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Abstract

This paper analyses the impact on antitrust enforcement of commitments, a tool
introduced in Europe by the Modernization reform of 2003, and intensively used
since then by the European Commission and by National Competition Agencies.
We consider a setting where a firm can adopt a costly practice that is either pro-
or anti-competitive; the firm knows the nature of the practice and its cost whereas
the enforcer has only prior beliefs about them. If the firm adopts the practice, the
enforcer then decides whether to open a case. We compare a benchmark regime in
which the enforcer can only run a costly investigation that may or may not bring
evidence, with policy regimes in which commitments are available. We first analyze
a regime reflecting the 2003 regulation, in which the firm can offer a commitment
whenever a case is opened. We find that, in most cases, the introduction of com-
mitments does not improve enforcement performance. We then study a potential
reform of the regulation giving the enforcer the initiative to propose commitments.
We show that this regime dominates the benchmark and current regulations when-
ever enforcement is desirable.
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1 Introduction

The modernization reform of 2003 introduced new tools for enforcing European com-
petition law. Notably, companies under investigation can propose remedies to address
potential competitive concerns. If the European Commission accepts these remedies,
they become binding commitments. Consequently, the case is closed without a fine or
a finding of infringement.! Since this reform, the European Commission — and national
competition authorities, under similar rules — have increasingly relied on commitments,>
raising a debate on the opportunity of such a widespread adoption. Critics fear that this
tool may weaken deterrence and encourage companies to undertake dubious practices,
by enabling them, in case of an investigation, to avoid fines and reputational damages
— and minimize as well the scope for private damages from follow-on cases. Advocates
claim instead that this instrument may speed-up antitrust enforcement and improve legal
certainty, compared with the long, costly and uncertain process of running a full-scale

investigation exposed to judicial review.

Although commitments are nowadays a very common tool, there is surprisingly little
theoretical analysis assessing their impact on antitrust enforcement. In this paper, we
consider a setting in which a firm must decide whether to undertake a costly action. The
action generates a known profit but can be either pro- or anti-competitive. The firm
knows the cost and nature of the action, whereas the enforcer only has prior beliefs about
them. If the firm undertakes the action, the enforcer must decide whether to open a case.

In this setting, we identify three channels through which antitrust policy can affect
welfare. From an ex-ante perspective, it can discourage the adoption of the practice, either
uniformly, regardless of its nature (which we will refer to as deterrence), or selectively, by
targeting bad actions (screening). In addition, it can also improve antitrust enforcement,

once the practice has been adopted (ez-post effectiveness).

We first consider a benchmark regime in which the only instrument in the enforcer’s
toolbox is an in-depth investigation. Running an investigation is costly (for both the
enforcer and the firm) but, when the action is anti-competitive, the enforcer obtains
evidence of infringement with positive probability, in which case it stops the practice
and imposes a fine. We show that, in equilibrium, the enforcer runs an investigation with
certainty when it has very pessimistic priors, and with positive but decreasing probability

when its beliefs become less pessimistic. Thus, enforcement is costly (the enforcer and

LArt. 9.1 of Regulation 1/2003 states: “Where the Commission intends to adopt a decision requiring
that an infringement be brought to an end and the undertakings concerned offer commitments to meet
the concerns expressed to them by the Commission in its preliminary assessment, the Commission may
by decision make those commitments binding on the undertakings. Such a decision may be adopted for
a specified period and shall conclude that there are no longer grounds for action by the Commission.”

2 According to Mariniello (2014), in the period 2004-2013 out of 47 decisions of the European Com-
mission on Article 102 cases, 27 of them where closed with commitments. Japan has introduced a similar
commitment procedure in 2018. See also Gautier and Petit (2018), p.213-6.



the firm face investigation costs, and the firm moreover faces pecuniary sanctions), but
it delivers deterrence and screening, although to a lesser extent as priors become less

pessimistic.

We then introduce (scalable) commitments that reduce the impact of the practice on
welfare as well as on the firm’s profit, and consider two alternative policy regimes. The
first one corresponds to the procedure established by art. 9.1 of Regulation 1/2003, which
gives the firm the initiative in offering and designing any commitment. Consequently,
the firm either offers no commitment, or it offers the minimal commitment that the
enforcer is willing to accept rather than running an investigation. Three equilibria may
arise. In particular, there always exists an equilibrium in which the firm never offers any
commitment; the outcome is therefore the same as when commitments are not available.
More interestingly, for sufficiently pessimistic priors there also exists a semi-separating
equilibrium in which the firm offers a commitment (with some probability) when the
action is harmful, whereas the enforcer accepts the commitment whenever offered and
otherwise runs an investigation with a probability lower than 1. We show that, whenever
this equilibrium is selected, the introduction of commitments undermines enforcement by
reducing both deterrence and screening. Finally, for less pessimistic priors, there exists a
pooling equilibrium in which, regardless of the type of action, the firm offers the minimal
commitment that the enforcer is willing to accept. By construction, this equilibrium
entails no screening whatsoever (as both types obtain the same payoff and thus undertake
the action with the same probability). Moreover, the enforcer’s indifference between
accepting the commitment and running an investigation implies that the two regimes
are equally cost-effective. Hence, commitments may be socially desirable only if they
substantially improve deterrence. Building on these observations, we provide conditions

under which enforcement is again undermined compared to the benchmark regime.

The second regime corresponds to a possible reform of the regulation, giving the en-
forcer the initiative in offering and designing any commitment. Consequently, the enforcer
either offers no commitment, or it offers the maximal commitment that a firm is willing
to accept to avoid an investigation. We find that there exists an essentially unique equi-
librium, the nature of which depends on the enforcer’s beliefs. For pessimistic beliefs,
a separating equilibrium arises, in which the enforcer offers a high commitment that is
accepted if the action is anti-competitive and otherwise rejected, prompting an investi-
gation. Compared with the benchmark regime, this equilibrium performs equally well in
terms of deterrence and screening, but is more effective ex-post, as it replaces costly inves-
tigations with the maximal acceptable commitment when the action is anti-competitive.
For optimistic beliefs, a pooling equilibrium instead arises, in which the enforcer offers
a lower commitment that is always accepted. As a result, the enforcer obtains some

deterrence, when the other regulations would generate no enforcement whatsoever. For



intermediate beliefs, the enforcer randomizes between high and low commitments, in such
a way that there is more deterrence and screening as well as improved ex-post effective-
ness than in the other regimes. In other words, the reformed regulation weakly dominates
the benchmark regime and the current regulation in all three enforcement dimensions,

and always performs strictly better in at least one dimension.

Related literature. To the best of our knowledge, only two papers have formally studied the
impact of commitments on antitrust enforcement. Choné et al. (2014) consider a binary
setting that restricts attention to all or nothing commitments, in which the enforcer can
decide whether to allow commitments when a case is opened; doing so allows a faster
termination of the infringement but weakens deterrence, as the firm avoids paying any
fine. They characterize the solution to this trade-off when the enforcer can announce
ex-ante its policy, so as to influence firm behavior, and show that this optimal policy may
not be credible if the agency can deviate ex post from the announced policy. Gautier and
Petit (2018) focus on ex-post enforcement, in a setting in which the enforcer can credibly
choose between arbitrary levels of commitments and full-fledged investigations. They
show that commitments can be used to discriminate firms according to the social harm
of their practices. They also note that this use of commitments can weaken deterrence.

We contribute to this literature by studying the implications of a change of policy
regime, reflecting the modernization of the European proceedings, that allow firms to
offer commitments, if they wish so, whenever a case is opened. Compared with the
binary setting considered by Choné et al., giving the firm the choice of arbitrary levels
of commitments tends to limit the enforcer’s ability to discriminate different types of
practices and further undermines deterrence.® As a result, introducing commitments may
not be desirable.* Moreover, we consider a possible reform giving the enforcer the initiative
to propose commitments, and find that it would significantly improve enforcement.

The paper is organized as follows. Section 2 presents the model, and section 3 con-
siders the benchmark case without commitments. Section 4 analyses the case where
commitments are introduced, whereas Section 5 studies the proposed reformed regula-

tion. Conclusions follow. All the proofs are in the Appendix.

3 Another difference is that, in Choné et al., the enforcer can always choose (either ex-ante, or ex-post)
to rule out commitments; by contrast, we consider their availability to be determined (ex-ante) by the
policy regime.

4For informal policy discussions, see, e.g., Wils (2006,2008) and Mariniello (2014). The issues raised by
commitments are also related to the literature on settlements, initiated by Shavell (1982) with a focus on
litigation costs, and further developed by Bebchuk (1984) and Reinganum and Wilde (1986) by accounting
for asymmetric information, and by Polinsky and Rubinfeld (1988) by studying the implications for ex-
ante deterrence — for a comprehensive survey, see, e.g., Daughety and Reinganum (2011).



2 The model

We present here the setting, which captures the key relevant ingredients of the antitrust
enforcer’s problem according to the current regulation on commitments. The enforcer
has limited evidence about a potential case, and must decide whether to open it. If it
does so, then after a preliminary phase, the enforcer may close the case or proceed with
an investigation, which is costly but may bring decisive evidence. Alternatively, the firm
may offer a commitment; if accepted by the enforcer, it becomes compulsory and the case

is closed with no sanctions nor guilty verdict.

