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Abstract

We study the incentives of competition authorities to prosecute collusive practices of domestic
and foreign firms. For that purpose, we develop a model of multi-market contact between two firms
that can engage in collusion in two countries. In each country, there is a competition authority with a
mandate to maximize national welfare. Each competition authority decides its prosecution policy at the
beginning of time and commits to it. In equilibrium, the ownership distribution of the firms (domestic
versus foreign) affects prosecution policies. The country that does not own the firms prosecutes them
as soon as information of collusion becomes available. On the contrary, the country that owns the
firms has an incentive to protect their profits in foreign markets delaying prosecution. This strategic
delay is valuable because it contains the information spreading that could trigger prosecution in the
foreign country. Prosecution delays, however, are not optimal from the point of view of global welfare,
something that could be solved through the integration of the competition authorities. The country
of origin of the firms would nevertheless oppose integration. Finally, in a multi-industry setting, both
countries delay prosecuting domestic firms, which again is not optimal from the point of view of global
welfare. Moreover, in a multi-industry setting, both countries can be better off under integration.
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1. Introduction

Globalization has increased the importance of anticompetitive conducts in international settings.! Na-
tional competition authorities have reacted to this new environment by paying more attention to collusive
practices involving multinational companies. Specifically, large foreign companies seem to be a frequent
target of antitrust enforcement. For example, Garrett (2014) documents that between 2001 and 2012, 45
percent of antitrust prosecutions carried out by the US Department of Justice were to foreign companies
(namely 78 out of 175 companies). Data on Sherman Act violations yielding fines over 10 million dollars
also shows that, between 1995 and 2017, only 19 of the 139 firms fined were domestic companies.” The
challenges associated with international antitrust enforcement have also lead to proposals for inereasing
international cooperation among competition authorities.?

Despite the growing importance of international antitrust, most of the formal literature on the eco-
nomics of antitrust has been focused on closed economies. In the absence of international considerations,
collusion is always detrimental to domestic welfare, usually defined as the (weighted) sum of profits and
consumer surpluses.! However, in an open economy, in which firms can operate in multiple countries,
the promotion of national welfare necessarily implies eonsidering the profits of firms obtained abroad,
but excluding the consumer surplus of foreign consumers. The bias in antitrust policy can be imme-
diately recognized: A benevolent competition authority with a mandate to maximize national welfare
might prefer to do not enforce antitrust policies, delaying the prosecution of domestic firms even after
there is sufficient evidence for collusion. This bias becomes more evident in the presence of informa-
tional spillovers from prosecution between competition authorities of different countries. For instance,
the opening of an antitrust case in one country leads other countries to scrutinize the involved firms.”

Our objective, in this paper is to study the incentives of competition authorities to prosecute domestic
and foreign firms involved in anticompetitive behavior; more precisely, in price-setting agreements, when
prosecution in one country generates informational spillovers to other countries.

In order to formally study the strategic enforcement of antitrust policies in a global economy, we
develop a simple two-country model of collusion and antitrust policy. In our model there is an industry
composed by two multinational firms which operate in both countries. In each country there is a com-
petition authority in charge of enforcing antitrust laws. At the beginning of the game, each competition
authority selects a prosecution policy to which it commits for the rest of the game. In every period
each competition authority receives a signal on the conduct of the firms operating in its jurisdiction and,
using this information, implements its prosecution policy. Given the prosecution policies, in each period
firms decide whether to collude or compete. We characterize the equilibrium prosecution policies and
collusion decisions for different scenarios, varying the information that competition authorities have and
the collusive schemes of the firms.

In our baseline model we consider a scenario where one country owns multinational firms operating
in both countries. Also, in the baseline model, the detection ability of the competition authorities is
fully aligned with firm ownership. This means that the competition authority of country of origin of the
firms receives a signal that indicates whether firms are colluding and, given this information, decides to
prosecute (and fine) the firms or not. The competition authority of the foreign country does not receive
any independent signal of eollusion, but prosecution by the country of origin of the firms is informative
and can be used as a signal. In other words, the competition authority of the foreign country has no
independent detection ability and must rely on the prosecution decision of the country of origin to obtain
information about collusion in its own market hefore it can decide whether or not to prosecute. Finally,
we assume that the country of origin of the firms implements its prosecution policy before the foreign

?See Antitrust Division (2017).

See Barnett (2007).

*For discussions about welfare measures in the context of competition policy see Motta (2004) and Carlton (2007).

" Anedoctal evidence of these findings is extensive: For instance, the EU has opened the investigation against Microsoft
for abuse of dominant position after such investigation had started in the US. Also, there is evidence that firms apply
simmultaneously for leniency in multiple jurisdictions onee an investigation is open in one jurisdiction, indicating that they
believe that investigation may spread across jurisdictions. (see Bloom (2006))
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country. This sequential structure implies that the competition authority of the country of orgin must
take into account the reaction of the competition authority of the foreign country.

In the baseline model we show that the foreign country always prosecutes the firms as soon as there
15 information of prosecution in the country of origin. The reason is that the foreign country does not
own the firms and, hence, only takes into aceount the consumer surplus. Regarding the country of origin,
we prove that it only prosecutes the firms when the gain in consumer surplus exceeds the reduction in
profits (including fines) from domestic and foreign markets. This condition can be expressed through a
threshold of the discount factor. The subgame perfect equilibrium of the game obtained by combining
these two results, is such that, for low discount factors, neither competition authority prosecutes the
companies, one due to lack of information and the other to protect the foreign profits of domestic firms.

We explore several variations of this baseline model including the scope of collusive agreements (global
versus market specific collusion); the punishment that firms can use to sustain collusion (in each market
separately or in both markets); and the information prosecution spillover (prosecution in the country of
origin is indefinitely or only temporarily informative for the foreign country).

In all these variations of the baseline model, our main result does not change. For low discount factors
(the threshold is always the same), the competition authority of the country of origin never prosecutes
the firms if they are colluding in both markets. For discount factors above the threshold, different
specifications bring new results. Under market specific collusion, firms have the option to collude only
in the foreign country, avoiding prosecution indefinitely even when the competition authority of the
country of origin chooses to prosecute all instances of collusion. This suggests that, when market specific
collusion decisions are possible, multinational companies might be competing in their home-country
(usually, a developed country with a professional and well-funded competition authority), but colluding
in foreign markets (usually developing countries, which do not have a competition authority capahble of
independently detecting collusion). Regarding information prosecution spillovers, if prosecution in the
country of origin of the firms is only temporarily informative for the forelign country, then firms have
strong incentives to organize sequential collusion, first colluding in the country of origin until they are
detected and prosecuted and, thereafter colluding in the foreign country, where prosecution will never
OCCUT.

We then proceed to study an extension of the baseline model in which the detection ability is par-
tially aligned with the firm ownership. That is, the foreign country has the abilitv to detect collusion
independently. In particular, in this setting the foreign country has two channels to detect collusion:
(i) through the prosecution decision of the country of origin, and (ii) through its own detection signal.
This extension brings a more realistic scenario and it allows us to formally compute equilibrium delays
in prosecution. The country of origin’s decision to restrain from prosecuting is less valuable than in the
baseline, since foreign collusion profits can no longer be indefinitely protected with a lement prosecution
policy. Therefore it 1s 1s more willing to prosecute the firms as soon as collusion is detected, reducing
the international bias of the prosecution decision. Furthermore, even if it prefers not to prosecute the
firms when they are colluding in both countries, eventually, the foreign country detects and prosecutes
collusion on its own. When this happens, the country of origin will prosecute collusion too, since there
are no more collusive profits to account for. In other words, while in the baseline model, there exist
prosecution delays that can be infinite, In this extension, delays exist but are finite. To the best of our
knowledge, this is the first paper that formally models and obtains prosecution delays as an equilibrium.

We also extend the baseline model to allow for endogenous detection probabilities, In particular,
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competition authorities choose both a prosecution policy and invest resources to increase their detection
abilitv. We show that, for a given marginal cost of detection, the optimal probability of detection as
chosen by the competition authorities depends on the ownership distribution of the firms. A competition
authority with a mandate to maximize national welfare selects a higher detection probability if the
market 1s served only by foreign firms than if it is served by purely domestic firms, and it selects an
even lower probability if the market is served by domestic firms that also operate in foreign markets.
Our model augmented with endogenous detection probahbilities generates cross-sector implications on
the enforcement of antitrust policies. Sectors operated by foreign companies are expected to be prime
targets for antitrust cases, while sectors dominated by domestic companies with large foreign operations
are expected to receive a more lenient treatment. To the best of our knowledge, this is the first model
that generates predictions of antitrust enforcement based on the ownership origin of the firms and its
participation in foreign markets.

Finally, we discuss the implications of our results for international antitrust policy. In order to do so,
we incorporate a second industry to the model. In this scenario, a country can lead investigations in one
industry and be a follower for the other. We can then study cross investigations, an interesting scenario
for similar developed countries with multinational companies. More importantly, the multi-industry
extension opens the door to mutual gains from the integration of competition authorities, something that
cannot happen in the one-industry model. Indeed, in the one-industry model, while the equilibrium does
not maximize the combined welfare of the countries (as it involves a strategic prosecution delay), there
is not much room for an international agreement to fix the problem. Only integration of the competition
authorities would work, but one country will be hurt by integration and, hence, will oppose it. This
15 not necessarily the case in a multi-industry world, in which both countries can be better off under
an Integrated competition authority that maximizes the combined welfare. The intuition 1s that, under
integration, each country loses the collusion profits in the foreign market, but it gains the increase in
consumer surpluses in both domestic markets. When countries are of different sizes, this might not be
enough to avold winners and losers from integration, but in the case of perfectly symmetric countries, we
prove that both countries gain with an integrated competition authority.

There are several papers related to this work. For example, Barros and Cabral (1994), Head and Ries
(1997) and Neven and Réller (2005) study international competition policy, but in the context of mergers
and acquisitions. Our paper also belongs to the literature on multi-market eollusion. Bernheim and
Whinston (1990) were the first to formalize the idea of simultaneous collusion in multiple markets. They
show that under asymmetric markets a larger set of collusive outcomes can be sustained in a multi-market
setup. Bond (2004) and Bond and Syropoulos (2008) study multi-market collusion in open economies.
None of these papers, however, explore antitrust enforcement.

Closer to our work are Choi and Gerlach (2012a,b, 2013). Choi and Gerlach (2013) employ a multi-
market model with symmetric countries to study the relationship between demand linkages and antitrust
enforcement. They show that antitrust enforcement in one market spills over to other markets in a
way that depends on whether the products are complements or substitutes. Choi and Gerlach (2013)
serves as the basis for Choi and Gerlach (2012b), where they study the case of firms producing substitute
products in different countries when there are trade frictions and local competition authorities have
prosecution costs. They show that enforcement is non-monotonic with respect to trade integration. In
particular, cartel enforcement 1s high if the economies are either closely integrated or trade costs are very
high. Finally, they compare two regimes, one with local competition authorities and the other with a
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global competition authority, and identify two sources of ineficiency associated with local prosecution,
namely, decentralized information and cross-market externalities. Finally, Choi and Gerlach (2012a)
study multi-market collusion with lemency and different information sharing policies between competition
authorities. In their model, competition authorities detect collusion and, once an investigation starts,
firms are allowed to apply for leniency. If firms do not apply for leniency, competition authorities face a
chance of unsuccessful prosecution. They show that a policy that involves (partial) information sharing
hetween competition authorities increases the probability of detection and successful prosecution in each
Jurisdiction.

Our work departs from Choi and Gerlach (2012a) and Choi and Gerlach (2012b) in several important
ways. First, we assume that competition authorities seek to maximize national welfare instead of the
consumer surplus of domestic consumers. This is crucial when we are considering multinational firms
because the ownership distribution of the firms matters for how profits are counted in national welfare.
An antitrust policy that ignores the profits that national firms obtain in foreign markets prosecutes them
more intensively than what is optimal for national welfare. Moreover, in our model, assuming national
welfare as the measure of welfare emploved by the competition authorities is key to induce strategic
prosecution delays. Second, we employ an informational structure that allows us to model a leader and
a follower in antitrust enforcement instead of having competition authorities deciding simultaneously.
This is a relevant scenario to explore, given that the country of origin of the firms has more accessible
information regarding the collusive behavior of the firms. It also captures the asymmetry in resources and
capabilities between competition authorities in developed and developing countries.® More importantly,
this information structure naturally pushes the leading country to internalize the potential information
spillovers of its prosecution decisions. Third, in our model the nature of the relationships between
products is not relevant for the sustainability of collusive agreements. The linkage in our setting is
purely through an information channel. Prosecution in the country of origin of the firms reveals valuable
information for the foreign competition authority to also build a solid antitrust case abroad. Finally, in
our model integrating antitrust policy has cross-country distributive effects. In particular, we show that
in a one-industry model, one country is always worse off under integration.

Antitrust enforcement in several jurisdictions has also been studied from a collective action approach.
For example, Feinberg and Husted (2013) empirically explore free riding on antitrust enforcement between
U.S. states. They find that the number of states participating in the litigation process promotes the
free-riding behavior, while the resources available to the state government ameliorates it. Additionally,
they use the number of horizontal conspiracies as a measurement of case complexity and find that it
is associated with delays in prosecution efforts. Our model generates equilibrium strategic delays in
prosecution through a completely different channel. In our model, it is not the case that a jurisdiction
prefers to wait until another jurisdiction pays the cost of dissolving the cartels. The problem is that the
jurisdiction of origin of the firms might prefer to delay prosecution to protect the profits of its firms in
other jurisdictions.

Finally, the way we approach antitrust enforcement in an international setting has similarities with the
literature on the terms of trade approach to international trade agreements (Bagwell and Staiger (1999)).
In the context of trade policy, a country that seeks to maximize national welfare has an incentive to
impose a tariff in order to improve its terms of trade at the expense of its trade partners. Analogously,
the country of origin of the firms organizing collusion has an incentive to postpone prosecution in order

8See, for example, Levenstein and Suslow (2003).
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to protect the market power of domestic firms in foreign markets. In the context of trade poliey, trade
agreements could make both countries better off inducing a mutual reduction in tariffs. In our two-
industry model, the integration of antitrust policy in a single competition authority could make both
countries better off eliminating prosecution delays in both industries.

The rest of the paper is organized as follows. Section 2 develops the model. Section 3 characterizes the
equilibrium under our baseline scenario, that is, when detection ability is fully aligned with ownership.
Section 4 characterizes the equilibrium, when detection ability is only partially aligned with ownership.
Section 5 endogenizes the detection probabilities. Section 6 extends the model to a multi-industry setting
and explores the implications for international antitrust agreements and integration. Section 7 concludes.
All proofs can be found in the Appendix.

