Table IT: The Market Game under the Traditional Antitrust Policy

Firm 2
C D
Fim1 C 1—-pF1—-—pF -1,1+a
D l1+a,—-1 0,0

Table III: The Market Game under a Leniency Programs

Firm 2
CNR CR D
Firm1 CNR 1-—pF,1—pF 1—-—F1—-0bF -1,1+a
CR 1-bF,1-F 1-%p1-3F —11+a
D 1+a,-1 1+a,-1 0,0




Table IV: Four possible combinations of two countries’ choices

Government B
T L
Government A T Case A Case B
L Case C Case D

Table V: Both firms’ choices

Government B

T L
Government A T  (C4,CP)  (C* CRP)
L (CR*C®) (CR* CR?)

Table VI: The payoff structure for both governments

Government B

T L
Government A T 2p(2 —p)F,2p(2 —p)F 2F, (b+ 1)F
L (b+1)F,2F (b+1)F,(b+1)F

Table VII: The payoff structure for the governments based on detecting probability

Government B

T L
Government A T p(l+a(l—p)),p(l+a(l—-p)) a,l
L 1,a 1,1
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Appendix B

Proof of Proposition 3.1. Of sixteen strategy profles, symmetric strategy profiles except
for (D4, DB) are as follows, (C4,C®), (C4, DB), (D4, C®). The equilibrium condition for
both firms to play (C4,CP) is

scren _ 2= 2L+ a(l—p)F
3+a

0 >

b

which is obviously increasing in « and a.
The equilibrium condition for both firms to play (C4, D) is

1—pF
5
The equilibrium condition for both firms to play (D4, C®) is

5> §ehp?) g

5(DA,CB) —1_ 1—pF
1+a

If @ = 1, then it holds that §(°*:C”%) = §(C*.D%)  §(C1.C7),

o>

Proof of Proposition 3.2. Suppose the AA in country A adopts T and the AA in country
B changes the antitrust policy from T to L. Because both firms’ taken payoff on the
equilibrium path and in case of deviation from the equilibrium path are same in both
cases; (T,T) and (T, L), each delta becomes as follows.

sEAeP) g _ 2—-2p(2—p)F _ sCACNRE) _ g _ 2 —2p(2 —p)F.
3+a 3+a

Proof of Proposition 3.3. Symmetric strategy profiles except for (D4, DP) are as follows.

In each case, the delta is evaluated as follows.

b
5> §CHCONRP) _ 1 _ 2-2p(2-p)F > §(CACRP) _ | _ 2 - %F
= - ) = - .
3+a 3+a
l—pF A B l—pF
5> §C4DP) g § > §(PLCNRE) _ 4
= 2 ) = 1+a7
b1
§> §PACRP) _q _ ﬂ
- 1+a

Ifa=1and bisdp—3 <b<2p+a(l—p)(2p—1)]—1, then §C*P") < §EHCRT) <
5(CA,CNRB)_

Alsoifa=1and bis b < 2p — 1, then §@P*CR") < §ID1LCNRP) _ 5(DA.CP)

11



Proof of Proposition 3.5. Of eighty-one possible combination of both firm’s strategies,

symmetric strategy profiles except for (D4, DP) are as follows.

(CNR*,CNR"®), (CNR* CR"?),(CNR*, D), (CR*,CNR"®), (CR",CR"),

(CR*,D"), (D", D), (D*,CNR”), (D", CRP).

In each case, the delta is evaluated as follows.

b
§ > §(CNRACNRE) _ g 2 —2p(2 _p)F, § > §ONRACRP) _q _ ﬂ

Y

3+ta 3+a
b
55 genmion _ g LoPF o gonsovnny _q 2= 5 F
= 2 Y = 3+a s
b1
§ > §(CRNORP) 1 2-(b+)F S §(CRADP) _ q _ 1-4F
= 3+a Y = 2 s
b
55 swronnn g _L=pE o soaonn _y 125 F
: l+a’ 7~ l+a

Therefore, if bis b < 2[p + a(1 — p)(2p — 1) — 1], then §IENRLONRD) o §(CRACRE)

12
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