Players, information and outcomes. The enforcer implements the antitrust pol-
icy and the firm can undertake an action (business practice) that has uncertain private
and social impacts. Specifically, the action yields gross profits normalized to 1 and costs
¢, which is distributed according to a c.d.f. F(c) over [0, 1], with atomless density f(c)
and decreasing hazard rate h(-) = f(-)/F(-). With probability A € (0,1), the action is
good (6 = @), in which case welfare increases by Wi = W > 0. Otherwise, the action is
bad (# = B) and produces a social loss Wz = —L < 0.° The welfare impact of the action,
Wy, is independent of the private cost c¢.® The firm observes the action type, # € ©, and
its cost, ¢, whereas the enforcer only knows their ex-ante probability distributions, A and
F(-). In what follows, the type 6 will refer interchangeably to the action or the firm

undertaking it.

Policy tools and actions. If the firm undertakes the action, the enforcer decides
whether to open a case. If it does so, the firm chooses which commitment C' € [0, 1]
to offer. The enforcer then decides whether to accept the offered commitment or open
an investigation.” We adopt the convention that offering C' = 0 means "offering no
commitment" and accepting C' = 0 means "closing the case". We moreover interpret the
current regulation as requiring the enforcer to accept positive commitments whenever the
resulting expected welfare matches that of the best alternative. That is, we do not allow
the regulator to randomize over its decision when indifferent between accepting or not a

positive commitment.®

Payoffs. If a commitment C'is accepted, the case is closed with no sanction nor guilty

verdict; profit and welfare are cut proportionally and in the same manner: the profit of

®An alternative interpretation refers to a population of firms with heterogeneous costs and actions
that may have a positive or negative impact on social welfare. F(c) and A then refer to the distribution
of types.

60nce it has been sunk in stage 0, the cost ¢ reduces profit and welfare but has no incidence on
subsequent decisions; in what follows, we will thus concentrate on the expressions of profit and welfare
that are gross of the cost c.

" Allowing the enforcer to reject the commitment and close the case would not affect the analysis.

8 Allowing for such randomization could generate additional semi-separating equilibria, which however
are Pareto-dominated from the firm’ standpoint; it could also generate additional pooling equilibria,
which cannot be Pareto-ranked without introducing additional structure on payoff functions.



the firm is reduced to 1 — C' and the welfare impact becomes (1 — C) Wj. Running an
investigation costs instead k& > 0, with sk to the firm and (1 — s) & to the enforcer (where
s € [0,1]), but enables the enforcer to obtain hard evidence with probability p when the
action is bad (i.e., # = B). Obtaining hard evidence enables the enforcer to ban the

practice and impose a sanction S. Otherwise, the enforcer must close the case.’

Remark (discounting). We do not explicitly consider the time dimension of the en-
forcement process. Profit and welfare can be interpreted as discounted values of the
corresponding streams. The sanction S, which in practice occurs at a later stage of the

process, can be interpreted as the pecuniary fine net of the profits gained in the meantime.
Timing. The timing of the game is as follows:

Stage 0: Nature draws the type 6 € {G, B} and the cost ¢ € [0, 1], which are privately
observed by the firm; the firm then decides whether to undertake the action. If the

firm does not undertake the action, the game is over.

Stage 1: If an action is undertaken, the enforcer decides whether to open a case. If it

does not, the game is over; otherwise, the firm then offers a commitment C' € [0, 1].

Stage 2: Having observed the offered commitment, the enforcer chooses between accept-

ing it (A) or proceeding to an investigation (I).

Equilibrium. This setting corresponds to a signalling game between an informed
player (the firm) and an uninformed player (the enforcer), in which the informed player
moves first. We will look for the Perfect Bayesian FEquilibria of this game. If multiple
equilibria are Pareto ordered from the point of view of the two types of firm, we will

select the Pareto dominant one.
Throughout the paper we adopt the following assumptions:

Assumption 1: S < (1 —sk—p)/p.
This assumption ensures that the firm would always undertake the action (even when

bad) if it were costless.

Assumption 2: k£ < pL.
This assumption states that running an investigation is socially desirable when the
practice is bad; there is therefore room for enforcement when the practice is expected to

be sufficiently harmful.

9The enforcer may thus commit a type-II error (acquitting a firm despite a bad action), but no type-I
error (convicting a firm for a good action).



Assumption 3: £ > W.
This assumption states that running an investigation is so costly that expected welfare

is then always negative.'’

3 Benchmark: No commitments

We start by studying antitrust enforcement in the absence of commitments. In this case,

the last two stages of the above timing boil down to:

Stage 1 (no commitments): If an action is undertaken, the enforcer then chooses
whether to proceed to an investigation or not; for expositional purposes, we in-

terpret the latter as closing the case.

Let Cy denote the cost of being investigated for type # € ©. This corresponds to the
cost sk of standing up in a case and, for the bad type, also includes the expected lost
profit and fine:

Co=sk<Cg=sk+p(1+89)<1,

where the inequality stems from Assumption 1.

If the firm expects the enforcer to open an investigation with probability + € [0, 1],
then undertaking the action gives type 6 € © an expected profit equal to 1 — tCy. Type
0 therefore undertakes the action with probability

Pg(b) = F(l — LC_’Q)7 (1)

where Pg(t) > Pg(t), with strict inequality when ¢ > 0, as investigations are more costly
for the bad type.
At the beginning of stage 1, upon observing that an action has indeed been under-

taken, the enforcer updates its beliefs to:

)\PG(L)
NPe(1) + (1 — V) Pg(0)

A= A5\, 0) >\, (2)

with strict inequality if ¢+ > 0. The posterior A{(\,¢) increases with \; furthermore, as
investigations are more costly for bad types, it also increases with ¢.!!

If the enforcer closes the case (superscript “c”), expected welfare is then equal to:

WeM) =MW =1 =X)L=W+L) (M =X, (3)

10T his assumption rules out equilibria in which the enforcer would accept low commitments and reject
higher ones. See Online appendix A.
11Gee the proof of Proposition 1 for a formal derivation.



with
L

W+ L

If instead the enforcer runs an investigation (superscript “i”) expected welfare is

2=

€ (0,1). (4)

W' (A1) = MW = (1= X)L = p)L — k= W(\) + pL(A" = M), (5)

with

; k
(&) = 1 _ &

where the inequalities A > 0 and A\® < A stem, respectively, from Assumptions 2 and
3.12 Tt follows that the enforcer prefers to investigate for Ay < A“, and to close the case
for Ay > A\

Three relevant cases can therefore be distinguished for the equilibrium enforcement
policy. If A > A% then from (2), A\; > XA > A“, and so the enforcer always closes the
case; anticipating this, the firm always undertakes the action, regardless of its type of
action.'” It follows that A\; = \. Likewise, in the boundary case A = \“, investigating
with positive probability would yield \; > A\ = A, a contradiction; hence, the enforcer
must still close the case, and A} = \ = \“.

Consider next the case where A < AV, where \V ¢ (0, )\Ci) is the unique solution to
AN 1) = 2 (6)

We then have A\; = XS (A, ¢) < XS (A, 1) < A%, implying that the enforcer investigates with
probability 1. Likewise, in the boundary case A = A", investigating with probability less
than 1 would yield A\; < A (A, 1) = A, a contradiction; hence, the enforcer must still
investigate with probability 1, and A\; = X¢ (), 1) = A%,

Finally, for A € (A", ), the enforcer must randomize: if it were to investigate with
probability 1, its revised belief A; = XS (A, 1) > AS(AY, 1) = A would be too optimistic
to warrant intervention; if instead it were to close the case with probability 1, \; =
A (A,0) = A < A% would be too pessimistic and trigger intervention. The equilibrium
probability of investigation must therefore induce the enforcer to be indifferent between

investigating or not: ¢ =7 (\), the unique solution to
A (A1) = A7 (7)

Building on this yields:

12X\ <\ amounts to pLW < k(W + L), which holds under Assumption 3.
13 As the cost c is distributed with atomless density over [0, 1], the decision of the firm in the particular
case where ¢ = 1 does not materially affect the analysis.



Proposition 1 (no commitments) In the benchmark case when commitments are not
allowed, there exists a unique equilibrium, Ey, in which the enforcer opens an investigation

with probability:

1 if A€ (0, V]
M) =4 TN e0,1) ifae (W) (8)
0 if A€ [\, 1)

where T(N) decreases continuously from 1 for X = XV to 0 for A\ = X*. As a result, type

0 obtains an expected payoff equal to

Y\ =1 NNy

Proof. See Appendix A. =

Hence, the enforcer intervenes less often as it becomes more optimistic; this, in turn,
encourages both types of firm to undertake the action. In particular, there is maximal
enforcement (and, thus, minimal participation) if A < A", and no enforcement (and full

participation) if A > \“,

Corollary 1 (participation — no commitments) The firm undertakes an action of
type 0 with probability PN (\) = F(IIY(\)), which is continuous in X\ and equal to F(1)
for A > X\, For A\ < A, participation is strictly increasing in A and higher for the good
action: PY(\) > PY()\). Expected participation, given by

PY(A\) = AP (M) + (1= NP5 (V). (9)

is thus also strictly increasing in \ for A € (O, /\Ci).
Proof. See Appendix B. =

Enforcement has a deterrence effect, as it reduces the participation of both types of
firm (e.g., through the litigation costs sk). It has also a screening effect, as bad types are
further discouraged through the expected sanction and lost profit p(1 + S). Both effects
increase with the probability of investigation, which in turn depends on the enforcer’s
prior beliefs. As a result, it is maximal for A < A", where the enforcer investigates for
sure, decreases in A in the range ()\N , A, and vanishes for A > A“, where the enforcer
stops investigating.