2. A simple model of antitrust policy

This section develops a simple model of collusion and antitrust policy when the firms involved are multina-
tional corporations operating in several countries. In particular, consider 2 multinational firms (i € {1,2})
which operate in 2 countries (j € {4, B}) and must decide whether to collude or compete. In each coun-
try there is a competition authority which has the power to fine firms if collusion is detected. Time is
infinite, discrete and indexed by £ € {0,1,...}. All agents have a common discount factor § € (0,1).

At the beginning of period ¢t = 0, the competition authorities simultaneously select their prosecution
policies, to which they commit to for the remaining of the game. After observing the prosecution policies
selected by the competition authorities, firms play an infinitely repeated game, where the stage game is
given by:

1. Both firms simultaneously choose to collude or compete.

2. Nature sends a signal to the competition authority of country A regarding the behavior of the firms
in country A. Upon observing the signal, the competition authority of country A implements its
prosecution policy.

3. Nature sends a signal to the competition authority of country B regarding the behavior of the firms
in country B. Upon observing the signal, the competition authority of country B implements its
prosecution policy.

This timing is compatible with different signalling structures and contents. In particular, note that

the signal received by the competition authority of country B could depend on the prosecution decision
implemented by the competition authority of country A.

21 Firms, profits and ownership distribution

Let (ai‘A,ai‘B) denote the decision of firm ¢ in period ¢, where ai‘j = 1 indicates that firm i chooses to

collude in country j and a‘:‘j = () indicates that firm i chooses to compete in country j. Let ?rg:j denote
the profits earned by firm i from its operations in country j before paying any fine. The stage profits
in country j in period ¢ are given by: where 787 = o7 = (. Thus, if both firms collude in country j,

each obtains collusion profits (a:”"' = a:u = 1 implies ?r:j = ?rt_i‘j = 7% > 0). However, each firm has a
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- Firm 2
_ af=T} = af‘_? = 0
Firm1 a/Y =1[=%, 77 [0, %
al =070 [0,0

short term incentive to deviate from collusion, which leaves no profits for the rival (a:'j =0 and af_” =1
implies 1'1';"r = df"_ = 7 and w, Y = 0). Finally, competition fully dissipates profits (a;” = a, ™ =0
implies m;7 = m, ™ = 0).7
) . oo
Each firm selects {(Q?A., a:’B) } in order to maximize the expected discounted profits net of fines,

lLe.: -
Il = E, [Z“‘“_i 5Tt (A — fiA B f}f‘)] __

where _f: 7 denote the fine imposed in period t to firm ¢ by the competition authority of country j.
Finally, let %7 £ [0, 1] be the share of firm i owned by citizens from country j. Naturally, o#4 4048 =
lfore=1.2.

2.2 Consumers
The consumer surplus obtained by consumers from country j in period # is Sf = §°J when aﬁ‘j = a;‘:‘j =
and 5] = ™7 otherwise, where §%7 and S°°™7 are the consumer surpluses in country j under collusion
and competition, respectively. We assume that S > §% 4 27%/ for all j, i.e., in each country, the
aggregate surplus under competition (S°™7) is higher than under collusion (S + 27%7).

2.3 Competition authorities, collusion detection and antitrust prosecution

In each period, immediately after firms make their decisions, the competition authority of each country
receives a signal about the behavior of the firms. Let ¢f £ {0,1} denote the signal received by the
competition authority of country j. ¢ = 1 (¢] = 0) indicates that the competition authority of country
j detects (does not detect) collusion in period ¢. The signal conveys information about collusion only if
firms are effectively colluding. Otherwise, the competition authority receives a no collusion signal.

After observing the signal, the competition authorities decide whether or not to prosecute the firms,
following the policies that they establish in period ¢ = 0. Let pg € {0,1} denote the prosecution action
implemented by the competition authority j in period ¢, where pj = 1 indicates prosecution and p] =0
indicates no prosecution. We assume that a competition authority cannot prosecute without detecting
evidence of collusion. Thus, when c'g = 0, it must be the case that p-: = 0. If collusion is detected, 1.e.,
cﬁ_ = 1, and the competition authority prosecutes the firms, ie., 7 = 1, then, each firm must pay a fine
fi7= f4 = 7% and they are forced to compete in all subsequent periods.®

"The underlying assumption is that the firms sell homogeneous products and compete in prices. Hence, when reverting to
competition upon either a choice of not colluding or a failure of collusion, the profits of the firms are zero. Alternatively, in
the case that firms compete in quantities or in prices with differentiated products, we can assume that profits are normalized,
i.e., all profits are relative to competitive profits. These alternative assumptions do not affect the analysis.

¥Note that we are implicitly assuming that the actions of the firms ai are public information, i.e., known by the firms
and also by the competition authorities, but that knowing that there is collusion is not the same as having enough evidence
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At the beginning of period t = 0, each competition authority chooses a prosecution policy in order to
maximize the expected discounted welfare of the country. Thus, the competition authority of country j
maximizes

W5 = Eo [ZT:D (S + 0+ ff‘ﬂ)} +Eg [Ul‘jz,;{,é" (el — f1A 4 gL _ Tl,B}] n
N S e

where the first term 1s the expected discounted consumer surplus in country j plus the expected discounted
fines collected by the competition authority of country j, and the second and third terms are the shares
of the expected discounted profits of firms 1 and 2 accruing to eitizens of country j.

3. Equilibrium analysis I: Detection ability fully aligned with firm ownership

This section studies the equilibrium of the model when both firms are owned by citizens of country A and
the competition authority of country B is not able to detect collusion on its own, but it can learn from
the prosecution process in country A. Formally, regarding the ownership distribution of the firms, we
assume throughout this section that o' = 2 = 1. This implies that the profits of both firms obtained
in country B are accounted for in the welfare of country A, while country B’s welfare only includes the
consumer surplus in country B. With respect to collusion detection, consider the following assumption
(which we relax later) regarding the signals received by each competition authority.

Assumption 1 The signals received by the competition authorities are:

1 with probability o if a:‘A = a?“‘l =1,
e = ¢ 0 with probability (1—a?) if atl"l = a?"d‘ =1,
0 otherwise.

B _ 1 z'fael'B = af’s =1 and p2 =1 for some T <1,
! 0 otherwise.

Assumption 1 states that the competition authority of country A can detect collusion on its own,

while the competition authority of country B must rely on observing that country A has prosecuted the
firms in order to detect collusion in country B.?

The following lemmas formally characterize the prosecution policies of both countries.

to prosecute the firms. Only when ; = 1, the competition authority of country j has the required information to successfully
prosecute the firms.

9The assumed ownership distribution of the firms together with Assumption 1 could capture the following situation.
Consider two multinational firms whose shareholders are from a developed country A, which counts with a professional
competition authority with the capacity to detect collusion. The firms also operate in a developing country B, whose
competition authority does not have the resources and/or the expertise to detect and prosecute collusion on its own.
However, if the competition authority of country B observes country A prosecuting the firms in country A, it will learn how
to detect and prosecute collusion in country B
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Lemma 1 Suppose that Assumption 1 holds. Then, the competition authority of country B prosecutes
the firms as soon as collusion is detected in country B. W

The intuition behind Lemma 1 is very simple. Since the competition authority of country B only
benefits from the consumer surplus in country B and the fines (which are paid by foreign firms), it
immediately prosecutes the firms as soon as collusion is detected.

Lemma 2 Suppose that Assumption 1 holds. Assume that the competition authority of country A detects

collusion, i.e., cf* = 1.

1. If the firms are not colluding in country B, then A always prosecutes the firms.
2. If the firms are also colluding in country B, then A prosecutes the firms if and only if

258

d=d= .
= ASA _ dgeA L 2fB _ 9peB

(1)

where AS? = SomA _ g4 Alternatively, (1) can be written as 6{&5‘4—2‘#““] =
2 [67F +(1-3) fF]. m

The intuition behind Lemma 2 is as follows. When firms are colluding in both countries, if the
competition authority of country A prosecutes the firms, this will trigger prosecution in country B. As
a consequence, firms owned by shareholders from country 4 will have to pay fines in country B and, in
the future, they will be forced to compete, which eliminates their profits from collusion in country B.
Thus, prosecution in country A increases the total surplus in country A, but it reduces the profits of the
firms in country B. When firms are only colluding in country A, the second effect disappears and, hence,
the best policy for the competition authority of country A is to prosecute the firms when collusion is
detected.

We now proceed to study the equilibrium collusion decisions of the firms given the antitrust policies
implemented by the competition authorities of both countries. The following propositions characterize
firms’ decisions when thev can only make global collusion decisions as well as when collusion decisions are
market specific. Since firms play a repeated game there might be multiple outcomes that can be sustained
as a subgame perfect Nash equilibrium. To deal with this multiplicity, we assume that the firms always
coordinate in their most preferred equilibrium, 1.e., the one that generates the highest expected profits for
each firm. Note that this does not mean that we ignore the other possible equilibria. On the contrary, for
each set of parameters we deduce and compare all possible equilibria and select the equilibrium outcome
with the highest expected profits.

3.1 Global collusion decisions

Proposition 1 explores a simple environment in which firms make global collusion decisions. That is,
firms can collude in both countries or in none of them, but they cannot collude in one country and not
in the other.

Proposition 1 Suppoese that Assumption 1 holds, firms can either collude in both countries or in

none of them and they coordinate in their best equilibrium. Furthermore, assume that 74 + 78 =
(1—8) (x4 4 x4F).
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1. Suppose that § < &. Then, firins collude in both countries and they are never prosecuted.

(wclﬁ_‘_wclﬁ)_[1_5)(Id,n+ﬂdlﬁ')

% 21—
2. Suppose that & = 4. Let a* = GEviE e

{a) Ifa® < @', then there is global collusion until the first time -::;‘1 = 1, when firms are prosecuted
in both countries. Thereafter, there is competition.

(b) If a = @', then there is always competition. W

Proposition 1 Part 1 states that when the discount factor is bellow some threshold (§ < 5), the
expected discounted welfare of country A is higher if collusion in both countries is allowed, and, hence,
the competition authority of country A never prosecutes the firms. Then, firms can safely collude in
both countries without facing any risk of prosecution. Proposition 1 Part 2 studies the situation in
which § = § and, hence, the expected discounted welfare of country 4 i1s higher if collusion is stopped.
In such a situation the competition authority of country A prosecutes the firms as soon as collusion is
detected, which also triggers prosecution in country B. This prosecution policy might not be enough
to dissuade firms to collude when the detection probability is low. Indeed, for a® < @', the expected
discounted profits from eollusion are high enough to sustain collusion. If this is the case, in equilibrium,
there will be collusion until the competition authority of country A detects it and prosecutes the firms.
Thereafter, firms will be forced to compete. On the contrary, when a* = &', the expected discounted
profits from collusion are not enough to sustain collusion. The antitrust policy effectively dissuades firms
from colluding. Figure 1 illustrates Proposition 1.'°

wF‘igum?! have been obtained assuming that in each country the industry is a symmetric Bertrand duopoly with linear
demand P! = a —b (n-"}_lQ-' and cost functions C = ¢g', where a > ¢ and nf is a measure of the size of market j.

. PR . P 1 . PR ] . oo .z ) - .
Therefore, 757 = “—{%J—, g = 2 {:b o gei = m '[‘;b = and §om = “—;%J—. Fines are selected such that f7 > 73,

Demand and cost parameters are a = 2, b = 1, ¢ = 1, n? = 1, n® = 0.30, which implies =4 — 100, 7% = 2.00,
geoma A — 4 00, 8% = 1.00, 7% = 0.30, #5F = 0.60, §°°™F = 1.20, and §%F = 0.30. Fines: f"' = 2.00 and fﬂ = (.60,
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Figure 1: Proposition 1. C;: Firms cannot collude in any country. Cs: Firms collude in both countries
and they are never prosecuted. Cs: Prosecution dissuades collusion in both countries. Cy: Firms collude
in both countries until the first time c{" =1, then they are prosecuted.

3.2 Market-specific collusion decisions

Propositions 2 and 3 explore the more general case in which firms can make market-specific collusion
decisions. Proposition 2 assumes that firms punish deviations from collusion in each market separately.
Proposition 3 assumes that firms employ harsher punishment, stopping collusion in both countries even
when the other firm deviates from collusion in only one market.

Proposition 2 Suppose that Assumption 1 holds, firms punish deviations from collusion in each market
separately and they coordinate in their best equilibrium. Furthermore, assume that 75 > (1—4) A
and 74P = (1 — ) 745,

1. Suppose that & < 8. Then firms collude in both countries and they are never prosecuted.

— e A gyd.A .
2. Suppose that d = 8. Let é-i, = T—:,%r— and Eri = mm{

':r""q'—{l—ﬁ)'.!r'i""‘ wc’B—(]—ajwd*B
dwte A f

D L A
(a) If at = c_yi,, then firms collude in country B and they are never prosecuted.

_o A _a A {1—5}5#""4‘—#“’5! .
{(b) Suppose that af < ot < af,. If o < e B I8 firms only collude in country A
until the first time cf' = 1, when they are prosecuted. Thereafter, there is competition. If
A (1_5)£n.=..4_11.=,5}
 Fme B (1A
fe) If et < &%, then firms collude in both countries until the first time ¢ = 1, when they are
prosecuted. Thereafter, there is competition in both countries. B

, firms only collude in country B and they are never prosecuted.

Proposition 2 Part 1 extends the result in Proposition 1 Part 1. Country A does not prosecute the
firms when its expected discounted welfare is higher if firms collude in both countries. In that case, in

10



NN GEE

equilibrium, there is collusion in both countries. Proposition 2 Part 2 is more involved than Proposition
1 Part 2. The reason is that now firms can decide to collude only in country B, in which case, they are
never detected. In other words, firms can be dissuaded to collude in country A, but they will never he
dissuaded to engage in collusion in country B. This generates three possible equilibrium paths.

When the detection probability is high (a® > Eu%,), the expected discounted profits from collusion
in country A are not enough to sustain neither collusion in both countries nor collusion in country A
as an equilibrinm. Only collusion in country B can be sustained as an equilibrium. In that case, firms
collude in country B and they are never detected. When the detection probability adopts intermediate
values {Eri < atl < c_ri,) either collusion in country A or collusion in country B can be sustained as
an equilibrium, but collusion in both countries cannot. Then, firms opt for the type of collusion that
generates higher expected discounted profits. Note that if they choose collusion in country A, eventually,
they will be detected, forced to pay a fine and start competing. If they choose collusion in country
B they will be never detected and collusion will last forever. Finally, when the detection probability
is low (ot < r:_t%)_. the expected discounted profits from collusion in country A and B are both high
enough to sustain every type of collusion as an equilibrium. In such situation, collusion in both countries
generates the highest expected discounted profits and, hence, that is what firms choose to do. Eventually,
the competition authority of country A detects and prosecutes the firms, the competition authority of
country B follows the same course of action and, thereafter, firms are forced to compete in both countries.
Figure 2 illustrates Proposition 2.