In equilibrium, expected welfare is given by:

APY (N) [W = N (N)k]
Wr(A) =< —(1=XNPF ) [(1=NNp) L+ N(NE] i X e (0,07),
AW — (1= MN)L if Ae[X1).



The following corollary provides a useful expression of expected welfare for A € (0, A).

Corollary 2 (expected welfare — no commitment) For A\ € (0,\”), expected wel-

fare can be expressed as
Wi () = PY W (V) (10)

where

MES e (A if Ae (0,AY),

X if Ae AV, x7). )

M) = AN () = {
Furthermore, Wy () is continuous in A, increasing in A for A < MV and decreasing in A
for A > AV,

Proof. See Appendix C. m

As welfare is normalized to zero when the action is not undertaken, expected welfare
can be expressed as the probability of observing an action, measured by the participation
PN ()), multiplied by the resulting expected welfare, given the posterior belief A\ (\).
From Proposition 1, for A < A* the enforcer either investigates for sure (if A < A\V), or
is indifferent between investigating or not (if A € (A, A)). In both cases, the resulting
expected welfare is given by Wi (AN ())).

Corollary 2 points out that, in the range A € ()\N , )\Ci), expected welfare decreases as
the enforcer becomes more optimistic. In this range, the enforcer is too optimistic for
investigating with certainty, and too pessimistic for not intervening. It follows that, as the
enforcer becomes more optimistic, in equilibrium not only the probability of investigation
M ()\) decreases, implying that participation increases, but the enforcer’s revised belief
is maintained to A (to ensure indifference between investigating or not), implying that

each undertaken action generates an expected welfare equal to W (\“) < 0.

Remark: too much or little enforcement? As just noted, enforcement deters good
actions, as well as bad ones, from being undertaken. Depending on which force prevails,
the level of enforcement may be excessive or insufficient. To see this, suppose that the
enforcer can commit to a given investigation rate ¢ before the firm chooses whether to
undertake the action. Given the firm’s response, expected welfare becomes, as a function

of ¢,
W () =APg (1) (W — k) — (1= X) Pg(¢) [(1 —tp)L + ik].

So its derivative is given by:

W (1) = APL() (W —uk)— (1= X) Py () [(1—p) L+ K]
+(1 =X Pg(¢)(pL — k) — AP (0) k.

10



When A € (A", %), the equilibrium probability ¢ = 7()) is such that the posterior (), ¢)
coincides with A%, which in turn implies that the terms in the second line cancel out.
Using P)(1) = —Cyf(1—1Cy), it follows that slightly intensifying the enforcement activity

(i.e., increasing ¢ slightly above 7(\)) would increase expected welfare whenever:

1- A " Cof(l—iCo) W —ik

A Cp f(1 —1CB) L — 1 (pL — k)

When instead this condition is not satisfied, there is over-enforcement: expected welfare
would increase if the enforcer could commit itself to slightly reduce the frequency of

investigations.

4 Commitments

We now revert to the current regulation setting, where commitments are available and

are proposed by the firm, moving from stage 2 backwards.

4.1 The enforcer’s response

Suppose that the firm undertook the action in stage 0 and offered C' € [0,1] in stage
1, and let \y(C) denote the enforcer’s revised belief at the beginning of stage 2. In
the continuation subgame the enforcer must either accept the commitment or launch an

investigation. In case of acceptance, expected welfare is given by:
Wa()\g, C) = (1 - C)Wc ()\2) .

If instead the enforcer investigates, expected welfare is given by (5), with the caveat that
it must be evaluated with the posterior \s. Let

MO =X (12)

denote the value of the revised belief Ay for which the enforcer is indifferent between
accepting C' or not (i.e., W(A(C),C) = W(A(C))). Note that A(C) decreases from \“
to 0 as C increases from 0 to pA“.

The following Lemma characterizes the enforcer’s optimal response to the offered

commitment.

Lemma 1 (enforcer’s response) In stage 2, for any offered commitment C' and asso-
ciated revised belief Ao(C):

o the enforcer accepts any C > C' = pA“ regardless of A (C);

11



e the enforcer accepts C € (0,C) if A(C) > A(C), and rejects it otherwise;

o the enforcer accepts C = 0 if \o(C) > A\, rejects it if \o(C) < A\, and is indifferent
between the two if Ay(C) = A“.

Proof. See Appendix D. m

It follows from Lemma 1 that the enforcer accepts the offered commitment C' whenever
its revised belief A\o(C') is sufficiently optimistic, namely, higher than A (C'). In particular,
the enforcer always accepts C' whenever it induces a revised belief exceeding A, implying
that it would rather close the case than investigate.!* If instead the enforcer is more
pessimistic (namely, \o(C) < A“), then it would rather investigate than close the case,
and both options moreover generate a negative expected welfare. It is therefore willing to
accept the offered commitment only if it is high enough, namely, not lower than C' (A5(C)),

where

_ AT — Ny
C (M) =21 Ng) = pre—2
Ch)=A"(A)=p X — N,

decreases from C to 0 as A\, varies from 0 to A\*. The minimal acceptable commitment
for a given belief )\, is therefore C()\g) if Ay € [0, A\”) and 0 otherwise, as illustrated by

Figure 1.

/ Accept commitment

Investigate

Figure 1.

14Recall that the latter option always yields a negative expected welfare, whereas the former one yields
a positive welfare if the enforcer’s belief exceeds A\°. Thus, for A2 € (A”, X“), we have (1 — C)W¢(A2) >
We(A2) > Wi(A2); and for Ay > A°, we have (1 — C)W¢(\2) > 0 > Wi(\y).

12



Remark: on the efficiency of commitments. In a complete information environment,
commitments would be an efficient way of dealing with bad actions. Indeed, when the
action is known to be bad (i.e., A = 0), the minimal commitment that the enforcer is
willing to accept is equal to (é :) C (0) = p — k/L, which is lower than the maximal
commitment that the firm is willing to offer, Cz = p+ sk + pS; there is therefore room for
a mutually beneficial agreement. As we will see, asymmetric information substantially

limits the efficiency of commitments.

Remark: minimal equilibrium payoffs. By construction, each type @ can secure 1 — Cy
by offering Cy (regardless of whether it is accepted or rejected). In addition, both types
can secure 1 — C by offering C' — which the enforcer always accepts, regardless of its
beliefs. Hence, in equilibrium, B obtains at least 1 —C(> 1 —Cp) and G obtains at least
1 — min{C, Cg}.

4.2 Pareto efficient equilibria

We now turn to the first two stages of the game. If in stage 0 the firm undertakes the
action § = G, B with probability Fj, then at the beginning of stage 1, upon observing

that an action has been undertaken, the enforcer updates its beliefs to :

B AP
T APa+ (1= MNPy

A (13)
Let denote by Cy the set of commitments offered by type 6 = G, B, and by vy(C) the
probability of offering any given C' € Cy. Upon observing C' € C = Cs U Cp, the enforcer

revises further its beliefs to:

_ Avg (C)
M(C) = M (C) + (1= A)vs (C)

(14)

We first note that, as in the absence of commitments (see Proposition 1), there is
scope for enforcement if and only if A < \“. Specifically, letting IIy denote type 6’s

equilibrium profit when commitments are available, we have:

Proposition 2 (scope for enforcement) (i) If\ > A\, then there is a unique Pareto
efficient equilibrium outcome, in which the firm offers no commitment (i.e., C =0)
and the enforcer closes the case (i.e., accepts C = 0); as a result, the firm obtains

its maximal payoff: llg = 1lg = 1.

13



(i4) If instead X < X, then any equilibrium is such that, with positive probability the
enforcer investigates or accepts a positive commitment; as a result, the firm does

not obtain its maximal payoff, all the more so if the action is bad: Ilg < 1l < 1.
Proof. See Appendix E. m

In what follows we focus on the case where there is room for enforcement, that is,

A < X%, The following lemma restricts the set of candidate equilibria.

Lemma 2 (candidate equilibria) If A < \“, then in equilibrium either Cq = Cp or
Cqo C Cp.

Proof. See Appendix F =

Lemma 2 rules out the possibility that G reveals itself at stage 1 — in particular, it
rules out fully separating equilibria. The intuition is that, by revealing itself, G would
induce the enforcer to accept its offered commitment. This, in turn, implies that the
offered commitment must be low (namely, lower than Cg, as G can secure a payoff of
1 — Cg by offering C;), which in turn gives B an incentive to mimic G. We are thus left
with pooling equilibria, in which the two types use the same support, and semi-separating

equilibria in which G’s support is strictly included in B’s.'”

4.2.1 Semi-separating equilibria

We first consider the semi-separating equilibria in which, in stage 1, the two types of firm
may offer different commitments (i.e., C¢ # Cp); from Lemma 2, it follows that, with
positive probability B reveals itself at stage 1 (i.e., C¢ C Cp). Furthermore, conditional
on doing so, the best strategy for B is to offer C.' Hence, we can restrict attention
to semi-separating equilibria in which Cg \ Cq = {C’} Note that, by construction, B’s
expected payoff is therefore equal to 1 — C.

If in equilibrium the enforcer were offered another positive commitment C', then the
policy rule would require the enforcer to investigate or to accept C' with probability one;
hence, B could not be indifferent between offering C' and C, a contradiction. It follows
that Cg = {0}; that is, the good type offers no commitment, whereas the bad type
randomizes between offering C or no commitment. Furthermore, to leave B indifferent

between offering ¢ and no commitment, the latter option must induce the enforcer to

15Pooling and semi-separating equilibria usually refer to equilibria in which Cg N Cp is a singleton; as
we will see, the Pareto-efficient equilibria do have this property.

16Recall that B can secure 1 —C' by offering C, which the enforcer always accepts; conversely, C (= C’)
is the minimal commitment that the enforcer is willing to accept when B reveals itself.
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investigate with probability (where the superscript S refers to semi-separating equilibria)

5= O
Cp

L

As both types offer no commitment with positive probability, the equilibrium expected
payoffs are ITy = 1 — 15Cy. It follows that, in stage 0, the firm is less likely to undertake

the action when it is bad; specifically, the participation rates are given by:
Py =P (), (15)

where Pp(-) is defined by (1), and Cg > C implies Py < P3.

Finally, to induce the enforcer to randomize between closing the case and opening an
investigation, offering no commitment must induce a posterior A3(0) = A%, where, using
(13), (14) and v5(0) = 1:

DS

A2(0) = /\P(‘;g + (1 — )\)PgVB(O)’

where the right-hand side is decreasing in v5(0). It is therefore minimal for v5(0) = 1,
where it coincides with A{(),:%), which increases from 0 to 1 with A\. The equilibrium
condition A2(0) = A“ thus imposes an upper bound on the prior A, which we will denote
by A% and is such that:

AN 05) = 2 (16)
which amounts to: ,
P

o= :
NTPS + (1- A7) F3

(< A%). (17)

The following proposition shows that, conversely, as long as A < \° there exists a
semi-separating equilibrium €2 (where C' stands for current regulation and S for semi-

separation), which is, moreover, unique:

Proposition 3 (semi-separating equilibrium) If\ € [\%) \%), there is no semi-separating
equilibrium. If instead X < \°, there exists a unique semi-separating equilibrium, &S, in
which:

o G offers no commitment (i.e., C = 0), whereas B randomizes between offering C

and no commitment, in such a way that \y(0) = \“;

e the enforcer accepts C' and, when offered no commitment, investigates with proba-
bility 1 = C/Cp.
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In this equilibrium, for any A < X°, the expected payoffs of the firm are given by
15,=1-CCq/Cp >3 =1-C>0.
Proof. See Appendix G. m

The following corollary characterizes the expected welfare generated by the semi-

separating equilibrium:

Corollary 3 (expected welfare — semi-separating equilibrium) If\ < N, the unique
semi-separating equilibrium yields participation rates given by (15) and an expected wel-
fare given by:

We () = PP (AT (), (18)
where APS
P5(X)

respectively denote the expected participation and the enforcer’s interim belief, upon ob-

PS5\ = APS + (1 = NP5 and \{(\) = € (0,\7) (19)

serving that the action has been undertaken.
Proof. See Appendix H. =

As before, expected welfare can be expressed as the probability of observing an action,
measured here by the participation P°()), multiplied by the resulting expected welfare,
given the interim belief )\f()\). From Proposition 3, in the semi-separating equilibrium
either B reveals itself and offers ¢ , or both types offer no commitment, in such a way
that the enforcer is always indifferent between investigating or not. Hence, the resulting

expected welfare is given by W(.).

4.2.2 Pooling equilibria

We now turn to the equilibria in which, in stage 1, both types of firm offer the same
commitments (i.e., Co = Cp). We first note that, if the enforcer is sufficiently optimistic,
namely, for A > \°, the equilibrium Ey characterized by Proposition 1 survives when
commitments become available. To see why, recall first that, as A increases to A°, the
semi-separating equilibrium &2 from the previous section is such that B is indifferent
between offering C or no commitment, and chooses the latter with a probability, vz (0),
that induces a posterior equal to A. B’s indifference, is in turn ensured by the enforcer
investigating with probability ¢° = C /Cz when no commitment is offered. As \ tends
to A%, the probability vz (0) tends to 1 and the equilibrium thus converges towards a
pooling equilibrium where both types offer no commitment and the interim and posterior
beliefs coincide: Ay(0) = A ()\S) = ). Tt follows that /5 = i(\%), where i(-) is the
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enforcer’s probability of investigation in the £y equilibrium with no commitments, which
is precisely designed to induce an interim belief \; equal to A” (cf. (7)). Conversely, offer-
ing no commitment, together with the enforcer’s investigating with probability Z()\S ) and
the participation rates given by (15), constitutes an equilibrium when commitments are
available, as B is then indifferent between deviating, by offering the minimal acceptable
commitment C, or not (because 7(A) = %), and G strictly prefers to offer no commit-
ment; furthermore, any other deviation can be deterred by interpreting it as signalling
a bad type. In other words, for A = A%, Ey remains an equilibrium (with appropriately
expanded strategies) when commitments become available; as «'¥ (\) = 7(\) is decreasing
in \, &y remains an equilibrium for A > \*, where deviations become even less attractive.

However, there also exists another pooling equilibrium £F (with P for pooling), in
which the firm offers the minimal acceptable commitment C'(A) and thus obtains 1 —
C()\). This equilibrium exists as long as G (which has less to lose from an investigation)
is not tempted to deviate and offer no commitment (or an unacceptable one) and be
investigated; this is the case as long as C(\) < Cg, or A > A\(Cg), where A(+) is given by
(12).

The next proposition shows that the two pooling equilibria just described are the only

possible Pareto-efficient ones:

Proposition 4 (Pareto efficient pooling equilibrium)

(i) If X € [\°, X, the equilibrium Ey arising in the absence of commitment constitutes

a pooling equilibrium.'”

(it) If X € [A(Cg), ™) there is also a continuum of pooling equilibria in which the firm
offers a commitment C € [Q()\),min{é, Cg}], which is accepted; among them, the
Pareto-efficient equilibrium is EL, in which the firm offers the minimum acceptable
commitment C(\) and obtains I (\) =1 — C(\).

Proof. See Appendix . =

By construction, the equilibrium £y yields an expected welfare equal to Wy (), char-
acterized by Corollary 2. The following corollary characterizes instead the expected

welfare generated by the second pooling equilibrium & :

Corollary 4 (expected welfare — pooling equilibrium) The pooling equilibrium EL

yields an expected welfare given by:

We(h) = PPNW(N),

1TWe slightly abuse notation here: the equilibrium strategies are indeed the same as in the absence of
commitments, but they now survive a richer set of potential deviations.
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where

denotes the equilibrium participation.

Proof. See Appendix J. =

The expected welfare can thus again be expressed as the probability of observing the
action, multiplied by the expected welfare generated by an investigation. Furthermore, as
both types of firm obtain the same profit in this pooling equilibrium, there is no updating

and the expected welfare from an investigation is thus evaluated at the prior .

4.3 Comparison of policy regimes

We now assess the performance of the current regulation (C'), compared with the bench-
mark setting where commitments are not available (N). To this aim, we focus on the
Pareto-efficient equilibria among the new ones, namely, the semi-separating equilibrium
&S and the pooling equilibrium £f. We further restrict attention to the case where there
is indeed scope for enforcement in both regimes (i.e., A < A%).

The expected welfare generated by policy regime 7 = N, C' can be expressed as
Wr(A) = P (MW (AT(A),

where P.()\) denotes total participation, A\]()\) denotes the enforcer’s interim belief, and
W/ (-) denotes the expected welfare, conditional on the enforcer’s interim belief. This
formulation enables us to distinguish three channels through which the regulation may
potential improve enforcement: ex-ante it affects the decision of the two types to under-
take the action and it may reduce the participation P.()) (deterrence) and increase the
interim belief A\J(\) by treating bad actions more harshly (screening); moreover, it may

improve the expected welfare W (A1), given the interim beliefs (ez-post effectiveness).
The following proposition shows that commitments are never desirable if they give

rise to the semi-separating equilibrium.

Proposition 5 (semi-separating equilibrium vs. benchmark) In the relevant range

A € (0, %) in which the semi-separating equilibrium ES exists, W3 (A) < Wy ()).

Proof. See Appendix K. m

In the benchmark regime, the expected welfare is given by Wiy (A) = PN (A) W (A (N)).
When commitments give rise to the semi-separating equilibrium, it is instead equal to
W2 (\) = PS (\) W? ()\f (A)). In addition, in both regimes, participation rates are based
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on the probability of investigation: in the benchmark regime, both types face the same
probability, ¢V (\); under the current regulation, G faces the probability :* and B is indif-
ferent between facing that probability or offering the commitment C'. Furthermore, the
benchmark regime yields a higher probability: ¢V (A) > ¢¥ in the relevant range \ < A5
This is because, when commitments are available, B can secure a profit 1 — C (> 1-C B)
by offering C ; this option limits in turn, the enforcer’s probability of investigation when
instead B offers no commitment. It follows that the benchmark regime performs better
in terms of both deterrence (PV (\) < P%()\)) and screening (AY (A\) > A7 ())). Finally,
as the firm has the initiative when designing the commitments, it appropriates all the
benefits of enforcement cost savings whenever a commitment is indeed implemented; as
a result, given the enforcer’s interim belief \;, expected welfare is in both cases equal to

W?(\;1). Hence, the current regulation fails to improve ex-post effectiveness.