1 T T T T T T T T
pr—
oafF - ,“3 b
J—
nal st
o7 4
05l g
=asf Cl C2 C:{ 1
o4l g
naf g
s
w2l LT
|- 4
- B
01 - g
G, \
n . L . L . . . L
0 o 0z o3 o4 05 e o7 0.8 os 1

Figure 2: Proposition 2. C;: Firms cannot collude in any country. Cy: Firms collude in both countries
and they are never prosecuted. Cz and C4: Firms collude in coumtry B and they are never prosecuted.
Cs: Firms only collude in country A until the first time c'{l = 1, then they are prosecuted. Cg: Firms
collude in both countries until the first time ¢ = 1, then they are prosecuted.

Proposition 3 Suppose that Assumption 1 holds, firms punish deviations from collusion stopping col-
lusion in both countries, and they coordinate in their best equilibrium. Furthermore, assume that
7t > (1 —8) 7% and noB > (1 — §) =t5.

11
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1. Suppose that 8 < 8. Then firms collude in both countries and they are never prosecuted..

R O L3 (&t pnsB)—(1-4) (a2 par B
ard- AL A and &” = a‘(wd,ﬂ +Id,5)+f,1+fﬂ'

2. Suppose that & > 8. Let a° =

(a) If ot = Exi, = max{da,fﬁ}: then firms collude in country B and they are never prosecuted.

{(1—8)(wot e B

(b) Suppose that 6 < o < &% Ifo? < & = PR Y-
A until the first time it = 1, when they are prosecuted. Thereafter, there is ecompetition. If

at = &, then firms only collude in country B and they are never prosecuted.

(c) Suppose that &* < o < &% Ifo' < a® = m}_t;—fﬁ;‘%_{_—fﬁ? then firms collude in both
countries until the first time i = 1, when they are prosecuted. Thercafter, there is competition
in both countries. If o = &*, then firms only collude in country B and they are never
prosecuted.

(d) Suppose that o < @} = min {&31&3}. If ot < min{%ﬂ—l:&3}, then firms collude in both

, then firms only collude in country

countries until the first time c',f‘ = 1, when they are prosecuted. Thereafter, there is competition

A

in both countries. If “—;'; < o < &3, then firms only collude in country A until the first

time cf‘ = 1, when they are prosecuted. Thereafter, there is competition. Finally, if o™ =
max {&3,&3}: then firms collude in country B and they are never prosecuted. W

Proposition 3 Part 1 extends the result in Proposition 1 Part 1 to a situation in which firms make mar-
ket specific collusion decisions, but they employ more severe punishments than in Proposition 2, namely,
deviations are punished by stopping collusion in all markets. The differences between Propositions 2 and
3 arise in Part 2. The reason is that the conditions required to support collusion in both countries as an
equilibrium depend on the type of punishment employed by the firms, which affects the set of collusion
agreements firms can sustain in equilibrinm for a given value of . In particular, while in Proposition 2
whenever collusion in both countries can be supported as an equilibrium, it automatically induces higher
expected profits than collusion in country B, in Proposition 3 this is not necessarily the case. Figure 3
illustrates Proposition 3.

12
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Figure 3: Proposition 3. C: Firms cannot collude in any country. Cs: Firms collude in both countries
and they are never prosecuted. Cz and C4: Firms collude in country B and they are never prosecuted.
Cs: Firms only collude in country A until the first time c‘f‘ = 1, then they are prosecuted. Cg: Firms
collude in both countries until the first time cf‘ = 1, then they are prosecuted.

3.3 Prosecution in Ais only temporarily informative for B

Assumption 1 states that when competition authority A prosecutes the firms in country A, competition
authority B observes the process and learns how to detect and prosecute collusion in country B in all
future periods. A weaker version of this assumption is to assume that prosecution in country A4 in period ¢
only allows competition authority B to detect and prosecute collusion in period ¢, but it is not informative
in future periods. Formally:

Assumption 2 The signals received by the competition authorities are:

1 with probability o if a:=A = af”‘l =1.
A _ . . Ay . LA 2,4
¢ = < 0 with probability (1 —a®) ifa,” =a;" =1,
0 otherwise.
.. 1,B 2,B
B 1 ifa,” =a;” =1 and pj! =1,
‘ 0 otherwise.
Note that while under Assumption 1, ¢ = 1 when a:"'1 = af"‘l = 1 and p! = 1 for at least one
7 < t, under Assumption 2, ¢f = 1 only when ail‘B = a?‘s = 1 and p;* = 1. Thus, under Assumption

1, prosecution n country A in one period, allows competition authority B to detect and prosecute
collusion in every future period, while under Assumption 2, prosecution in country A is only temporarily
informative for competition authority B. The main implication of replacing Assumption 1 by Assumption
2 is that now firms have access to new ways of organizing collusion. In particular, firms can collude only
in country A until they are detected and, thereafter, start colluding in country B. Collusion in country

13
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B will never be detected because it begins after pf = 1 and, hence, there is no way that competition
authority B detects it.!! The following proposition fully characterizes the equilibrium.

Proposition 4 Suppose that Assumption 2 holds, firms punish deviations from collusion stopping col-
lusion in both countries and they coordinate in their best equilibrium. Furthermore, assume that
7 = (1 — &) a* and 7°F > (1 - 8) %5,

1. Suppose that § < 5. Then firms collude in both countries and they are never prosecuted.

A (]t o (IE‘A+WC’B)—{l—&}(ﬂd'd+wd"3)
2. Suppose that & > 5. Let a* .54_}_1‘154-‘{“‘ orn = S(miA+7aE) 1 AT TE .

{a) If smdd 4 A = % and a® = f:t‘_‘H = max {&4,&4}, then firms collude in country B and they
are never prosecubed.
(b) Suppose that (i) sndA + fA = 322 gpnd 6t < oA < at or (n)5?1"“‘+,)\"“‘75‘ST and ot > at.

Ifa® <&'= 27 then ﬁrms collude in country A until the first time c! =1, when Hwy
are pmsccuted ]Ihcrcﬂffer they collude in country B, where they will never be prosecuted. If
a = &%, then firms only collude in country B and they are never prosecuted.

A
(e) Suppose that ot 4 fA > %— and @' <= o < &t Ifat < &' = SFBMT_&CFT_{BT then

firms collude in both countries until the first time c”' = 1, when they are prosecuted. Thereafter,
there is competition in both countries. If o = &%, then firms only collude in country B and
they are never prosecuted.

(d) Suppose that (i) szt 4+ f4 < %— and o < & or (ii) sxtt 4+ A = %}i and o <

min {&41&4} Iffﬂ—;:s— < ol < if_‘;‘ﬂ—’s: then firms collude in country A until the first
time ¢ = 1, when they are prosecuted. Thereafter, they collude in country B where they

e 1—&)rd .
By Mcﬂ i — 54(-[1 guﬁ g7 }, then firms collude in
both countries until the first time c{‘ =1, when they are prosecuted. Thereafter, there is

s o e, A
competition. If o > ma}:{ . ”CB, n==54[-l(lf2;;(f“‘+f5)}’ then firms only collude in country

will never be prosecuted. If o < min{

B and they are never pmsccutcd |

The novelty in Proposition 4 with respect to Proposition 3, is that the firms strategy of colluding
in country A until detected and then switching to country B generates higher expected profits than
colluding solely in country A. The reason is that collusion in country B cannot be detected once firms
have been prosecuted in country A. This result points toward the idea that if firms are detected in their
own market, they will start collusion in foreign markets. Figure 4 illustrates Proposition 4.

"In the Appendix we show that Lemmas 1 and 2 still hold (see the proof of Proposition 4). The reason Lemma 2 still
applies is as follows. When competition authority A detects collusion in A, but there is no collusion in B, it could be that
firms will never collude in B or they will start collusion in B once collusion in A is detected. The first case has been already
considered in the proof of Lemma 2. Competition authority A always prefers to prosecute the firms. In the second case,
prosecution in A triggers the start of collusion in B, which only increases the benefits of prosecuting firms in A.

14
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o Q‘jl OIZ Gj! 0."1 I'l;.' st 0‘7 Di! 0:5 1
Figure 4: Proposition 4. C1: Firms cannot collude in any country. Cz: Firms collude in both countries
and they are never prosecuted. Cg and C4: Firms collude in country B and they are never prosecuted.
Cs and Cr: Firms only collude in country A until the first time r_'{]‘ = 1, then they are prosecuted. Cg:
Firms collude in both countries until the first time cf‘ =1, then they are prosecuted.

4. Equilibrium analysis Il: Detection ability partially aligned with firm ownership

This section studies the eguilibrium of the model when both firms are owned by citizens of country
A (formally, o4 = 24 = 1) and the competition authority of country B has two channels to detect
collusion: observe the prosecution decisions of the competition authority of country 4 and detect collusion
om its own. Thus,

Assumption 3 The signals received by the competition authorities are:

1 with probability o if afl'A = af"l =1,
cf‘ = { 0 with probability (1 —a?) if afl‘A = a?‘A =1,
0 otherwise.
. o B .. 1B _ 2B A
1 with probability o ifa,” =a;" =1landpl =0 forall T <1,
B 0 with probability (l — Q‘B} if afl‘B = QE‘B =1 and pf‘ =0 forallT <t
t 1 if ail‘B = af‘s =1 and p* =1 for some T <1,
0 otherwise.

Several remarks should be made about Assumption 3. First, as in the previous section, it is still the
case that prosecution of the firms in country 4 is the most informative signal of collusion for competition
authority B. Indeed, if competition authority A prosecutes the firms in country A, competition authority
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B immediately learns how to detect collusion in B in the present as well as in all future periods (formally,
if th,B = af’B =1 and pT“i = 1 for some 7 < {, then cf" = 1.) Second, even if competition authority A
does not prosecute the firms, it is possible that competition authority B detects collusion in B (formally,
if :‘B = af’B =1 and pf‘ =0 for all 7 < ¢, then C‘sz = 1 with probability aB),

It is easy to verify that Lemma 1 also holds under Assumption 3. Regardless of how competition
authority B detects collusion, if cf = 1, the expected discounted welfare of country B at period t if firms
are prosecuted is WE(pP = 1|cf = 1) = 55 4 2fF 4 %Smj, while if they are not prosecuted it
is WE(pE = 0|cP = 1) = 527, Since §°™F = §°F it is always the case that WP (pf = 1|cf = 1) >
WB(pE = 0]cF = 1)."2 Thus, as soon as ¢ = 1, competition authority B immediately prosecutes the
firms.

Next, we turn to the prosecution decision of competition authority A when it detects collusion.

Lemma 3 Suppose that Assumption 3 holds. Assume that the competition authority of country A detects
collusion, i.e., c? =1.

1. If the firms are not colluding in country B, then A always prosecutes the firms.
2. If the firms are also colluding in couniry B, then A prosecutes the firms if and only if

1—(1-a%)d2(1-aP) [6xF +(1-3) fB] _

ASt _2rh > A—(1—a®) (1 —ah)d]s Y

where ASH = geomA _ ged g

The intuition behind Lemma 3 is very similar to the one in Lemma 2. When firms are only colluding
in country A, competition authority A prosecutes the firms as soon as collusion is detected because its
prosecution decision does not have any impact on the profits of the firms in country B. When firms are
colluding in both countries, prosecuting collusion in country A increases aggregate surplus in country A,
but it reduces firms’ profits in country B (forcing firms to compete in country B and making them pay
fines). The main difference with Lemma 2 is that now competition authority B can detect collusion on
its own and, hence, not prosecuting the firms is less valuable for country A. Formally, the right hand side
of (2) is decreasing in . Thus, as the probability that competition authority B detects collusion on its
own increases, it is more likely that condition (2) holds. Finally, note that Lemma 3 is a generalization
of Lemma 2. With o = 0, the prosecution condition (2) hecomes (1).

The following proposition studies the equilibrinm decisions of the firms given the antitrust policies
implemented by the competition authorities of both countries. We focus on the most interesting cases
in which firms are willing to collude and the competition authority of country A does not prosecute the
firms.

Proposition 5 Suppose that Assumption 3 holds, firms punish deviations from collusion stopping
collusion in both countries, they coordinate in their best equilibrium, and 7% = (1-4) x4 and

“Note that since firms are owned by country A, market outcomes in country A are not relevant for the prosecution
decision of country B.
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78 = (1= 8)n®P. Let

B, _ 2 [67=8 + (1 - 8) fB] — 6 (AS4 — 27=4)
2[6m=5 + (1 - 8) £5] + TU=hs (ASA — 2no4)

a_ A —(1—8)mdA

= smdA 1 fA 2 (4)
P (’ﬂ":'A + '.r."'=B) —(1- 61{ﬂ“i"ﬁ+ Ti'd’B} .

T 6 (mdA 4 gdB) _ AT —alJ) ;Tj’(lj; 5‘5 +fB

g (1=8)mF £ o’ [6 (754 + 798) + (1 -48) f4]
t T 1= (a3 | ©

[y

[0

1. Suppose that (3)-(6) hold. Then, firms collude in both countries until the first time ¢ = 1, when
they are prosecuted in country B. Thereafter, they collude in country A until the first time c{:_T =1
with T = 1, when they are prosecuted in country A. Thereafter, there is competition in both
countries.

2. Suppose that (5)-(5) hold, but (6) does not hold. Then firms only collude in country A until the
first time ¢i* = 1, when they are prosecuted. Thereafter, there is competition. B

In order to see the logic behind Proposition 5 it is useful to interpret conditions (3)-(6). (3) is the

condition required for competition authority A to do not prosecute the firms when they are colluding in
e A A A

both countries. (4) states that 114 = ﬁ = 744 which means that firms are willing to collude in

country A even if they know that as soon as collusion is detected, they will be prosecuted. (5) states that

3Q5(IE,A _ah IA)

l—il—eg3 &

i af > g% £ 7948 which implies that firms are willing to collude in
both countries if they know that competition authority A will prosecute them, but only after competition
authority B detects and prosecutes collusion in country B. Finally, (6) means that o4 = 54, je.,

wc,.‘i_l_w:,.ﬁ'_aﬁ .E'+
]IC,AB — f

firms prefer to collude in both countries rather than only in country B.

Proposition 5 Part 1 describes an equilibrium in which firms start colluding in both countries, but
they are not prosecuted by competition authority A, even when 4 detects collusion, i.e., even 1f c’;‘ =1.
13 However, competition anthority B eventually detects collusion on its own (the first time that ef = 1),
prosecutes the firms and forces them to compete in country B. This, of course, does not mean that firms
stop colluding in country A. Indeed, since II** > 7%, firms will keep their collusive agreement in
country A until they are detected by competition authority A. This time, eompetition authority A will
prosecute the firms, because now there are no profits to protect in country B. Firms can also sustain only
colluding in country A, but this collusive agreement generate lower expected profits when 1545 = [1o4,
Finally, note that Proposition 5 Part 1 is a generalization of Proposition 3 Part 1. If o = 0, competition
authority B cannot detect collusion on its own and, hence, if competition authority A does not prosecute
the firms, there i1s collusion in both countries forever.

19T his oecurs because competition authority A accounts for the profits of the firms in country B and prosecution in country
A will trigger prosecution in country B. Additionally, firms are able to collude in both countries because 1545 = g&A 4 pd.8
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Proposition 5 Part 2 deseribes an equilibrium in which firms prefer to restriet eollusion to country A
because the fine that they will have to pay when collusion is detected in eountry B is too high. Note that

this equilibrium is not very likely to occur. Indeed, if colluding in country B generates positive expected
e B

profits, firms will always prefer to start colluding in both countries. Formally, 17 = 1 @ aaﬂ)a =0

=48 = 1154, However, Part 2 is useful to reveal a very interesting mechanism. Even

when there is no intrinsic value in colluding in country B, firms might prefer to also collude in country
B. Formally, even if IT>® < 0, it is possible that IT**? = [I°*. The reason is that colluding in country
B postpones prosecution in country A because when firms are colluding in both markets, competition
authority A does not prosecute collusion in country A.

is sufficient for

4.1 Prosecution Delays

The equilibrium in Proposition 5 involves a strategic prosecution delay. In order to see this, consider as
a reference point a situation in which both competition authorities always prosecute collusion as soon as
they detected it and firms are still willing to collude in both countries. In such environment, the expected
duration of collusion will be given by:

_ o A
=Y t(-at)at=1"T ()
t=>0

for country A and by:

B - A By\1k A B {l_ﬂA) (1_05)
=S k[0-o!) (10" - (1-ah) (-a?) = s )

k=0

for country B,
The expected duration of collusion associated with the equilibrium in Proposition 5 is given by:

f‘—l ot + a¥f — aAaB

o [kt ) .
=kz_:uk {Zﬂ{]—aﬂ)}aﬂ {l—a’i)k_l_?a J = QB—&_A, (9)

for country A and by:
B

= k 1—a
=Y k(1-a”) 0" = ——, (10)
k=0

o

"The logic behind these formulas is straightforward. When competition authority A prosecutes the firms as soon as
collusion in country A is detected, the probability that the firms are detected in period k is given by (1 —a:“‘:]kct"",
ie., the prubability that firms are not detected from ¢ = 0 to £ = k — 1 times the probability that firms are de-
tected in period ¢ = k. Analogously, the probability that collusion in country B is detected in period k is given by
[{1 —ct""] (1- aBJ] l —(1 —ct‘q'] (1- aB}] i.e., the probability that collusion is not detected neither in country A nor
in country B from { = Dtot=Fk— 1 times the probability that collusion is detected either in country A or in country ¥ in
period t = k. Finally, using the properties of the geometric distribution, it is easy to compute d* and 4.
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for country B.'®

The following corollary summarizes the results on the expected duration of collusion and compares
duration in equilibrium with an hypothetical situation in which both competition authorities prosecute
collusion as soon as it is detected.

Corollary 1 Ezpected Duration of Collusion. Suppose that Assumption 3 holds, firms punish deviations
from collusion stopping collusion in both countries, they coordinate in their best equilibrium, and 754 >
(1—8) 7% and 7F = (1 — ) 7t 5.

1. Suppose that competition authority j € {A, B} prosecutes collusion the first time that ¢ = 1 and,
under such anti-trust policies, firms are still willing to collude in both countries. Then, the expected
durations of collusion in countries A and B are given by (7) and (8), respectively.

2. Under the assumptions in Proposition 5 Part 1. The expected durafions of collusion in countries A
and B are given by (9) and (10), respectively.

3. Equilibrium prosecution delays in countries A and B are given by:

czf‘_d'f‘=i>u,

b
a? (1 — C:B)

R e T

=0,

respectively. W

Two remarks apply to Corollary 1. First, note that the equilibrium in Proposition 5 involves a
strategic delay in the prosecution of collusion. On average, collusion lasts (Q-B]_l extra periods in

A(1—af . . . T
country A and QB[I—&(I—Q-:;(I—E:B)] extra periods in country B. Second, lim_ = (d“‘ — d"] = oo and
hm_ s .4 (dB —dB ) = co. Thus, the equilibrium in Proposition 3 Part 1 generates an infinite prosecution
delay.

5. Endogenous detection probabilities

Up until this point, we have assumed that the probahilities of detecting collusion are exogenously given.
This section incorporates endogenous detection probabilities to the model. Suppose that in period £t =0

5The probability that competition authority A  prosecutes collusion in  period k i given hy

k=1 ) s .
r(1- c:'ﬂ:]j a” (1 —a"}k 4 where (1— G‘BJJGB is the probability that competition authority B detects col-
=0

lusion in period j < k— 1 and (1 — r:r"')k_l_j a™ is the probability that competition authority A detects collusion k — j
periods after collusion was detected and prosecuted in country B. Thus, {1 — D:B)J a® (1 —a*)* 7 7 ot is the probability
that B prosecutes in period j and A prosecutes k — j periods after. (Recall that in the equilibrium described in Proposition
5, firms start colluding in both eountries, but competition authority A only prosecutes the firms after competition authority
B detects and prosecutes collusion in country B). Regarding country B, in equilibrium, the probability that competition
authority B detects collusion in period k is (1 — QB)k a”. Again, using the properties of the geometric distribution, it is
simple to compute d* and d%.

19



NN GEE

and, before the prosecution policies are selected, each competition authority chooses the probability of
detecting collusion.!® The cost associated to the probability of detection o is given by € (a), assumed
smooth, increasing, convex, and satisfying C'(0) = 0, €' (0) = 0 and lim, 51 €' (a) = oo.

We use the augmented model to perform two different exercises. First, taking as given the probability
of detection of one competition authority, we study the incentives that the other competition authority
has to prosecute collusion depending on the ownership structure and the international presence of the
firms. Second, we characterize the Nash equilibrium levels of the probabilities of detection. While the first
exercise provides prediction on cross-sector detection probahilities, the second one provides predictions
on cross-country detection probabilities.

5.1 Detection probability as a function of ownership and international presence

We determine the best response detection probability of competition authority A, o, given the detection
probability of competition authority B, for the following alternative scenarios: 1) The firms are owned
by foreign citizens (formally, ghf =28 = 1). 2) The firms are owned by local citizens and only operate
in the domestic market (formally, o' = 624 = 1 and 7" = 7" = 0 for all ). 3) The firms are owned
by local citizens and they also operate in foreign markets (formally, o' = ¢24 =1 and ?Til‘B = TT?'B =0
for all ¢, with strict inequality whenever (atl‘B_. QE’B) # (0,0)).

The following proposition characterizes the probability detection selected by competition authority
A in each scenario. We restrict the analysis to the most interesting region of the parameter space in

which firms have incentives to collude in both countries. From Proposition 5, this region is given hy

R = {(a?,a77) €[0,1] x [0,1] : (11)-(14) hold}, where j € {A, B} and

2 [6mo—3 4+ (1 = 68) f9] — 5 (ASI — 2m=)

a™ > : T : — (11)
2[amed + (1= 8) 7] + 128 (AST — 2med)
oo (1 — &) xtd
I )
_ (7= + 7=B) — (1 - &) (w24 + 745)
a™ < o p— =, (13)
& (mdA 4 pdB) _ 5E1W_[1_:J;}r£_} 4+ fI
_ 3 4 0 [§ (7 4 po—d —& fi
gi o 19 +ao [§(7 +7%7) + (1 5”]. (19)

[—(-andf

and ASI = §eom.d _ §ed, Note that B4 is exactly the conditions in Propesition 5 Part 1, while R® would
he the conditions in Proposition 5 Part 1 when the roles of A and B are reversed.

Proposition 6 For a given detection probability of competition authority B. Suppose that Assumption
3 holds (with the roles of A and B reversed in Part 1), that firms punish deviations from collusion
stopping collusion in both countries and they coordinate in their best equilibrium. Furthermore, assume

that 74 > (1 — &) 7** and 7%P = (1 — &) 7B, Then:

8The timing is irrelevant because one of the competition authorities has a dominant strategy.
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1. Suppose that firms are owned by foreign citizens. Assume that (&B,_afﬁ) < RE, where o is the
detection probability set by country B and oy is the unique solution to

SASA 4 2f4(1 - §)
[1—(1-ag)d’

Then, the competition authority of country A selects a® = ap.

= (ay).

2. Suppose that firms are owned by local citizens and only operate in the domestic market. Assume

e A&y d.A X . .
that oy < Tﬁ,(—},f?—}—, where oy is the unique solufion to

5(ASA —2mH)
[1—(1—aum)d

Then, the competition autherity of country A selects a® = ayr.

C' (anr).

3. Suppose that firms are owned by local citizens and they also operafe in foreign markets. Assume
that {CEL_.Q'B) € R, where af is the detection probability set by country B and o is the unique
solution to

als? (AS4 — 27=4) B
[1-(1—ar)s’ [l - (1—a®)d]
B

Then, the competition autherity of country A selects a® = ay. Moreover, oy, is increasing in ab.

c’ {‘IL) ¥

oA g gy, A
4. Suppose that (Q’B._ &H] = RB, ap < I ég-rd-i+ﬁf:: and (CEL._Q' c R4, Then, oy > on > o,

i.e., the competition authority of country A is tougher with foreign firms than with purely domestic
firms and even less prone to prosecufe collusion of domestic firms that operate in foreign markets.
|

7)

The intuition behind Proposition 6 is as follows. When firms are owned by foreign citizens, competition
authority A always prosecutes collusion as soon as it is detected. (This is just Lemma 1 with 4 playing
the role of B.) However, competition authority B will not prosecute the firms before they are prosecuted
in country A. (This is Lemma 3 Part 2 with B playing the role of 4). As a consequence, the only way
in which A can detect and prosecute collusion in country A4 is relying on its own detection efforts. In
the Appendix we prove that, including the costs of detection, the ex-ante expected welfare of country
Seft 2t FAy ‘;—i;‘sm"hf‘

1—(1—aT)a

A A
competition authority A simply equates the expected marginal benefit of detection (W) with

the marginal cost of detection (C"(ay)). Also note that oy does not depend on af. The reason is that
competition authority B refuses to prosecute the firms until they are prosecuted in country A.

A is given by Wg' =

- (a“‘), which has a maximum at o = ay. Note that

When firms are owned by local citizens and only operate in the domestic market, competition authority
A always prosecutes collusion as soon as it is detected. (This is Lemma 3 Part 1). In the Appendix
we prove that, including the costs of detection, the ex-ante expected welfare of country A is given by

geA +2Wc,.1+a-“'65.cm,.q
W'DA = 1—(1—;;)26 - (Q’A:], which has a maximum at o* = ays. Since firms only operate in

country A, nyy is independent of o,
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When firms are owned by local citizens and they also operate in foreign markets, competition authority

A will prosecute collusion in country 4 only after competition authority B prosecutes collusion in country

B. In the Appendix we prove that, including the costs of detection, the ex-ante expected welfare of
nsa(sc--“-rzw“-"‘} o B 42 geom A

(Sc,ﬁ+2ﬂc,ﬂ}+_'__{ﬁi_]_+2(wc,ﬂ'_aﬂfﬂ')+ — =z
country A is given by W’DA = it }[a;_{l_aﬁla] it dah ¢ (O:A},_ which

has a maximum at a®* = a;. Note that oy, is a function of &®. Indeed, o is increasing in &®. The reason
is that as competition authority B is more likely to detect collusion in country B, the sooner collusion will
he prosecuted in country B and, hence, the higher the expected marginal benefit of detecting collusion
sooner in country A.

Finally, Part 4 is the most interesting result in Proposition 6. It states that, ceteris paribus the
market variables AS? and 7%, the discount factor § and the cost of detection C, competition authority
A 1s more willing to invest in detection when firms are owned by foreigners than when they are owned by
domestic citizens. Furthermore, competition authority A is less willing to invest in detection when firms
owned by domestic citizens are colluding in foreign markets. Proposition 6 Part 4 can also be interpreted
as a prediction of cross-sector detection probabilities. Ceteris paribus, AS*, 75, §, and C, competition
authorities will tend to invest more on detecting collusion in sectors dominated by foreign firms than in
those dominated by firms owned by loecal citizens and, among the last group, competition authorities will
tend to be even less harsh with firms that are colluding in foreign markets.

5.2 Nash equilibrium detection probabilities

The following proposition characterizes the Nash equilibrium levels of the detection probahilities.

Proposition 7 Suppose that Assumption 3 holds, that firms punish deviations from collusion stopping
colluston in both countries and they coordinate in their best eguilibrium. Furthermore, assume that
7o = (1= 8) 7% and 7%F = (1—§) a%8. Let [:csA"_.Q-‘B"') € R, where (crA=‘,aB=‘} is the unigue
solution to

BJ-JE &SA_QT;C:A
o { - } = (Q_A.-J ,
[1-(1-at)d]" [1-(1-ab)d
ASE 4 2f8 (145
T2 A0 _ (o84,
1~ (1—aBe)g
Then, the Nash equilibrium probabilities of detection selected by the competition authorities are

(e, af) = (o, aP*). Moreover, if 6ASE 4+ 25 (1 -4) > 82 (AS? —2r°4), then af > ot
[ ]

Two remarks apply to Proposition 7. First, note that competition authority B has a dominant
strategy (o = af* regardless of '), while the best response of competition authority A depends on
aP. Second, under a relatively mild condition, the country that owns the firms invest less on detection
than the country that does not own the firms (a®* = a*). The reason is that for the country that
owns the firms, prosecuting collusion has the extra cost of losing collusion profits in the other country.
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6. Antitrust policy, international agreements and integration

Up until this point we have studied the equilibrium prosecution policies implemented by two independent
competition authorities. That is, the focus has been on the positive side of the problem. From a
normative perspective, it is clear that in order to maximize the aggregate expected welfare of the world
(W = wg' + WF), both competition authorities should prosecute collusion as soon as it is detected.
Indeed, this would be the policy selected by a globally integrated competition authority with a mandate
to maximize W’H’"—, Compared with the equilibrium prosecution policies, full prosecution increases the
world’s welfare as well as the welfare of the country that does not own the firms, but it hurts the country
of origin of the firms, which would prefer to delay prosecution. Moreover, it would be very complicated
to reach an international agreement that implements full prosecution, as the country of origin of the
firms would not be willing to participate.'” Note, however, that this logic might not apply if there
are several industries and the firms of each country operate and try to organize collusion in different
industries. In this section we argue that, by introducing multiple industries, with different countries of
origin, there might be room for international agreements to be put in place. In order to formally explore
this possibility, we incorporate a second industry to our model.