We now turn to the case where commitments give rise to the pooling equilibrium &£f.
The next proposition identifies a number of situations in which the benchmark regime

yields a higher expected welfare:

Proposition 6 (pooling equilibrium vs. benchmark) There exists h > 0, h > h
and X < X\ such that, in the relevant range \ € [A(ég), )\Ci) in which the pooling equi-
librium EL exists, WE (A) < Wy (\) whenever:

(i) A< AN

(ii) A> AV and h (1 —C(AY)) < h;
(43i) A > X and h (1) < h.
Proof. See Appendix .. m

When commitments give rise to the pooling equilibrium, the enforcer accepts the
commitment C'(\) and expected welfare is given by WE (\) = P (\) W ())).

By construction, the equilibrium £f features no screening, as it gives the same payoff
to both types and thus induces the same rate of participation: PE (\) = PL(\) =
F(1—-C()), leading to Ay = A. By contrast, the benchmark regime always features
some screening (although to a lesser extent as the enforcer becomes more optimistic).

Furthermore, the two regimes perform again equally in terms of ex-post effectiveness:
as the firm offers the minimum acceptable commitment that leaves the enforcer indifferent
between accepting it or investigating, expected welfare, for given interim beliefs, is the
same in the two regimes: W(\;).

It follows that commitments can be desirable only if they enhance deterrence, and

do so to an extent large enough to compensate the loss of screening. To study this, we
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must compare the participation in the benchmark regime, PV (\) = AF(1 — /M (\)Cq) +
(1 = N)F(1 —N(\)Cp), with that under the current regulation, P¥ (\) = F (1 — C()\)).
Recall that the pooling equilibrium exists for A > A\(Cg), which amounts to C()\) < Cg.

For A < AV, in the benchmark regime the enforcer investigates with probability 1,
implying that both types would prefer to offer C'(\). It follows that commitments cannot
enhance deterrence when A < A"V: we then have P¥ (\) = F (1 —C(\)) > F (1 - Cy) =
PY (V).

If A\ > A", in the benchmark regime the enforcer opens an investigation with prob-
ability 7 (), which is decreasing in A — the specific pattern of 7 (\) depends also on
the distribution of private costs f(c), as (26) shows. As a result, the participation,
PN(X) = APg (i(\)) + (1 = X) Pg(i()\)), is increasing in A and equal to 1 for A — A
since © ()\Ci) = 0. The participation under the current regulation exhibits a similar pat-
tern: C(\) is decreasing in A and C(\“) = 0. Hence, when \ increases above A",
deterrence is reduced in both regimes, all the more so as the enforcer becomes more
optimistic.

Building on these insights, Proposition 6 provides sufficient conditions ensuring that
expected welfare remains higher in the absence of commitments. Since the participation
in the benchmark regime depends, through 7 ()), also on the distribution of private costs
f(c), we can identify such conditions in terms of the hazard rate h(.). Specifically, as
Why (A) is decreasing in A in the range A € ()\N , )\Ci), a “global” sufficient condition is for

WE (M) to be instead increasing in that range, that is:

dW*
A

dWE 0 = dpPP
dx 7 dA

W)W + PP () == (N) >0,

where PT" (\) = F (1 — C()\)) and dP (\) /d) is therefore proportional to f (1 — C()\));
it follows that this condition amounts to imposing an upper bound on the hazard rate

h(1—C\) = f(1—CN) /F (1 - C())), namely:"*

h(1—-C(\) <g(\= p)\c()\c(ic/\_‘?i))\z/\i — )\) ‘

As both sides of this inequality are decreasing in ), it holds throughout the range \ €
(AN, ACi) whenever h (1 -C ()\N)) <h=yg (/\Ci).

Similarly, the local condition

AWE
d\

ct dW ci dPN ct 7 ct
(A7) > =55 () = == (X)W ()

ensures that expected welfare is higher in the absence of commitments for A close to
A, Using (7) and (9), dP" ()\) /d\ can be shown to be proportional to F (1 — C())),

18See the proof of Proposition 6.
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implying that the above condition amounts again to imposing a (weaker) upper bound

on the hazard rate, namely, h (1) < h.

5 Reformed Regulation

As already mentioned, the existing regulation not only introduces commitments, but also
gives the initiative to the firms, which enables them to appropriate a substantial share
of the resulting benefits. To disentangle the two aspects, we now consider a reformed
regulation giving the initiative to the enforcer. That is, we now assume that it is the
enforcer who can propose (and design) a commitment. We adjust accordingly the timing

of the game as follows (interpreting C' = 0 as not opening the case):
Timing (reformed regulation):

Stage 0: Nature draws the type 6 € {G, B} and the cost ¢ € [0, 1], which are privately
observed by the firm; the firm then decides whether to undertake the action. If the

firm does not undertake the action, the game is over.

Stage 1: If an action is undertaken, the enforcer then decides whether to open a case. If
it does not (i.e., if it offers C' = 0), the game is over; otherwise, the enforcer offers

a positive commitment C € (0, 1].

Stage 2: If a case is opened, the firm either accepts the commitment (A) or rejects it

(R), in which case the enforcer proceeds to a full investigation.

There is a key difference between the current and reformed regulatory regimes. In
the former setting, the commitment offered by the firm acts as a signalling device. The
enforcer updates its beliefs accordingly, before deciding whether to accept the commit-
ment or investigate. In the latter setting, the commitment proposed by the enforcer acts
instead as a screening device: the firm then either accepts it, ending the game, or rejects
it, triggering an investigation.

We now analyze the equilibria, starting with the last stage.

5.1 Stage 2

In stage 2, the firm accepts the offered commitment C' whenever it lies below its maximal
acceptable commitment, Cy. The continuation equilibria can therefore be of three types:

separating, pooling or semi-separating. Specifically, we have:
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Lemma 3 (continuation equilibria — reformed regulation) For any C selected by

the enforcer in stage 1, the continuation equilibria and the associated expected welfare,

giwen the enforcer’s interim belief A1, are as follows:

if C =0, then the case is not opened and the expected welfare is W¢(A1);

if C € (0, C_’(;), then there exists a unique continuation equilibrium, in which

both types pool on accepting the commitment, yielding an expected welfare equal

to We(A\, C) = (1 — CYWe(A\)

if C > Cpg, then there exists a unique continuation equilibrium, in which both types

pool on rejecting the commitment, yielding Wi(\;);

if C € (Cg, C’B), then there exists a unique continuation equilibrium, in which the

two types separate, with B accepting and G rejecting the commitment, yielding

WA, C) = M(W — k) — (1 — A\)(1L — O)L;

if C = Cg, then the pooling equilibrium on acceptance and the separating equilib-
rium co-exist with a continuum of semi-separating equilibria in which B accepts the
commitment with probability 1 whereas G rejects it with any probability v € (0,1).

The pooling equilibrium on acceptance Pareto-dominates all other equilibria.

if C = Cpg, then the pooling equilibrium on rejection and the separating equilibrium
co-exist with a continuum of semi-separating equilibria in which G rejects the com-
mitment with probability 1 whereas B rejects it with probability vg € (0,1). The

separating equilibrium Pareto-dominates all other equilibria.

Proof. See Appendix M. m

5.2

Stage 1

In stage 1 the enforcer, given its interim beliefs \;, chooses whether to open a case by

offering a positive commitment C' > 0, triggering a continuation equilibrium described

in Lemma 3 — focusing as before on the Pareto-dominant one in case of multiplicity — or

not to open it at all, which is equivalent to offering a zero commitment. The associated
expected welfare is given by (using W¢(\) = W%(A,0)):

We(A,C) if C € [0,Cq]
W(M,C) =14 W3(\,C) if Ce (Cq,Cfl (20)
WZ()\l) if C > éB.
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We first note that, W?*(\;,C') being strictly increasing in C', the relevant option in the
range C € (Cg, C B} is C = Cz. Furthermore, this option also dominates any higher C';

indeed, we have:
W4 (A1, Cg) — Wi(A) = (1 — A\))[k + (sk + pS)L] > 0. (21)

Both options lead G to reject the offered commitment and trigger an investigation; by
contrast, C'p is accepted by B, whereas any higher commitment is rejected. Intuitively,
the commitment option is more efficient, as it saves on investigation costs. As the enforcer
can moreover impose the maximal commitment acceptable by B, the resulting expected
welfare is higher.

It follows that the relevant options are C' € [0, 6_'0] and C = Cg. Furthermore, in the
first range, the best option is C = C¢ if \; < X, and C = 0 if \; > \°. Building on this,

the following lemma establishes the optimal response of the enforcer:

Lemma 4 (enforcer’s response — reformed regulation) There exists A\; € (A%, \°)
such that, when the action is undertaken by the firm, the enforcer’s optimal response is

as follows:

(i) if Ay € (0, \1), the enforcer offers Cp, triggering separation;

(id) if \ € (5\1, X%), the enforcer offers Cg, triggering acceptance;
(791) if Ay > X, the enforcer does not open a case (i.e., selects C' =0).

In the limit case where \y = A1, the enforcer is indifferent between Cp (triggering
separation) and Cq (triggering acceptance); in the limit case where Ay = \° the enforcer
is indifferent between any C € (0,Cqg| (triggering acceptance) and not opening the case
(i.e., selecting C =0).

Proof. See Appendix N. m

5.3 Stage 0

In stage 0 the firm, having observed its type, decides whether to undertake the action or
not, given the optimal response of the enforcer described in Lemma 4.