As in previous sections, assume there are two countries (A and B) with their respective competition
authorities. In each country there are two industries, denoted by z and y. Only two companies operate
in each industry: companies 1,z and 2, r in industry = and companies 1,y and 2,y in industry y. Let

(aﬁ""‘d‘,ai’z‘ﬁ) with i € {1,2} and 2 € {z,y} denote the decision of firm i,z in period ¢, where a7 = 1

indicates that firm i,z chooses to collude in country j and a:”"j = 0 indicates that firm 1, 2 chooses to
compete in country j. Collusion can only occur within industry. Let ﬁ:‘z‘A, ?rz‘z:B denote the profits

that company i, z obtains in period ¢ from its operations in countries A and B. Assume that

Firm 2
atl_n—_?' =1 I:1!2,_’.—3' _
Firm 1 a::"‘j: — 1 [7559, 7529 [0, 77
a9 Z0 (50 To.0

where 7924 = 7%%7 = 0. Denote by ¢**7 the share of firm i,z owned by citizens from country
j. Let Sfj' be the consumer surplus in industry z and country j. Assume that Sf=j = §%J when
ay™ = a; """ =1 and §;7 = §°™3J otherwise, where §°™%J = §%3J 4 27%%J for all z, 7. Finally,
denote by 79 = 7% the fine charged by the competition authority of country j if firms are found
organmizing collusion in industry =z.

The timing is as follows. At the beginning of period £ = 0, the competition authorities simultaneously
select their prosecution policies. Then, firms play an infinitely repeated game, where the stage game is
given by:

1. In each industry both firms simultaneously choose to collude or compete.

'71f forced to do so, it will have a strong incentive to withhold any information of collusion.
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2. Nature sends a signal to the competition authority of country j (k) regarding the behavior of firms
in industry x (y) in country j (k). Upon observing the signal, the competition authority of country
7 (k) implements its prosecution policy for industry = (y).

3. Nature sends a signal to the competition authority of country —j (—k) regarding the behavior of
firms in industry = (y) in country —j (—k). Upon observing the signal, the competition authority
of country —j (—Fk) implements its prosecution policy for industry = (y).'®

A natural generalization of the ownership distribution studied in Sections 3 and 4 is to assume that
each country owns the two firms of one of the industries. Formally, let o'*4 = 254 = 1 and o'%¥ =
a2¥B = 1, meaning that only citizens of country A (B) own the firms in 111{:lus;‘c1'}r z (y). Regarding
collusion detectlon, the following assumption is a generalization of Assumption 3 for an environment
with two industries.

Assumption 4 The signals received by the competition authorities are:

1. Industry x:
1 with probability o= zfal wA ?=I‘A =1,
e = ¢ 0 with probability (1—a*4) ifa;™* =al™" =1,
0 otherwise.
1 with probability o™ if a:’r'ﬂ = af’I‘B =1 and p=* =0 for all T < ¢,
B 1if ail o8B _ :1?‘:“5 =1 and pf‘A =1 for some T < t,
“ T Y0 with probability (1 — a®8) if a:‘I‘B = af B =1 and pE* =0 for all T < ¢,
0 otherwise.
2. Industry y:
1 with probability %58 ifa, P =a*P =1,
% = £ 0 with probability (1—a®B) ifa;¥? = a8 =1,
0 otherwise.
1 with probability a¥* if a:'g'ﬂ zyA =1 u.ndpf =0forallT <t
c%"“d‘ _ 1if al‘y’A = 2’1""4 =1 and p¥¥ —1 lf{or sa;mi?' =, ;
0 with probr.t.bu'zty (1 — ot A} ifa," =a;"" =1 and p¥"” =0 for all T <t
0 otherwise.
6.1 Equilibrium under independent competition authorities

As in previous sections suppose that each country has a competition authority with a mandate to max-
imize the country’s expected aggregate welfare. In order to characterize the equilibrium it is useful to

"¥Note that with this timing the signal received by the competition authority of country —j (—k) about industry = (y)
could depend on the prosecution decision implemented by the competition authority of country j(k).
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define the following sets. Let R*7 = {(a®7,a™7) € [0,1] x [0,1] : (15)-(18) hold}, where z € {z,y},
j€{A B} and

2 [wed 4 (1 — §) f=~i] — 6 (AS=I — 2me=)

a* i > - - S(1—a=d) - ! (]-':’}
2[dme=—i 4 (1 —4) f=—3] 4+ ﬁ%ﬁ“&f’r” — 2me=d)
. T.,c:z.j o (1 _ 5} ‘_rd.z\j

i dmd.zg L fz.j ! (].5}
i (.‘TC.Z.A +?TC’Z'B) _ (1 _ 5} (T;d.z.fl + T;d.z,B) (17}

o - — .

- 3 2 By _ B(w®Fd —a®d f20) = —3

§ (w4 qd=B) _ AEERoEn o) 4 s

. (L=@)m=m 4o [§ (w7 4 7o) 4 (1 8) f4

I e L ) +(1-8) £ %)

(= (T—a)5] 77

Proposition 8 Suppose that Assumption 4 holds, firms punish deviations from collusion stopping collu-
sion in both countries, they coordinate in their best equilibrium, and 77 > (1 — 4) 7829 for z € {z,y}
and j € {4, B}.

1. Industry x. Suppose that [cu‘“‘l._ r:tr‘B) € R*A. Then, in industry = firms collude in both countries
until the first time r:fﬁ = 1, when they are prosecuted in country B. Thereafter, they collude

in country A until the first time cf:: = 1 with T = 1, when they are prosecuted in country A.
Thereafter, there is competition in both countries.

2. Industry y. Suppose that (o.»g'B., r:\rl’"‘d*} € R¥B. Then, in industry y firms collude in both countries
until the first time ci”A = 1, when they are prosecuted in country A. Thereafter, they collude
in country B until the first time c‘fﬁf = 1 with v = 1, when they are prosecuted in country B.
Thereafter, there is competition in both countries. B

Proposition & is a straightforward generalization of Proposition 5 Part 1. In industry o competition
authority A delays prosecuting firms because it does not want to trigger prosecution in country B, while
the opposite happens in industry y. More formally, condition (15) applied to z = = and j = A states
that competition authority 4 does not prosecute collusion in industry & until collusion in industry = is
not detected in country B. Conditions (16) and (17) mean that collusion in industry = can be sustained
in country A as well as in both countries. Finally, condition (18) states that in industry = firms prefer to
collude in both countries rather than only in country A. For industry y, the roles of countries A and B
are reversed, but the interpretation is analogous. Here it 1s competition authority B the one that waits
until firms are prosecuted in country A4 to prosecute collusion in country B.

6.2 Equilibrium under a globally integrated competition authority

The equilibrium in Proposition 8 assumes that competition authority j maximizes the expected welfare of
country j. Next, we consider that competition authorities are integrated into one competition authority
with the mandate to maximize the aggregate expected welfare of both countries. For example, this could
capture the situation of the European Union if part of the integration process includes the consolidation of
all the national competition authorities into one competition authority for the whole union. Alternatively,
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the situation under integration could better approximate the present anti-trust policy in the United States,
while Proposition 8 could capture an alternative institutional arrangement in which anti-trust policy is
fully delegated to the states.

Suppose that the competition authorities of both countries merge and form a unique globally
integrated competition authority with a mandate to maximize the world’s aggregate expected wel-
fare. In such environment, the global competition authority will always prosecute collusion as soon
as it is detected, which will change the incentives of the firms to organize collusion. In particu-
lar, to characterize the equilibrium under integration it is useful to define the following sets. Let
B9 ={ (a7, 0577) € [0,1] x [0,1] : (19)-(21) hold}, where

7539 _ (1= §)gh=d

F7d + dmded

[m; < “‘”—(%")f’d—u—-ﬂ(nd”-*‘w“""’}] or

: (19)

afd <

fz,.‘\ +fz,.5+5(7rd,z,.‘\+_’rd,z1ﬂ}
Wc,r.j_(16;9})fr,—j_(1_5}(H,z,ﬁ+nd,z,ﬂ') i wc,z,}\+rc1r,5_(I_JJ(Wd,z,ﬂ_th,rlﬂ')
|: P1A+IZ1E+6(,’TH,71A+I|1,1,H) =ane < fz,.-l+P,E_d‘(wd1z,ﬁ+ﬂ.d,zlﬂ'} and (20}

Trc,r,)t+ﬂc,z,ﬂ'_az,j(}-z,)i_'_fz,ﬂ}_[l_(l_ar,j}a] (wd,z1ﬂ+rd,zlft}

. . R EoT 0 el f3T . ’
(1—01‘1][6nd17.—1+f2.—_:_'§_"1L_fl_‘:_m'rFl+érrd#J]
s (1 §)mets—d 7o gy [

Z,—3
I L <o < M—afd) =3 ar

. . S SC T B P ] Trz,z,—j_ﬁz,_‘f T, —J
[az, i {mln{" _fn—:‘iaf.-d?:—j : (1_.:”))”1-{‘1 } and (21)
w2 F _qFd fEd a3 (1—a® 7 ) [#n53 T 4(1-8) f5 7]
I (1—a®3)5 = [I—(l—a=T@|[i_(1—asd){1—a=7)d]

oI <

Proposition 9 Suppose that Assumption 4 holds, firms punish deviations from collusion stopping collu-
sion in both countries, they coordinate in their best equilibrium and 759 > (1 — d) 73 for z € {z,y}
and j € {4, B}.

1. Industry x. Suppose that {aI=A._arI’B] € B=*. Then, firms collude in both countries until the first
time cf’A = 1, when they are prosecuted in both countries, or until the first time c'f’A = 0 and
.:':’B =1, when they are prosecuted in country B. In the later case, firms keep colluding in country

A until the first time c‘tﬁ_‘i =1 witht = 1.

2. Industry y. Suppose that (cty=B,c:9*A) € RvB. Then, firms collude in both countries until the first

time c?ﬁ = 1, when they are prosecuted in both countries, or until the first time c?‘B =0 and

cf’A = 1, when they are prosecuted in country A. In the loter case, firms keep colluding in country
B until the first time c.ﬂ_‘? =1lwithr=1. 1

Proposition 9 simply states the conditions under which firms are willing to collude in both countries
until detected and, if they are only detected in one country, keep colluding in the other country, when they
face an integrated competition authority. More formally, conditions (19) and (20) applied to industry
r and country A state that collusion in industry z can be sustained in country A as well as in both
countries. Condition (21) means that in industry = firms prefer to collude in both countries rather than
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only in one country. For industry vy, the roles of countries A and B are reversed, but the interpretation
is analogous.

The following corollary compares the expected welfare of each country when each competition au-
thority maximizes the welfare of its country (Proposition 8) and under integration (Proposition 9).

Corollary 2 Suppose that Assumption 4 holds, firms punish deviations from collusion stopping collusion
in both countries, they coordinate in their best eguilibrium and 759 > (1 — 8) 7% for z € {z,y} and
j € {A, B}. Assume that (a4, a"F) ¢ R** N R** and (o, a¥*) € R¥® N RY-E. Then:

1. Country A benefits from integration if and only if AF‘VDI’A + &E‘VD!“A > 0 and (if j = B), where

pae @A [S(ASTA ) 21 an®) [ (1) g2
L [1_(1—0.:.5)5] []—(:].—Q.I,A}é] [1_(1_01:)‘1}(1_&:,5)5]
At _ %P (L—a?) [5ASY4 4 (1 —8) 2]
0

T —(1l—am) (1 —a=B) 5|1 — (1 —a¥t)d)’

2. Country B benefits from integration if and only if ATr‘VDI:B + :MrV[‘i’“B = 0, where

O__I.A (1 _ Q:.S) [5&3:.5 + (1 _ 5} E'f‘rﬁ]

"—\“"UI:B = Y B By 5]’
[1-(1-a*)(1-a*")d][1—(1-a"")d]
AWE — a¥B § (ASYE _ 27w B) 2 (1 — o) [§7°%4 4 (1 - §) f4]
O T o=(—er M | I-(-avP)y] T [-(I-a*h)(1-avP)]

3. Moreover, if n°%9 = 7%, 7959 = g, AS*3 = AS, o9 = a, and f*7 = f for all z € {z,y} and
7 € {A, B}, it is always the case that both countries are better off under integration. W

The intuition behind Corollary 2 is simple. On the one hand, country A obtains a lower aggregate
welfare in industry = under integration (AF‘VD::A < (). The reason is that an independent competition
authority will delay prosecution only when the profits from collusion in country B outweigh the benefit
from stopping collusion in country A. On the other hand, country A obtains a higher aggregate welfare in
industry y under integration (&ﬁfﬁ"‘A = () because an integrated competition authority does not delay the
prosecution of firms from country B organizing collusion in country A. Note that it is perfectly possible
that AW Ay ﬂl’r’v’&"ﬂl = 0 and, hence, country A is better off under integration. The welfare comparisons
for country B follow the same logic, except that we must reverse the industries. In other words, under
integration, country B obtains a hi%her aggregate welfare in industry z, but a lower aggregate welfare in
industry x (&W’g’ = 0 and &Hr’g' < 0). Again, if AH’;‘B + AH”S[‘B = 0, country B is also hetter off
under integration. Finally, Part 3 considers a particular case in which everything is symmetric (across
industries and countries). In such a case, the extra profits that one country is obtaining from collusion in
the other country in one industry are perfectly offset by the extra profits that foreign firms are obtaining
from collusion in the domestic market in the other industry. Thus, once we aggregate hoth industries,
integration is neutral with respect to collusive profits, but it eliminates the deadweight loss associated
with eollusion. Corollary 2 shows that, given the incentives that independent national authorities have
to delay prosecution, both countries might be better off if they integrate their competition authorities.
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7. Conclusions

This paper pushes the frontier of the analysis of antitrust policy in open economies. We develop a po-
litical economy model of antitrust enforcement in an open economy and characterize the equilibrium
prosecution policies selected by benevolent national competition authorities. In the several scenarios
studied in our model, we show that price fixing agreements reduce the world’s aggregate welfare and,
therefore, should be prevented. However, we also show that national competition authorities may have
biased incentives towards the prosecution of collusive activities. In particular, the country of origin of the
firms has weaker incentives to prosecute collusion because domestic prosecution spirals into foreign pros-
ecution, which reducps the profits of domestic firms in foreign markets. This misalignment between the
equilibrium prosecution policies and the global welfare maximizing solution could be solved by integrating
the competition authorities. Integration would, nevertheless find resistance by the country of origin of
the firms, undermining its efficacy. Such a solution is more likely to succeed in a multi-industry world
where each country specializes in a different industry. Indeed, we have shown that in a multi-industry
world each country could be better off if an internationally integrated competition authority decided on
prosecution based on global welfare.

Our results have important implications for the design of antitrust enforcement institutions and
agencies. First, although there might be benefits from decentralizing antitrust enforcement to sub-
national entities, our model suggests that countries should centralize antitrust enforcement in a national
competition authority. Second, our results suggest that competition authorities should consider the
origin of the firms and their foreign operations when they decide to initiate a collusion case. Political
transparency could be a problem. How can the public distinguish a competition authority captured by
the firms from one dedicated to maximize national welfare that does not prosecute some firms to protect
their foreign profits? For some industries both could be observationally equivalent. There might also
exist practical barriers to implement such policy. For example, firms can employ accounting tricks to
assign profits to different countries in order to inflate their foreign operations and avoid prosecution.

Finally, there are several avenues to expand our analysis. For example, we have developed a two-
country model, but the mechanism behind our results should also apply to a setting with multiple
countries. More importantly, in such setting there will be room for the strategic formation of coalitions
of countries that decide to integrate their competition authorities. The logic highlighted in this paper
can be generalized very naturally beyond antitrust enforcement to areas such as international regulation,
abuse of dominant position, ete.
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Appendix to “Of Course Collusion Should be Prosecuted. But Maybe
... or (The case for international antitrust agreements)”

This Appendix presents the proofs of all lemmas and propositions.

A.1 Proofs of Lemmas 1, 2, and Proposition 1

Proof of Lemma 1. Suppose that the competition authority of country B detects collusion in period
t, 1e., c‘f = 1. Note that this can only oeeur if a:‘B = a?‘B = 1 and p‘:‘ = 1 for some 7 < t. If the
competition authority of country B prosecutes the firms, then the expected discounted welfare of country
B at period t 1s

i)
wp (p:B — 1|ciB =1)= §eB 9B 0 geomB

1-46
while if firms are not prosecuted, it 1s
ge.B
Wi (pf =0lcf =1) = +—-

Since S°mF = §eB it must be the case that W5 (pf =1|cf =1) = WF (pf =0|cF =1). Thus,
whenever B detects collusion, it immediately prosecutes the firms. l

Proof of Lemma 2. Suppose that firms are only colluding in country A4 while there is competition
in country B and the competition authority of country A detects collusion in period £, i.e., ¢f' = 1. If the
competition authority of country A prosecutes the firms, then the expected discounted welfare of country
A at period t is'?

3
Wi (gl =1l =1,4) =5 L2 (7 — ) 427 + — ésmﬂ,,

while if firms are not prosecuted, it 1s

SC,A + 2?1-::1‘1

WA (o =0l =1.4) = —

Since SeomA = §eA 4 9reA it must be the case that W (pft = 1| = 1. 4) = WA (pf = 0|¢ = 1, 4).

Suppose that firms are colluding in both countries and the competition authority of country A detects
collusion in period #, ie., r_f‘ = 1. If the competition authority of country A decides to prosecute the
firms, then the competition authority of country B will detect collusion in country B as well, i.e., ¢f = 1.
Hence, firms will be also prosecuted in country B. Thus, if firms are prosecuted in country 4, the
expected discounted welfare of countrv A at period ¢ will be

)
W (! =1} =1,AB) =84 1 2 (x> — ;A =P — By p 27" 4 5 Jsmm"‘.

" Note that we employ the following notation. W;*(p' = 1|t = 1, A) is the discounted expected welfare of country A
when firms are only colluding in country A, &' = 1 and competition authority A choses to prosecute the firms. Wt{pf* =
1l = 1,AB) is the discounted expected welfare of country A when firms are colluding in both countries, e = 1 and
competition authority A choses to prosecute the firms.
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If the competition authority of country A does not prosecute the firms, then there is no way that the
competition authority of country B finds that firms are also colluding in country B. Then, firms will
continue colluding in both countries and the expected discounted welfare of country A at period ¢ will be

SE:A 92 (,:TCA + ﬂ_r_‘:B)

W (o' =0l =1,AB) = -

WA (pA=1cf =1,AB) > Wi (p}

—Ojcf =1,AB) if and only if &(ASA—27e4) >
?[6?{”‘3+(1—5) fB] (equivalently, § = & =
|

278 A A A
&Sﬂ_hcl_.uzfs_zwclg},, where AS? = geomA _ gedl

Proof of Proposition 1. Suppose that § < d. Then, from Lemmas 1 and 2, if firms collude in both
countries they will be never prosecuted. Therefore, the expected profits of a firm under collusion are
given by:

o + moB

1-4
(Recall that firms can either collude in both countries or in none of them). Collusion can be sustained
as a subgame perfect Nash equilibrium whenever II548 > gdA o 748 which always holds since 7% =
(1—4d)r? for j = A, B.

Suppose § = §. Then, from Lemmas 1 and 2, if firms collude in both countries they will be prosecuted
the first time ¢f' = 1. Therefore, the expected profits of a firm under collusion are given by 11548 =
at (’n"’"’* 4B A fB} +(1- r:t‘d‘} (?."‘”"‘11 +aoB 4 5H“=A‘B}, which implies

HC‘AB —

7oA 4 qeB _ oA (A 4+ £5)
1—(1—at)s

HqAB _

Collusion can be sustained as a subgame perfect Nash equilibrium whenever 1548 > gdA L g4.B, (Since
firms are not allowed to collude in each market separately, when a firm violates the collusive agreement,
I{w"""' +'.|1'°’5)—{1—r5] l\(wd""-l—:rd’s)

fALFE +5{;,.d,A +,,,.d,ﬁ')
they are prosecuted, while if II54F « 794 4 g4.B (equivalently, if ot = 6.»1} firms do not collude at all.
|

it deviates in both countries). Therefore, if ot <al = , firms collude until

A.2 Proof of Proposition 2

Suppose that § < 5. Then, from Lemmas 1 and 2, if firms collude in both countries or they only collude in
country B, they will never be prosecuted, while if they only collude in country A, they will be prosecuted
the first time c{l = 1. Therefore, the expected profits of a firm under collusion in country A, collusion in
country B and collusion in both countries are given by:

A AgA _eB A | _eB
oA — Tt —a’f MB_ T cap TN 47"

T 1l—(l-at)d’ T 1-4 To1=4 7

respectively. In order to deduce I1%* note that I1=4 = o (?r‘:-”* — f”*} +(1— o:'d-) (7.'“’* + EHC-"J‘)‘
Next, we deduce conditions under which each type of collusion can be sustained as a subgame perfect
Nash equilibrium. For collusion in country A to be an equilibrium, it must be the case II5* = 794,
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For collusion in country B to be an equilibrium, it must be the case that II%% > 7%, which always
holds. For eollusion in both ecountries to be an equilibrium, it must be the case that no firm has an
incentive to deviate in country A, in country B, or in both countries, which requires %% = 94 4 [1%5,
meAB = =4 4 7dF and 11948 = ot L 7948 respectively. Since 7%9 > (1 — &) 7% for j = A, B,
all these conditions hold. Therefore, if 1154 > 74, the three types of collusion can be sustained as
an equilibrium, while if 1% < 7%, only collusion in country B or collusion in both countries can be
sustained as an equilibrium. Finally, note that II%*® = 1154, 1%, Thus, firms prefer to coordinate in
an equilibrium in which they collude in both countries.

Suppose that § > 4. Then, from Lemmas 1 and 2, if firms only collude in country B, they will never
be prosecuted, while if they collude in country A or in both countries, they will he prosecuted the first
time that ¢f* = 1. Therefore, the expected profits of a firm under collusion in country A, collusion in

country B and collusion in both countries are given hy:

e i A [IeAB _ 74 + 78 — o (f4 + fF)

1 N, | S
1-(1—at)s’ 1-4° 1-(1-a?)s

respectively. In order to deduce II*'P, note that MI*4F = a4 {";r‘:""l + o8 A _fB) +
(] o O:A) (ﬂ_c,fl 1 ?TC:B + JHL‘:AB}‘

Next, we deduce conditions under which each type of collusion can be sustained as a subgame perfect
Nash equilibrium. For collusion in country A to be an equilibrium, it must be the case that 154 > gd4,
For collusion in country B to be an equilibrium, it must be the case that II%® > 7%8, which always
holds. For eollusion in both ecountries to be an equilibrium, it must be the case that no firm has an
incentive to deviate in country A, in country B, or in both countries. No firm has an incentive to stop
colluding in country A if 1547 > 744 4 1%, No firm has an incentive to stop colluding in country B
if 154 = 1154 L 798 No firm has an incentive to deviate in both countries if [154F > gdA | pd.B
Therefore, we must consider four different cases.

1. Only collusion in country B can be sustained as an equilibrium when II5* < 7% and at least one
of the following inequalities holds &P < 7&A L 108 [15AB = 114 4 g4 B [IeAB = gdA 4 2d B Thege
conditions hold if and only if II°* < 7% or, which is equivalent o = Eri, = %wj%ﬂ. Therefore,
if ot = &EH, firms collude in country B and they are never prosecuted.

2. Only collusion in country B or in both countries can be sustained as an equilibrinm when 154 <
adA, IeAB = oA | pd B qeAl » opdA 4 a8 and 1948 = 244 4 598, These conditions lead to

A d.A A O G o inate.® -
14 < %4 and [1¢4 > 7ot 4 T —Y; . a contradiction.

3. Only collusion in country B or collusion in country A can be sustained as an equilibrium when
%4 = 7%4 and at least one of the following inequalities holds II%4F < 744 4 [1o8, [1oAB o oA 4 gdB
eA8 & 84 4 748 These conditions simultaneously holds if and only if

a? (8118 + fB)

d.A eA 4.4
Ll ! {H‘ L N
T < <+ I—(1—ah)s

or
ot (1197 4 £7) and TI°F < [1-(1-a?)é] x5 +af*f3_

Hc.ﬁl} d,A
2T T T 1 —a)e 1-4
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it £ ) R W SR I JPE d and third i
AT AN BB " = ap, while the second an rd in-

. . D A 7oA (1-§)zdA . )
equalities are equivalent to s < o £ SaATA R E Then, only collusion in coun-
try B or collusion in country A ecan be sustained as an equilibrium when Eti < a? < .ﬁ:i,, where
r (e = (9727 1 Finally, firms prefer to collude in A when T4 > 158
FAAT A SeF 1B G-ABL[F . v, prefer to collude in A when =
[l—ﬁ}l(rrc“"—rrc‘ﬁ

or, which is equivalent, o < Wgﬂm—} Otherwise, they prefer to collude in B.

The first inequality is equivalent to

—2 _ .
ay = l'ﬂll'l{

4. The three types of collusion can be sustained as an equilibrium when II¢4 > gdA [[=AF =
e 4 gdB 1eAB > gdA 4 o8 and 194F = g4 4 795 These conditions hold if and only if

o’ (6117 + £F) and 157 > 1-(1-a%)s] xB +r::“"f3.

[[eA = A
2Tt T Ao 1-4

D ) P e )
611-"-"‘+_f"‘+6|‘1°-3+_1"3’ l&‘wd.ﬂ_l_fﬂ
. . A(sn=By fB . . .
that TI5A% > 1157 if and only if %4 > U while 4% > 114 if and only if 118 > &1L7
Thus, when the there types of collusion can be sustained as an equilibrium, firms prefer to coordinate in
an equilibrium in which they collude in both countries.

These inequalities are equivalent to o < 47 = min { } Moreover, note

A.3 Proof of Proposition 3

Suppose that § =< 4. Then, from Lemmas 1 and 2, the expected profits of a firm under collusion in
country A, collusion in country B and collusion in both countries are given by:

A A pA —e B A —c. B
HC‘A— TI'C — X f HC‘BZ nc HC=AB= ?Tc +hc

T 1l—(1—at)§’ 1—4' 1—6

respectively.

Next, we deduce eonditions under which each type of collusion can be sustained as a subgame perfect
Nash equilibrium. For collusion in country A to be an equilibrium, it must be the case that 14 > g&4,
For collusion in country B to be an equilibrium, it must be the case that II=F > 798 which always holds.
For collusion in both countries to be an equilibrium, it must be the case that 148 > gdd 4 7B Note
that, since the punishment for deviation i1s competition in both countries, once a firm decides to violate
the collusive agreement, it deviates in both countries. Since 7% = (1—4) 7% for j = A, B, collusion
in both countries can always be sustained. Therefore, if [I=4 > 794, the three types of collusion can

be sustained as an equilibrium, while if 154 < &4

, only collusion in country B or collusion in both
countries can be sustained as an equilibrium. Finally, note that I1%4F = 114 T1%8. Thus, firms prefer
to coordinate in an equilibrium in which they collude in both countries.

Suppose that 4 > §. Then, from Lemmas 1 and 2, the expected profits of a firm under collusion in

country A, eollusion in country B and collusion in both countries are given by:

,ﬂ_c:A _ QAfA nB _ ﬂ_c,B ‘ HC.AB _ ,;.,c:A + ﬂ.c.B o O:A (fA + fB)

et =2 -2 & =B
1-(1—at)d’ 1—4 1—(1—a?)d

5

respectively.
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Next, we deduce conditions under which each type of collusion can be sustained as a subgame perfect
Nash equilibrium. For collusion in country A to be an equilibrium, it must be the case that II=4 = &4,
For collusion in country B to be an equilibrium, it must be the case that I > 7% which always
holds. For collusion in both countries to be an equilibrium, it must be the case that no firm has an
incentive to deviate in both countries, which requires 11548 = 794 L 748 Therefore, we must consider
four different cases:

1. Only collusion in country B can be sustained as an equilibrium when I1%* < 7%4 and o948 <

A _dB hich . A =3 _ 5ot (1-_g)xtA A a3 (mtrsB) (18 (atAndE)
794 4 798 or which is equivalent, a? > &% = FrdALfA and o = 6" = S(ri A+ 78 B) 1 AT B

Thus, if o > c_rf.;, = max {.ﬁ:3, .:3:3}‘_ firms only collude in country B and they are never detected.

2. Only collusion in country B or in both countries can be sustained as an equilibrium when T4 <
a4 and 1948 = 84 4 798 or which is equivalent, & < a® < &, If & < &, this never holds,
while if &* = @°, firms must decide between collusion in B and collusion in both countries. Firms prefer
to collude in both countries when I1%48 = TI%% and to collude in B when 1548 < II=#, Note that

948 > TP if and only if o < 6% = sp T2 Thus, if 6° < a°, firms collude in both

countries when o < &% and they collude in country B when o = a3,

3. Only collusion in country B or collusion in country A can be sustained as an equilibrium when
o4 = g4 and 48 = 794 L 798 o1 which is equivalent, & ot <ad et > &3, this never holds,
while if 4% < @, firms must decide between collusion in A and collusion in country B. Firms prefer to

collude in A when IT%* = II*F and to collude in B when II°* < I1%%. Note that 1" = II=F if and
only if a# < 3 = L2 7 A
¥ = FmeBA(1-d)aAfA

collude in country B when a* = &%,
4. The three types of collusion can be sustained as an equilibrium when II5* > %4 and 11548 >
oA 4 gdB or, which is equivalent, ot < &i = min {523,_&3}. Firms prefer to collude in 4 when

Thus, if &° = @3, firms collude in country 4 when o < &% and they

=4 = max {H“=B,HC=AB}, 1.e., when “—;;_:,B— < o < a3 Firms prefer to collude in both countries when

. . LB . .
1548 = max {H‘“A‘_ HC'B}, i.e., when o < min %—,0:3 . Finally, firms prefer to collude in B when

1155 = max {HC'A,HQAB},_ i.e., when o' > max {5-3,&3}‘ O

A.4 Proof of Proposition 4

Suppose that firms are only eolluding in country A while there is and will always be competition in
country B. Assume that Cf‘ = 1. If the competition authority of country A prosecutes the firms, then the
expected discounted welfare of country A at period ¢ is W (pf‘ =1left =1, A) = SeA 49 [?rC-A — _f""-:] +
2f4 4 {4:5°mA  while if firms are not prosecuted, it is W/ (pf = 0jeft =1, 4) = £28250 ginee
Geem. A Ged 4 2reA it must be the case that W2 (pf! = 1] = 1,4) > WA (pi! = 0[¢f* = 1, A).