If the enforcer’s prior is sufficiently pessimistic, its interim belief will remain highly
pessimistic (namely, \; < A;) even will full (deterrence and) screening; the enforcer will
therefore always opt for the larger relevant commitment, Cz. This, in turn, leads both
types to adopt the practice as if doing so triggers an investigation with probability 1

— specifically, G will rejects the commitment and face an investigation, whereas B will
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accept it but obtain the same profit as under investigation. The participation of type 6
is thus given by
POS =F (1 — 69),

and the enforcer’s resulting interim belief is equal to

_ APS
= APE+ (1-NPS

ey =) (22)
By construction, PS5 > P§, implying A} (A) > A for A € (0,1), and A} (A) strictly increases
from 0 to 1 as A increases 0 to 1. The above strategies thus constitute the unique
equilibrium strategies as long as A < A = (S\f)_l(j\l).

If instead the enforcer is sufficiently optimistic, its interim belief will remain highly
optimistic (namely, A\; > A°) even in the absence of any screening. The enforcer will
therefore not open the case (i.e., it will select C' = 0). This, in turn, leads both types to
adopt the practice with the same probability, F'(1), and the enforcer thus does not revise
its belief. Hence, for A > A\, there is no enforcement.

Finally, in the intermediate range A\; € (A, A), two cases can be distinguished. For
A > A1, even in the absence of screening the enforcer remains sufficiently optimistic for
opting for the lower relevant commitment, C; (which is accepted by both types, thus
generating no screening indeed). For A < ;\1, in the absence of screening the enforcer
would be too pessimistic for offering C¢;, but offering the higher commitment, C'z, would
generate full screening and make the enforcer too optimistic for offering it. As a result, in
equilibrium, the enforcer randomizes between the two commitments — and B participates
in such a way that the enforcer’s interim belief is equal to 5\1, making the enforcer indeed
indifferent between the two commitments.

Building on this, the following proposition describes the equilibria for any given .
Proposition 7 (reformed regulation) The equilibrium Eg is as follows:

o For \ <\, where 5\(< 5\1) is such that Xf(S\) = )y, there exists a unique equilibrium,
in which type 0 = G, B undertakes the action with probability Py, the enforcer
updates the beliefs to Xf()x)(ﬁ M) and offers C (which G rejects and B accepts).

o For A € (A, )\1), there exists a unique equilibrium, in which (i) G undertakes the

action with probability PS and B undertakes it with probability

Pg'(\)=F (1-6(NCe — (1-56(\))Cp) ,
where the probability 6()\) increases with X from 6(\) = 0 to 6(Ay) = 1, and (ii) the
enforcer updates its belief to Ay = M\ and offers Cq (which both types accept) with
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probability 6(\) € (0,1), and Cp (which G rejects and B accepts) with complemen-
tary probability 1 — 6(\).

e For )\ e [5\1, A9), there exists an equilibrium in which both types undertake the action
with probability PS5, the enforcer maintains its beliefs (i.e., Ay = \) and offers Cg
(which both types accept). This equilibrium is the only Pareto-dominant equilibrium
if A= \1 and is the unique equilibrium for \ € (5\1, ).

o For A > )\°, there exists an equilibrium in which both types undertake the action
with probability F(1), the enforcer maintains its beliefs (i.e., \y = \) and does not
open the case. This equilibrium is the only Pareto-dominant equilibrium if A = \°

and is the unique equilibrium for X > \°.
Proof. See Appendix O. =

The following Corollary characterizes the expected welfare generated by the reformed

regulation:

Corollary 5 (expected welfare — reformed regulation) FEzxpected welfare is given by:

Wa(A) = PS(NWS(N) for X<,
Wr(h) = { WM(\) = PMO)YWM (xl) for Ae (A A, (23)
Wi (A) = PAAY AN for A€ [A, X°),

where total participation is equal to:

PS(\) = APS + (1 — \)Pg,
PM(X) = APS + (1 — N PY ()N,
PA(N) = Pg,
and expected welfare for a given participation is:
WS(\) = W (X (M), Cp),
wM (/\1> = WS(;\l,C_'B) = WAL, Cq),
WAN) = W\ Cg).

5.4 Comparison of policy regimes

We now show that the reformed regulation regime (R) dominates both the benchmark

regime (N) and the current regulation (C):

Proposition 8 (reformed regulation dominates) For any A < \°, the reformed reg-
ulatory regime yields a higher expected welfare than the benchmark and current requlatory

regimes.
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Proof. See Appendix P. m

From Proposition 5, among the three relevant equilibria generated by the current
regulatory regime, the pooling equilibrium &y replicates the outcome of the benchmark
regime and the semi-equilibrium €2 is dominated by that outcome. Hence, we only need
to compare the reformed regime to the benchmark regime and to the pooling equilibrium
EL of the current regime, in which the firm offers the minimum acceptable commitment
C(A).

It will be useful to distinguish four cases based on how pessimistic the enforcer’s prior
beliefs are. [Recall that, from Lemma 4, A; > A%, which in turn implies \ = (Xf)—l(j\l) >
PR (;\f)*l()\”).w Hence, the four ranges identified below are all non-empty.]

e Case a: \ € (O,AN } In this range, the benchmark regime dominates the current
regime and induces the enforcer to investigate with probability 1. Furthermore, as A <
AN < ), the reformed regime gives rise to the separating equilibrium in which G faces an
investigation wih probability 1, whereas B accepts C'g. It follows that, compared with the
benchmark regime, the reformed regime (i) performs equally well in terms of deterrence
and screening (in both cases, participation rates are the same as when investigating
with probability 1) and (ii) is also equally ex-post effective when facing G (investigation
with probability 1 in both regimes). However, when facing B, the reformed regime is
more ex-post effective, as it replaces the investigation with the commitment Cp; doing
so enables the enforcer to save on the investigation cost k and to appropriate B’s cost
savings (which include B’s share of the investigation cost, sk, as well as the expected
pecuniary sanction pS) — conditional on facing a bad type, this amounts to increasing de
facto the commitment by Cz — C = k/L + sk + pS > 0.

e Case b: \ € (AN , ;\] In this range, the reformed regime still gives rise to the separating
equilibrium and thus dominates the other two regimes in terms of deterrence and screen-
ing: it maintains full deterrence and screening (as when investigating with probability
1), whereas (i) the investigation probability falls down in the benchmark regime, which
reduces both deterrence and screening, and (ii) the pooling equilibrium EE of the current
regime leads to the commitment C()\), implying no screening and lower deterrence, as
C(\) < Cg < Cp. In addition, the reformed regime is again more ex-post effective.
Indeed, conditional on the enforcer’s interim beliefs, the benchmark and current regimes
deliver the same expected welfare as an investigation, W*(-);?" by contrast, as in the
previous case, the reformed regulation provides ex-post an equally effective policy when

facing G' and a more effective one when facing B.

19From Proposition 7, A is such that A; () = A;. And from (6), AV is such that \X(A™, 1) = A, where
by construction, A{(-,1) = S\f(~), which is strictly increasing (see (2) and (22)).

208pecifically, Ey yields AY () = A% and W (A\?) = W), whereas £F yields A{(A\) = A and
WEA) =WiA).
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e Case c: \ € (5\, A). In this range, the reformed regime (which yields the equilibrium
M) dominates again the other two regimes in terms of participation, screening and policy
effectiveness. To see this, recall that the reformed regulation generates participation rates
based on commitments equal to C for G, and to either C; or Cs for B. By contrast,
under the current regulation, the relevant pooling equilibrium — when it exists — generates
participation rates based on C'(\) < Cg(< Cp), and is thus dominated by the reformed
regime in terms of deterrence and screening. Furthermore, the reformed regulation yields
a more optimistic interim belief than the benchmark regime (namely, A > A“); hence,
it performs better in terms of screening. Moreover, G’s participation is based on facing
an investigation with probability strictly lower than 1 in the benchmark regime, and on
facing an investigation with certainty in the reformed regime. Hence, GG’s participation
is lower under the reformed regulation. As there is more screening, B’s participation
must be even lower, implying that the reformed regime thus performs better than the
benchmark regime in terms of deterrence as well as screening. Finally, the reformed
regime dominates the others also in terms of ex-post effectiveness, as the enforcer is
indifferent between investigating or not in the other two regimes, and could but prefers

not to do so in the reformed regime.

e Case d: \ € [X:i, AC). In this range, the benchmark regime and the current regulation
entail no enforcement, whereas the reformed regulation (leading to equilibrium M, or to
pooling on acceptance) achieves some enforcement, in a range of A in which enforcement
is moreover strictly desirable, since W¢(A) < 0. It follows that the reformed regime
performs at least as well as the other two in terms of screening (and strictly better in
the range \ € [)\Ci, ;\1) in which it generates the equilibrium M), and performs strictly
better than the other two in terms of deterrence (Pr (\) < Py (A\) = Pc (\)) and ex-post
effectiveness (the benchmark and current regulatory regimes yield \; = A and W ()\) =
WE (X) = We(X), whereas the reformed regime yields W/ (A" (X)) > W¢ (Af (X)), where
M ()) are the enforcer’s interim belief under the reformed regulation).

Summing-up, the reformed regulatory regime does at least as well as the other two
regimes in all dimensions (deterrence, screening and ex-post effectiveness), and always
strictly outperforms the other two regimes in at least one dimension. Specifically, the

reformed regulatory regime:
e always strictly outperforms the other two regimes in terms of ex-post effectiveness;

e weakly dominates the other two regimes in terms of screening — it moreover strictly
outperforms the current regulation for A € (O,/\N ], and both other regimes for
e (AN )

e weakly dominates the other two regimes in terms of deterrence — it moreover strictly

outperforms the current regulation for A\ € (O,/\N], and both other regimes for
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6 Conclusion

Since the reform in the enforcement of art. 101 and 102 TFEU in 2003, known as
“the modernization”, the commitment procedure has become widely used in European
antitrust cases. This instrument enables a firm under investigation to offer measures
intended to limit the anticompetitive effects. If accepted by the enforcer, these remedies
become binding commitments, but there is no fine or finding of infringement.

To study the impact of this reform, we consider a setting in which a firm has the
opportunity to undertake a practice that may (exogenously) be pro- or anti-competitive.
The firm knows the nature of the practice, whereas the enforcer only has prior beliefs
about it. We first consider the equilibrium outcomes generated by two regimes: a bench-
mark regime in which the enforcer can only rely on investigations, which are costly but
bring evidence with some probability; and a regime reflecting the current regulation, in
which the firm can propose a commitment that, if accepted, reduces both social effects
and private profits.

We show that the success of a policy regime relies on its performance over three
dimensions: deterrence (discouraging the adoption of the practice), screening (selectively
targeting bad actions), and ex-post effectiveness (improving ex-post value and /or reducing
enforcement costs). We find that, compared with the benchmark regime, the current
regulation never improves ex-post effectiveness, and reduces screening (at least weakly).
Furthermore, while it may sometimes improve deterrence, it appears unlikely to generate
a higher expected welfare.

The poor performance of the current regulation led us to explore a reform giving the
enforcer the initiative to propose a commitment. We find that the reformed regulation
dominates the benchmark regime and the current regulation (and actually widens the
scope of enforcement): it performs weakly better over all three dimensions (deterrence,

screening and ex-post effectiveness), and strictly so over at least one dimension.

The debate surrounding the introduction of the commitments procedure centers on a
trade-off between ex-post effectiveness, on the one hand, and deterrence or screening, on
the other hand. The above insights suggest that the current regulation performs poorly
on the latter front, without providing much gains on the former. They also suggest that
the proposed reform could do better on both fronts.

The underlying intuition relies on a key feature, namely (following the literature and
reflecting enforcement practice), that the regulator is not in a position to pre-commit
itself to a given investigation policy; it reacts instead to the action when it is undertaken

— based on its beliefs, appropriately updated for the occurrence of the action. By giving
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the firm control over commitment design, the current regulation enables it to offer a
minimally acceptable commitment, appropriating in this way the lion’s share of the gains
stemming from this new tool. As a result, ex-post effectiveness is not much improved,
whereas deterrence and screening are much hampered.

By contrast, by giving the regulator control over commitment design, the proposed
reform could enable the enforcer to appropriate a larger share of these gains. This would
not only improve ex-post effectiveness, but, by so doing, it would also foster ex-post
intervention (and, indeed, widens the scope for enforcement), which in turn would enhance

ex-ante deterrence and screening.

Our analysis assumes that the enforcer and the firm have symmetric information about
relevant commitments. In practice, the firm may have private information about feasible
remedies, or about their costs or benefits. The enforcer may however elicit such informa-
tion from other interested industry participants, such as rivals or customers (industrial
customers in the case of intermediate goods, or possibly consumer associations in the case
of final goods). Taking this informational problem into account, and studying the impact
of control over commitment design in such environment, constitutes an interesting avenue

for further research.
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Appendix

A Proof of Proposition 1

Suppose that, in equilibrium, undertaking the action induces the enforcer to investigate

with probability ¢. Anticipating this, the firm undertakes an action of type 6 with prob-

ability Pp(¢) given by (1); the enforcer’s updated beliefs, given by (2), can be written

as

AN\ )= ——
! 1+ 1320(1)

where

=

(¢
Pg(b

~—

O(1) =

(>0)

~—

satisfies ® (0) = 1 and is strictly decreasing in ¢:
(1) = —®(2) [Cphg (1) — Caha (1)] <0,

where

ho(1) = h(1 — 1Cy),

(24)

and the inequality stems from the hazard rate h(-) = f(-)/F(-) being strictly decreasing

and Cp > Cg. It follows that A{(),¢) strictly increases with ¢ as well as with A, and
moreover satisfies AS(A,0) = A and A (A, 1) = A% for A = AV(< \9), defined in (6).

Therefore, there are three possible cases:

o If A > X%, then any ¢ > 0 would induce A (\,¢) > A%, implying that the enforcer

would be unwilling to investigate; hence, the enforcer closes the case (or never opens
it): «(\) =0.

If instead A < AV, then any ¢ < 1 would induce X¢ (\,:) < X%, implying that
the enforcer would be unwilling to close the case; hence, the enforcer investigates

whenever the firm undertakes the action: ¢(A\) = 1.

Finally, if AN < A\ < A%, then the enforcer must be indifferent between closing the
case or proceeding with an investigation: + = 0 would lead to ¢ (X,0) < A“, in
which case the enforcer would rather investigate (¢« = 1), a contradiction; likewise,
v = 1 would lead to X¢(),2) > A, in which case the enforcer would rather close
the case (¢ =0), another contradiction. It follows that the enforcer’s posterior
must satisfy A¢ (A, 1) = A%, which in turn requires the enforcer to investigate with
probability 7(\) € (0,1), where 7 ()) is the unique solution in ¢ to A (X, 1) = A“.
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and is implicitly defined by

B = oy (25)

The LHS of (25) is continuously differentiable in ¢, whereas the RHS is continuously
differentiable in A. It follows that i(\) is continuously differentiable in A. Using
(24) and (25) yields:

-1

T = A1 =X) [Cphp(T(N) — Caha(i (V)] <9 (26)

where the inequality follows from the monotonicity of h (-) and Cz > Cg. Hence,
i(\) € [0,1] is decreasing in A for A € [AY, \].

Finally, the participation of the good and bad types in the no-commitment regime

(superscript “N”) can be expressed as

PN (A\) = F(1— N (\)Cy).

B Proof of Corollary 1

The properties of P& ()\) and PY (\) directly follow from Cz < Cp and the properties of
N(X). Moreover, for A € (0, \™]:

dPN ())

o~ LW =Pg(N) >0,

and for A € (A", \%), using (26) and p) (A) = f (1 — N (X) Cp):

APV (\)
A

dPN()\) deBV()\)
n YT
ACeply(N) + (1= NCapl(N)

(1= ) [Cuh(N) = Coh (V)]

= PG (\)—Pg(\) +A

= PYO\) - PY(\) + > 0. (27)

C Proof of Corollary 2

The posterior of A is
PE(N)
PN(X)

AV () = A > A
Expected welfare is given by:

Wy (A) = PYA) {[1 = eI WA (A) + WA (M)}
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where from Proposition 1: for A < AV, /M ()\) = 1; and for A € (A, A), ANV(\) = A7,
implying that the enforcer is indifferent between investigating or not, and so W¢(AY (X)) =
WiAY () (= Wi(A™)). Hence, in both cases, Wy (A) = PV (N)WI (A ().

Moreover, for \ € (O, AV ) the enforcer investigates with probability 1 and we have

dWx(A)  dPN(X)
d\  d\

dW* (A1) dAy' (V)
X

WH (ALY (V) + PY(N) = PYW + PY(1—p)L >0

% N N pN
since 9520 = PY — P, WM — 1 4 (1 p)L and PN =

For A € (AN, ), where Wy () = PN(A\)W¥(AY), we have:

dWn(\)  dPY()\)
a d\

WA <0,

as PV is strictly increasing in A from Corollary 1, and W#(A“) < 0.

D Proof of Lemma 1

Fix C' and let Ay = Ay (C') denote the enforcer’s revised belief when offered C'. Accepting
C' thus generates an expected welfare equal to W%(\g,C) = (1 — C) W€ ()2), whereas

running an investigation yields W* ()\,). Let
A ()\2, C) = Wa()\g, C) — Wl(>\2)

denote the welfare differential between the two options. Using (3) and (5), it can be

expressed as:

AN, C) = —C(W+L)(Aa— )= pL (A7 = A)
= (W+L) [(pA° = C) dg = A (pX = O)]
= W+L)(pA" = C) X2 = AC)],

where the last equality stems from (12). Therefore:

o If C < pX°, A (X2, C) Z 0 if and only if Ay = A(C).
e If instead C' > p\°, A (A\g, C) is (weakly) decreasing in Ag; hence,
AN, C)>2AL,C)=1-C)W—-W —-k)=k—CW >k-W >0,
where the second inequality stems from C' < 1 and the last one from Assumption

3. Hence, the enforcer accepts the commitment C' for any A\o(C').
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E Proof of Proposition 2

Part (i). Suppose that A > A\“, and consider a candidate equilibrium in which both types
undertake the action with probability 1 in stage 0, and offer no commitment in stage 1.
We then have Ay = A\ = A > \“, implying that, in stage 2, the enforcer is willing to
close the case. This, in turn, gives both types the maximal profit of 1, implying that
they have no incentive to deviate in stages 0 and 1. This establishes the existence of an
equilibrium in which both types obtain a payoff of 1, which therefore Pareto-dominates
any other equilibrium outcome.

Part (ii). Consider now the case A < A and consider a candidate equilibrium in
which IIy = 1 for some type 6 € {B,G}. To obtain this profit, type 6§ must offer zero
commitment, and doing so must induce the enforcer to close the case. As the other
type could mimic 6, it follows that, in this candidate equilibrium, both types obtain the
maximal profit of 1. Hence, in stage 0 they both undertake the action with probability
1, implying that A\; = A\. As E[X2(C)]cecoues = M1 < A%, there exists C' € Cg U Cp such
that Ay (C) < A\ < A, From Lemma 1, the enforcer then either investigates or accepts
C, and the latter case arises only if C' > C (A (C)) > C (A*) = 0. It follows that the
type offering C' obtains a profit strictly lower than 1, a contradiction.