Suppose that firms are only colluding in country A, there is competition in country B, but as soon
as they are prosecuted in country A, firms will start colluding in country B. Assume that cf‘ = 1. If the
competition authority of country 4 prosecutes the firms, then the expected discounted welfare of country
A at period t is W/ (pi! = 1|' = 1,4) = §°4 4 27=4 4 & (§eomA 4 272F), while if the firms are not
prosecuted, it is W' (pf‘ =0let = 1,4) = &;’j’ﬂ. Since, StomA = ged 4 9ped it must be the case
that W (p! = 1| = 1,4) > WA (p! = 0| =1, A).
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Suppose that firms are colluding in both countries and cf‘ = 1. If the competition authority of
country A decides to prosecute the firms, the expected discounted welfare of country A at period t will
be W (pi! = 1| = 1,LAB) = 84 £ 2 (x5 — fA 4758 — fB) 4 254 4 [£.6™A  Tf the competi-

tion authority of country A does not prosecute the firms, then the the expected discounted welfare of

e, A med g, B
country A at period f will be W (pf = 0]cf = 1, 4B) = S2H2000) a4 _ 11t = 1, AB) >
Wi (pt = 0|c* =1, AB) if and only if & (5= — 84 _274) > §27%F 4 (1 -4)2fF or, which is

equivalent, § > § = scom,d_sc-d_?z{rid 1575 5 E Thus, Lemma 2 holds when Assumption 1 is replaced

by Assumption 2.

Suppose that § < §. Then, from Lemmas 1 and 2, if firms are colluding in both countries they will
never be prosecuted. Therefore, it firms always collude in both countries, the expected discounted profits
of a firm are given by:

?TC‘A—F GTC‘B
1-4

Note that there is no other form of collusion that will induee higher discounted expected profits. Moreover,

HC:AB —

always collude in both countries can be sustained as a subgame perfect Nash equilibrium. In order to
prove this, note that for collusion in both countries to be an equilibrium, it must be the case that
eAB = gdA | g4 B Sinee 709 = (1 — §) 784 for j = A, B, all these conditions hold.

Suppose that § = 5. Then, from Lemmas 1 and 2, if firms are only colluding in country B, they will
never be prosecuted, while if they are colluding in country A or in both countries, they will be prosecuted
the first time that ¢f' = 1. Therefore, there are three types of collusion that firms must consider: 1)
collude only in country A until detected, then start colluding in country B: 2) always collude only in
country B; and 3) always collude in both countries. The expected discounted profits of a firm associated
with each type of collusion are given hy:

oA — l? M teis = R I T e

B ,;TC‘A +ﬂ_c‘B _ Q'A (fA +fB)
1—-(l—a*)s 1—4 B

1-(1-a%)s

respectively. In order to deduce II9? and II°*¥ note that I = o (ﬂ"'"d‘ -+ dﬂTI‘:'B) +
(1 o C!A) (ﬂ_c‘fl + JHC,A) and HC,AB — aﬁl [:,ﬂ_c.ﬁl + ,;.,_C,B o f.ﬁl _ fﬂ) + (]. o aﬁl) (,‘Tc.ﬁl + ﬂ_c‘B + JHC,AB)_

Next, we deduee conditions under which each tyvpe of collusion can be sustained as a subgame perfect
Nash equilibrium. Collusion in country B is always an equilibrinm because 1% > 7% always holds.
For collusion in country A until detected, then collusion in country B to be an equilibrium, it must be
the case that I = %, For collusion in both countries to be an equilibrium it must be the case that
HC.AS = ﬂ.d:A 4+ ’i'I'd‘B.

1. Only collusion in country B can be sustained as an equilibrium when I < 7% and either
=48 < 744 4 798 or which is equivalent, §79* + f4 > %ﬂ— and o' > max {&4,&4}, where a? =

e A _(1_8)xieA 4 2o A L2 B (1) [ ndeA ppd B

‘51:rd,A+;Aj_1:53_ and 4" = ( J(WH,A 115,5}_}:_(-{.44__[3 )

2. Only eollusion in country B and collusion in country A until detected, then collusion in country
B can be sustained as an equilibrium when II°* > 7% and II°4F < 7% 4 7% or, which is equivalent,
dwdA 4 fA - %ﬂ— and 4! < a? < at or x4 fA < % and &* < o, Firms prefer to collude in
A

d,A

4 Ao e B

country A when 1% = 1197, ie., when o < a* = 7
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3. Only collusion in country £ or in both countries can be sustained as an equilibrium when 11 <
784 and T15A48 = A 4 748 o which is equivalent, 794 + f4 = ‘517—:;— and a* < ot < 4. Firms
e, A
prefer to collude in both countries if 1545 = T1=8 je. when ot < a = g Ei}"; TATTE]

4. The three types of collusion can be sustained as an equ1llhr1um v.hen med = qpdd ang
[MeAB = gdA 4 748 o which is equivalent, dx%* 4 §f4 < ‘si"_& and ot < a4 or drdA 4+ fA %—
and o < min{6z4 &4}. Firms prefer to collude in 4 when et = max{H“B,H”-AB}‘, i.e., when

=B e A

IH—FTB_ <ot < —I-‘*ﬂ' Firms prefer to collude in both countries when II%*F = max {H“”‘"ﬂ_ HC‘B},

,n_c,ﬁ' [1 —& ),n_c,.-i
JEy Jrc.ﬂ ' &xeB L (1_8)(fALfB)

ie., when ot < min{ } Finally, firms prefer to collude in B when

e, B 1 &5 e A
l'I‘:E‘::-nua.:-:{l'l'-""1l H‘AB} i.e., when a#t bma.x{ — qrcﬁ_l_(j }-;;(I“‘+f5}} |

A5 Proofs of Lemma 3 and Proposition 5

Proof of Lemima 3. Asin Lemma 2 we must distinguish two possible cases: when firms are only colluding
in country A and when they are colluding in both countries. Suppose that firms are only colluding in
country A and Cf‘ = 1. If competition anthority 4 prosecutes the firms, the expected discounted welfare
of country A at period t is W/(p = 1|} =1, 4) = 524 £ 2 (7.'“=”‘ — f“"} 4+ 2f4 4+ ]—fssmﬂ,_ while if
firms are not prosecuted, it is W/ (p;' = 0l¢)! = 1,4) = S{—'Altzg';ﬂ. Since §¢™4 = §54 4 2794 it must
be the case that W7 (pi! = 1]cf' = 1, 4) > W(pi' = 0|¢* = 1, A). Thus, when firms are only colluding
in country 4, as soon as c‘f‘ = 1, competition authority A immediately prosecutes the firms.

Suppose there is eollusion in both countries and cf‘ = 1. If competition authority A decides to
prosecute the firms, then, from Lemma 1, competition authority B will detect collusion in country B as
well and, hence, firms will also be prosecuted in country B. Therefore, from period t 4+ 1 there will be
competition in both countries. Then, the expected discounted welfare of country A at period ¢ is:

W2 (p = 1]ef =1,AB) = 8" 4 2(z* — fA 4728 — f5) 4292 S“’mﬂ

If -:ompetition authority A does not prosecute the firms, then with probabilitw a¥ competition authority
B receives Cc = 1 and with probability (1 — ) it receives Cc =0.If C: = 1, then competition authority
B prosecutes the firms in period ¢ and in period t 4+ 1 with probability o' competition authority A will
receive cj; ; = 1 and with probability (1 — a”‘) it will receive ‘-'i4+1 = 0. Then, the expected discounted
welfare of country A at period ¢ is
WA (p = 0| =1,AB) = 84 2754 - 2008 _ o B2 fB

+aP5 [ WA (= 1lcf = 1.4) + (1 — o) WA (cf = 0, 4)]

+ (1—a®)sWi (p! = 0| = 1, 4B)
where W} {pf‘ =1l =1, A) and Wi (cf‘ =10, A) are given by

WPt =1} =1,4) = 854 4 2224 4 T d 55@*-*‘*,
Wit (! =0,4) = 524 L 274 L5 [0 WA (P! = 1] = 1,4) + (1 - ) W (¢! =0,4)].

37



NN GEE

Solving for W7 (pf‘ =0lct = 1, AB) we obtain:
[1-{1-a*)é+als] (55" +2m=1) B _BeB A B 52 geom, A
(1" 7d] +2(m8 — B fP) + o
[1—(1—a¥)d] '
Finally, WA (pf=1|cf =1,AB) > W{ (p! =0|cf =1,AB) if and only ASA — 274 >

[1-(1—a* }8]2(1—®) [éx=5 +(1-6) F5] -
—(T—aF)(1-a*)3] :

W (pf =0l =1,AB) =

e 5 [(ima? Jo2(1-a”)[brm P (1417

[ (I—aPJ(l—a" )31 or, which is

Proof of Proposition 5. Suppose that AS4 —2r

. a[§weB L 1—8) FE]— A_gpeA . .
equivalent, af = 2lé== (1 a)fﬁ]]_an(ﬁs Cisiad) . Then, from Lemmas 1 and 3, if firms collude in
I[dmeB H(1—8) FB]+ 1&_ — 56(.&5}‘_217&,.1)

both countries or they only collude in country B, they will be prosecuted in eountry B the first time that
cff = 1, while if they only collude in country A, they will be prosecuted the first time ¢;* = 1. Therefore,
the expected profits of a firm under collusion in country A, collusion in eountry B and eollusion in both
countries are given by:

7oA L e _anB n aﬂﬂ(xﬁl)i_g)‘fﬁ}

et — e R _ mof —af 8 aB _ 1-(1—at)d
1—(1—a*)s’ 1—(1—nP)s 1—(1-a?)s
respectively. In order to deduce II*P note that I8 = 74 4 7oF 4 of (—fB + JHC‘A} +

(1—af) (x4 a8 4 o114 F).

Next, we deduce conditions under which each type of collusion can be sustained as a subgame perfect
Nash equilibrium. For collusion in country A to be an equilibrium it must be the case that 15 > g%,
For collusion in country B to be an equilibrium it must be the case that 17 > 7?8, For collusion in
both countries to be an equilibrium it must be the case that IeAE = pdAd 4 d B Tped » qdAgp and only

i e Ay d,A . . .C,A ‘C.B (1= ‘d',)l d .8
if a?t < L}é,—");— MeAB = pdA L B if and only if of < (=24 ) C)ET ﬁ":r ) . Note that
[LC 5{13"“'4-#"-5}—6!" A _gd 1+f5
I—( 11— )&
if 14 > 744, then II1=AF > 18, Hence, when collusion in country A and collusion in both countries
can be sustained as an equilibrium, firms always prefer to collude in both countries rather than only in

—Eie B oA §( e A e B A rA
country B. Finally, [I54F = 124 if and only if of < (A=d)r™ 7 [1_[15_@4};&];5}-"“ f ] |

A.6 Proof of Proposition 6

Part 1. Suppose that the firms are owned by foreign citizens. Fix af and consider P4 =

{a? 210,1]: (a¥ a?) € RP}, ie., the set of all o for which (a” o) € RP. From Proposition 5
Part 1 (note that the roles of A and B are reversed), we know that (O:S_.Q'A) € RP implies that, in
equilibrium, firms collude in hoth countries until the first time c{“ = 1, when they are prosecuted in
country A. Thereafter, they collude in country B until the first time cf_‘._, = 1 with 7 = 1, when they
are prosecuted in country B. Thereafter, there is competition in both countries. Thus, for o € P4, the
expected discounted welfare of country A at period ¢ if cf‘ = 11s given by

]
H}'{A (C? — 1) — SE:A—I-?fA +ﬁ5mm,fl’
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while if e = 1, it is
w—tA (cf = [}) = goA +O:A5i1‘,;1 (c‘f - 1) + (1 _ Q,A) EWQA (C:y _ [}) )

At t = 0, before A selects a, the discounted expected welfare of country is given by H’D’J‘ =
W@ (e = 1) + (1 — o) W3 (¢! = 0) — C (a?). Therefore

geA + Qﬂ,AfA + clx_jgvscam,.«l

A _ A
Wit = a5 C (o?).

Note that H"G’,‘l is a C? and strictly concave function of o, while P is an interval because it is just the
intersection of linear inequalities. Let v be the unique solution to {W’OAY =0, 1.e.,

§ (SeomA — gAY 4254 (1 - 45) o
[1—(]—C¥H}5]2 —C{ﬂ'ﬂ}-

Suppose that ag € PA. Then, ay = arg max 4. pa W'DA,

Part 2. Suppose that the firms are owned by local eitizens and only operate in the domestic market.

Assume that ot < %}—Li):ﬂ, Then, firms will collude until the first time ¢ = 1, when they will be

prosecuted. Thereafter, there will be competition. Then, the expected discounted welfare of country A4
at period ¢ if cf‘ = 1 is given by

4
],I:"‘-‘:!. (C:& — 1) — SC.A +2ﬂ_c,fh + : JSW.A,

while if ¢i* = 0 it is
WA () =0) = 854 4 2704 L oW (¢! = 1) + (1 — ™) dW (¢ =0)
At t = 0, before A selects a*, the discounted expected welfare of country is given by

(Se.A 4+ 2?1—9..‘-'!.) 1 %Scom.ﬂ

Wit =
0 1—(1—a4)s

—C{r:r‘d‘} .

wot — (1—d)m

Note that 1,1:'01-1 is a C? and strictly coneave function of o, while a® < AT A is an interval. Let

ey be the unique solution to (H%A)F =10, ie.,

8 {SW:A _ SC.A _ 27.,::.«1)

1 (l—ow)d® < (am)

Suppose that ay < 2ot Then oy = arg max Wit
PP M = —FaArfs - y Qg = Arg a‘.‘{ﬂ'c:‘:—(l—é}ﬂ'dn"" o-
=T A
Part 3. Suppose that the firms are owned by local citizens and they also operate in foreign markets.
Fix a® and consider P4 = {r:vr"11 e[0,1]: [:a“",czs) = RA}, i.e., the set of all a* for which (CEA._ r:kB) € R4,

From Proposition 5 Part 1, we know that {r:r‘d‘,, r:rB} € RP implies that, in equilibrium, firms collude in

both countries until the first time c‘f = 1, when they are prosecuted in country B. Thereafter, they
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collude in country 4 until the first time c.f_'_r = 1 with 7 = 1, when they are prosecuted in country A.
Thereafter, there is competition in both countries. Thus, for a? € P4, the expected discounted welfare
of country A is given hy:

Wy = (8% + 22 4 27F) £ o (—2ff‘ + 51%’5‘) +(1- ") aw,

A
- g +2ﬂ_c,.‘\+n ﬂScam,A
where Wit = — {1_;;;‘5 . Hence:

1—dtatdals e A | oA e B BB ataBglgeom.A
WA [ —(1-at)3 ] (5% +2024) +2 (77 — P17 + i
‘ [1—(1—aF)4] '

Note that Vv’d‘l is a €2 and strictly concave function of o, while P is an interval because it is just the

intersection of linear inequalities. Let oy, be the unique solution to (H"UA)( =0, ie.,

abs? [:Scam.A _ged _ -2,”,4:..«1)
[1—(1—ar)d’[1 - (1 —aP)d]

=" (aL).

Suppose that a;, € PA. Then, a; = argmax,a . pa I’v’a‘i.
a{smm,d_sc,ﬂ)_l_szt(]_dj IE(SEDT“’A—SE'A—ZNE'A}
Part 4. Note that T a) , T a)P , an () —aB)d]
creasing in o, while € (@) is Increasing in . Moreover,

aBaQ(scom,A _geA_goed
are de-

5 (Scom.A _ Sqﬂ} +2f":" (’] _ 5} - 5 (SM?'L:A _ Sc..fl _ ??1'"=A} - '._.EBJZ (Sccrm.ﬂ _ S—:.A _ 2?1’"=A)
[1-(1-a)d [1-(1-a)d’ [1—(1—a)d’[1—(1—a¥)d]

where the last inequality holds for all af . Therefore, ag > ay > ar.
Finally, from the implicit function theorem, the derivative of ay, with respect to a” is given by:

dar, _ 82 (ASA — 274 (1 - 5)
daf (1 (1- ag) 8P [L - (1 — aB) ] O (ap,) + ILeZRBeERAST 2ner)

Since C" () = 0, we have %ﬁr =0 N

A.T Proof of Proposition 7
Let o®* be the unique solution to

AASE 128 (1-4)
[1—(1—aB~)s

— " (aB)

Assume that o ¢ PP = {Q‘B € [0,1] : (a"l,aﬂ) = R‘d‘}. Then, from Proposition 6 Part 1, o* =
ATE MAX,E - pE W'OB. Thus, o® = oP* is a dominant strategy for competition authority B.
Let a®+* be the unique solution to
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af*? (ASH — 27)
1= (1—at)8"[L - (1—aB*)d]

Assume that et € P4 = {r:nr“11 €[0,1]: (aﬂ,aﬁ”) S RA}. Then, from Proposition 6 Part 3, e =

arg max,a . pa H"ﬁ‘l, Thus, a* = a** is the best response of competition authority A to a®*. Therefore,

(aﬂ,aﬁ) = {r:r”“",aﬂ"') is the unique Nash equilibrium.

SASB27B(1-8) 0 alt T (AST 2net)
[1-(1—a)s]” [1—(1-a)d"[1—{1-a®:")d

sufficient condition for a™* = a™* is

— ' (™).

Since are decreasing in o, while C” («) is increasing in @, a

aB+6? (ASA — 2754)

SASE L afB(1 -5
=0 > —

The right hand side of this inequality is increasing in o®*. Hence, if dASF + 2fF(1-4) =
42 (ASA — 2?r°="1},, it must be the case that the inequality holds for any o. R

A8 Proofs of Propositions 8 and 9 and Corollary 2

Equilibrinm under no integration. The proof of Proposition & is identical to the proof of Proposition
5 Part 1. The only required change in notation is to add the industry superindex z € {z, y}.

Welfare under no integration. We compute expected welfare under no integration for each country.

Consider industry = under no integration. Suppose that {aI"",a"E) € R*=A. Then, in equilibrium,
firms collude in both countries until the first time cf'B = 1, when they are prosecuted in country B.
Thereatter, they collude in country A until the first time cff; =1 with 7 = 1, when they are prosecuted
in country A. Thereafter, there is competition in both countries. Then, the expected discounted welfare
of country A in industry =z is:

Wit = (5574 4 2poT A | 9ponB) | o7 B (_2 B4 Jlrif[f"d‘) + (1 —a™B) s,

where Ag
e, A e, A [ com, T, A
ﬁ,::A:S' + 2po 0T 4 R g
o 1—(1—a=%)§
Hence:

aTA g T, B g2 geom, T, A

1—d4+atdta™ B4 (SC'I’A+2‘.T'C':'A)+2(T'C'I‘E—O:I’B}-I'B} + it ——
—(ﬁ-ﬁ— N i — 1 =Ty —_

1—({1—a®~
[1-(1—a"F)d]

Wit =

The expected discounted welfare of country B in industry = is
. B B grB T8 § r.B
genB 4 9n. f: + al—é Geom.,x
1—(1—a%%)4

Wyt =

Consider industry y under no integration. Suppose that {ayﬁ,n:g"d‘} £ R¥F. Then, in equilibrium,

. A
t

firms collude in both countries until the first time ¢ = 1, when they are prosecuted in country A.
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Thereafter, they collude in country B until the first time c‘f:i =1 with 7 = 1, when they are prosecuted
in country B. Thereafter, there is competition in both countries. Then, the expected discounted welfare
of country B in industry y is:
1—d4a¥-Biiavts . B .8 .4 A ey A .8 oy, A 52 geom.y. B
Py ] (S°P 4 27oB) 49 (o — v pud) 4 R ERETT
[1—(1—avt)d '

ruB
Wi =

while the expected discounted welfare of country A in industry y is

Sr_‘:y:."l + QQ,y,Afy.A 4 c:]"';“‘ﬁsmm:g:f‘l
1-— (1 - rJ'U:A} &

Equilibrium under integration. Suppose that the competition authorities are integrated and,
therefore, they prosecute collusion as soon as it is detected.

Consider industry z. Then, the expected profits of a firm under collusion in country A, collusion in
country B and collusion in both countries are given hy:

W =

oA a:.Af_r:A -
1-(1—a"%)3 1-(1_a"B)s "’

Cnn _ e, T8 (L (1= 0 ) (1 —n8)] g
1—(1—a"*) (1 —a"B)s '

er B QLBII:S

Hc.:,A _ HL‘,I.B —
= , =

respectively. For collusion in country A to be an equilibrium, it must be the case that 1554 > g954,

For collusion in country B to be an equilibrium it must be the case that I15=5 > gd=.8 For collusion
in both countries to be an equilibrium it must he the case that [esAB » gdrAd |y pdoB [recd & pdrd

. . e, A1 d,x, A . . ; e, B __ iy d,r, B ;
if and only if a=4 < %ﬁ%— Me=8 > gd=B jf and only if a8 < %ﬂ%— [[exAB >

m=4 4 o8 if and only if

Z ?rc‘r:j _ﬂ,I,Af_r:j_ [1 _ (1 _ Q‘I‘A} J] ,‘Td,.r:j :—__:, a::B (] o aI,A) [Jﬂ,d,_r,ﬂ + f:'B _4 (Hc,_r:A o ,‘Td,_r:fl)] .
i=A.B

P I [1_‘5)(11.11,1'..1 +_r|.d,z..5}
F=A +fx,ﬂ'_§(,rd,r,ﬂ +.n-d,r,5} 1
FCT A _ {l_g_é}f:\:,ﬂ _ [1_6){,”_.1,:,.1 PR }
_Ir.\:,.'i+f:,.ﬂ'+§(ﬂ-d,=,.4+1rd,=,5) -
r,A

The left hand side of this inequality is pesitive if and only if a™* < ap =

while the right hand side is positive if and only if o™ = ap =

Moreover, note that oy < ay. Hence, the inequality holds when o™ < ap or ap < o

B Yo a1 (1A )d]ated ) , = AR oA . B
S {J‘l_};f,d}[ﬁ‘-rd,:\:,ﬂ+fI.B_d‘(nc,r,A_wd,r,A)] Finally, II%* = TI%%4 §f and only if o™F <

< X[

and o
p B gmAE o An | em A A | amA(anB) s 1)
e A eE while [T = 11 if and 01'1_1} if T(T—as)3 = EE Ry e gy g e

Summing up, suppose that (o™4, o™8) ¢ B54 = {(o®4, o) € [0,1] % [0,1] : (o®4, a=F) } satis-
fies the following conditions.
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e {1 _ 5} A

- f:.A + fad.z.A
A - rr“"‘-"‘—(l—Eﬁ}f"vs—(l—a](wd“‘-""+wd"‘lﬂ)

— frA 4 fx.B +|§{Wd,:,A +ﬁd,x,a} ar

n_a,.:,A_(J_I_E}F,B_{1_6}(Nd,x,A+Nu,x,ﬁ') A ,n_c,u:‘)t+,’T=,I‘E_{l_&}{,’rd,r,d_l_ﬂ_d,r,ﬁ}
fr AL fr,B +a‘{xd,_t,)1 +xd,_1:,ﬁ'} = fr.A +f.t,ﬂ'_§(.,1.d',r,)1 +ﬂu,r,5} @
5B o Yi-am B % _f“:'j—[l—(l—a”"‘ }é]w“"-j
= (1_a:,.1}[aﬂd,z,.s_l_f:.ﬂ_ﬁ(n:.:,ﬂ_Kd.:,.-l}] '

I:wc.r,ﬁ_u_a)wd.:.ﬂ er,B_ox A pr B

o3 T
—EEgALE < < Tiemaer | o7

QI,A

[}

< nd

o

B . wex B (|_g)pdim B pex BT Ape
[QI < min { J-TFB_E_J,’TdEr,B s TI—a=A) =8 and
RoEA_ T A pr.A - oA (1—a® B ) [§x55 B 4 (1-4) 5]

I-{1-a=4)4 [(—(1—a=8)|[1-{1-a=4 }{1—a=H)3] | *
Then, when competition authorities are integrated, firms in industry z collude in both eountries until
they are detected and prosecuted. Following exactly the same steps, but reversing the roles of A and B
and replacing = for y, we obtain that R¥5. Then, if (Q-!‘*B,, r:t1"=’]‘} £ BB and competition authorities are
integrated, firms in industry y collude in both countries until they are detected and prosecuted. This
completes the proof of Proposition 9.
Welfare under integration. We compute expected welfare under integration for each country.
Consider industry = under integration. Suppose that (a‘=“1,_ r:t"B) c R=A, Then, firms collude in
hoth countries until the first time C:‘A = 1, when they are prosecuted in both countries, or until the
first time cf‘A = 0 and c‘f:B = 1, when they are prosecuted in country B. In the later case, firms keep
colluding in country A until the first time cf:i = 1. Then, the expected discounted welfare of country A
in industry = is:

ﬁfr.ﬁl _ {Se.:.fl + Qﬁc,r,fl 9 cx, B A . B Sm'I:A
= m + 2 )+ =255 4+ Jﬁ -
+ (1 _ QI.A) a8 (_-sz.B + ﬂi;;,;-h) n (1 - a‘=”*} (1 - QLB) m;af,;-h,

where

N Sm:r..«l .
H,.—;.A — (Se..r.A + Qﬂ_C.I,A) + a:‘Aé— 5 + (1 _ r:tI‘A) JH’—;'A.
Hence,
ﬁ"I:A B gerd | gperd N Qpew B []_ _ (] _ ﬂ_'r.A:] [:1 _ Q:I*B)] Qf-r:ﬂ oA § geom, A
U T 1—(1—a=)§ I—(1—a=) (1 —a=f)s 11— (1—a=%)é&(1-4§)

The expected discounted welfare of country B in industry z is:

: Iy T o Fr. aom,x, B
_"!I=B=SC:I‘B+[1_(1_Q.A) (]__Q.B)] (2f 3+53ﬂ‘_)
] l_(l_aI:A}(l_Q:,BJJ .
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Consider industry y under integration. (Q‘y‘B, r:ty=’1) € R¥P. Then, firms collude in both countries
until the first time Cf‘ﬂ = 1, when they are prosecuted in both countries, or until the first time C?B =0
and cfﬂ = 1, when they are prosecuted in country A. In the later case, firms keep colluding in country
B until the first time cffr = 1. Then, the expected discounted welfare of country B in industry y 1s:

B _ Sew.B | 9peu.B N P . [1 —(1—a¥)(1- ﬂy,B)] 2 fud N atB§geomy B ‘
o 1—(1—a*B)s 1—(1—a**)(1—a¥F)s 1—(1—a¥F)d(1-4)

while the expected discounted welfare of country A in industry y is:

SewA 41— (1 - a%4) (1—a%5)] ( oA g s A)

Wy =
o 1—(1—a¥)(1—a*B)s

Comparison. Suppose that (Q’IA - B) € RN R5Y and (r:tyB at A} E RgB N k¥, Then,
the aggregate expected welfare of country j € {A, B} under no integration is Wy Vr’y‘j, while under
integration it is ﬁ’(f gy ﬁf’g‘j Thus, country j is better off under integration than under no integration
if and only if Wy S Wy + W” — W@? = (. Define

AWTA = A _ A = atA {5 (AgeA —2rend)  2(1— anF) [sronB 4 (1 -6) f=5] }

[—0-®) | T-(-ad  [B-(1-a ) (1- )]
o¥B (1 _ ay.fl) [5&39',14 { zfy.A]

AWHA = Wy — Wyt =
[1-(1-a®t)(1—a®F) [l — (1 -awt)s]

Then, country A is better off under integration if and only if AW + AW** = 0. Moreover, note that
(a4, a"F) € R* implies AW < 0, while it is clear that AW¥4 > 0.

Define
AW — o™ (1 - a™F) [6AS=F 4 (1 - 8) 2755]
11— (1-av4)(1—av5)d|[1 - (1-a=b)d]’
AWEE a?B {5 (As¥B —2rewB) 2 (1 - a¥h) [Fx¥A 4 (1 - 6) 4] }
T l—(1—a*Md] ] [1-(1-a*B)4 1-(1-a¥)(1-a*5) 4

Then, country B is better off under integration if and only if AW 4 AW»E = (. Mareover, note that
AW P > 0, while (a¥F a**) € R¥F implies AWYF < 0.

Finally, assume that 75%7 = 7°, 7557 = 79, AS* = AS, o®¥ = @, and f*7 = f for all z € {z,y}
and j € {A, B}. Then

a 5(AS—21%)  2(1—a)[5n* +(1—6) /]
Ti-(-a)] | I-(1-a)d [1_{1—.:1»}25]
a(1— a)[5AS + (1 — 5) 2f]
[1-(-a?s|1-(1-a)s

AW — AWE

AWEA = AW =
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Therefore:
2_a—(1 —a}zrj] ad (AS — 21°)

[1—(1—a)d? [1- (1—a}35] -

AW=A LAWY = AWSE 4 AWHE =

Hence, it is always the case that both countries are better off under autarky. This completes the proof
of Corollary 2. B
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