Therefore, in any equilibrium, both types must obtain a profit strictly lower than 1.
Furthermore, as G could mimic B, and G’s ex-post payoffs are always weakly higher than

B’s, in equilibrium G must obtain a weakly higher expected profit than B.

F Proof of Lemma 2

Fix A < A\“ and suppose that there exists C; € Cg \ Cs. Upon observing Cg, the
enforcer updates its belief to A\y(Cg) = 1, and thus accepts Cz. Hence, in equilibrium G
obtains IIg = [I(Cg) = 1 — Cg. Furthermore, by offering C¢, B could secure I15(Cq) =
1—Cg = lg; we thus have I1g > (I15(Cq) =) llg > Iz, where the last inequality stems
from Proposition 2. It follows that Iz = 1. In addition, G’ can secure a payoff of 1 —Cg
by offering C; indeed, it would then obtain 1 — Cg regardless of whether the enforcer
accepts this commitment or runs an investigation. Hence, Il = (Ilg =) 1 —-Cg > 1— Ca.

Consider now a commitment Cz € Cp. If Cp is rejected with probability 1 by the
enforcer, then B obtains 1 — Cz < Ilp, a contradiction. Hence, C'z must be accepted
with positive probability. Furthermore, if it were accepted with probability 1, we should
have Cp = (g, otherwise the type with the higher offered commitment would have
an incentive to deviate and mimic the other types. Hence, it must be the case that
the enforcer randomizes between acceptance and investigation, which according to the
regulation is possible only for Cz = 0. To maintain IIz = 1 —Cl, it must be the case that

the enforcer investigates with probability « = Cg/Cp; but this gives G an incentive to
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deviate and mimic B (and obtain in this way 1 —:Cg = 1 — C5Cq/Cp > 1 — Cg = Ilg),

a contradiction. Therefore, in equilibrium, either C; = Cp or Cq C Cp.

G Proof of Proposition 3

The proof is structured in four steps. We first characterize a unique candidate equilibrium
by establishing that Cg \ Cq = {C’} (step 1), Cg = {0} (step 2) and 1(0) = C'//Cj (step
3). We then establish existence for A < X\* (step 4).

e Step 1: Cp\Co = {C’} According to Lemma 2, there exists Cp € Cp \ Cq; as B
reveals itself by offering such commitment, it follows that Ay (Cg) = 0. To identify the
possible values for Cg, recall that B can secure 1% = 1 — C by offering C'g = C, which

the enforcer always accepts, regardless of its revised beliefs. Furthermore:

e If Cp > C, then the enforcer accepts Cz and p(Cp) =1 — Cp < II3, a contra-

diction.

e Likewise, if C5 < C' then the enforcer rejects Cz (as Ay (Cp) = 0) and I5(Cp) =

1 — Cp < II3, another contradiction.

Hence, a semi-separating equilibrium (superscript “S”) satisfies Cp \ Cg = {C}. Fur-

thermore, as the enforcer accepts C' whenever offered, B’s payoff is equal to I13.

e Step 2: Cq = {0}. Offering any Cg € Cq(= C5 N Cp) must give B its equilibrium
payoff IT3. Hence, this cannot induce the enforcer to accept it with probability 1 (B’s
indifference would require Cg = é) or to investigate with probability 1 (B would obtain
1—Cp < I13). It follows that the enforcer must be randomizing, which, according to the
policy rule, is feasible only if C¢ = 0. Furthermore, we must have A2(0) = A to induce

the enforcer to randomize.
e Step 3: «(0) = /5 = C/Cy. B’s indifference condition then requires Iz(Cgy) =
1—1(Ce)Cp=1—C or:
C
Co) = = =1°.
1(Cg) Ch L

e Step 4: existence. Thus, in equilibrium, C; = {0} and C = Cp = {0, é’}, further-
more, (i) the enforcer accepts ¢ and investigates with probability +* when offered no
commitment, and (ii) the equilibrium payoffs satisfy
S A S S A Co »
Cg
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By construction, B is indifferent between offering 0 or C, whereas G strictly prefers
offering 0 (as offering C would yield a payoff of 1%, < I12). Furthermore, any deviation
to C ¢ C = {0,C} can easily be deterred by interpreting it as signalling a bad type.”!
Any C € (0, C'is then rejected, giving type 0 a payoff 1 — C < 1%, < T2, unless it exceeds
C , in which case it is accepted but gives both types 1 — Cp < 1 — 15Cy = II5.

Turning to stage 0, type 6 undertakes the action with probability Py = F(I15). Hence:

____
CAPE+ (1= NP

A1(A)

To induce \2(0) = A%, the probability v with which the bad type offers no commit-

ment must be large enough. Specifically, using

A1(A)
A2(0) = ,
2(0) M)+ 1= M(V)]vs
we must have: .
A 1-)\"PS
VB= T Thad ps
1—A X% P

where the right-hand side is always positive for A > 0, but is lower than 1 only if A < 25,
where \° is defined in (17). Hence, the semi-separating equilibrium &2 exists only for
A € (0,)%). Conversely, for any A € (0,\), the equilibrium strategies described above

do constitute a semi-separating equilibrium.

H Proof of Corollary 3

For A\ € [0, )\S), the semi-separating equilibrium yields participation rates given by (15),
which satisfy PS > Pj5 and do not depend on the prior A\. Furthermore, G offers no
commitment with probability 1, whereas B does so with probability vp, designed to
induce a posterior equal to A* (to leave the enforcer indifferent between investigating or

not), and otherwise offers C , inducing a posterior equal to 0. Letting
Py (\) = APS + (1 - \NvgP3

denote the overall probability of no commitment being offered, the enforcer’s interim

belief, upon observing that the action has been undertaken, thus satisfies

Al()\)—PS()\) A +[1 PSM)} —PS(/\))\ € (0,2).

21The belief Ay (C') = 0 for C' ¢ C is moreover “reasonable” (e.g., consistent with the intuitive criterion),
as B would indeed have more to gain if the deviant offer were instead accepted.
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Furthermore, expected welfare can be expressed as:

S S
W5\ = P5()) {]ZZOS 8; W (A7) + [1 - —]Jjg 83] W' (0)}

= pS ()\) Wi (ﬁ(; Ei;)\cz)
= PE)W (X)),

where the second equality relies on the linearity of W (\;) in A; (namely, W' (\;) =
Wi(0) + M\ [W+ (1= p) L)).

I Proof of Proposition 4

Fix A < A“ and suppose there that exists a pooling equilibrium; that is, Cs = Cp = C.
Let A\; denote the enforcer’s interim belief, upon observing that the action has been

undertaken. We consider three cases, depending on the value of this belief.

Case 1: \; > \“. By construction, there then exists C' € C such that A\ (C) > \; >
A“. From Lemma 1, the enforcer then accepts C, implying that both types obtain the
same payoff. As the firm must be indifferent between all equilibrium offers, it follows that
both types always obtain the same expected payoff, and thus undertake the action with
the same probability; hence, A < \; = \, contradicting the working condition A < \“.

Case 2: \; = \“. By construction, there then exists C' € C such that A (C) > M(=
)\Ci). If C' > 0, then from Lemma 1 the enforcer accepts it; hence, both types obtain again
the same payoff, implying A = A\; > A\, a contradiction. Hence, C' = 0. Likewise, if the
enforcer then closes the case with probability 1, again both types obtain the same payoff,
implying A = A\ = A%, a contradiction. Hence, the enforcer must open an investigation
with positive probability: ¢(0) > 0, implying that B obtains 1 — ¢(0)Cs. As B could
secure a payoff of 1 — C by offering the commitment C, the probability of investigation

cannot be too large, namely:

1(0) < =",

C_ 5
Cp
Suppose now that there exists another offered commitment, C’ € C\ {C'}. As offering
C = 0 (and being investigated with probability +(0)) gives different payoffs to the two
types, to ensure that both of them are indifferent between offering C' or C’, it must
be the case that C’ induces as well the enforcer to open an investigation with positive
probability; furthermore, as just seen, to deter B from deviating this probability must

be lower than °

< 1. It follows that the enforcer must again be indifferent between
opening an investigation or closing the case, which requires (Ay(C’) = A, and) C’ = 0,

a contradiction.

37



Hence, C = {0} and the enforcer opens an investigation with probability +(0) < 5. It
follows that the participations are Pp(¢(0), given by (1), and A\; = A{(\, ¢(0)), given by (2).
The working condition A\; = A therefore implies that +(0) = i(\), given by (7), which is
decreasing in A. That is, the candidate equilibrium coincides with the equilibrium that
arises when commitments are not available. As i(\) decreases from 1 to 0 as A increases
from AV to A and 1(0) < ¢, the prior cannot be too pessimistic, namely, A\ must exceed
the level for which 7(A\) = +%, which, from (17), amounts to A > A%,

Conversely, for any A € [)\S, A“), there exists a pooling equilibrium that coincides
with the equilibrium €y arising when commitments are not available. Indeed, in this
equilibrium a firm of type @ obtains a payoff IIYY(\) = 1 — i(\)Cy, where 7()\) < 5,
implying that B obtains

¥\ >1-C,

whereas (G obtains

Y\ >1-05Cq=1-— g—;"é > max{1 — Cg,1 - C},
where the inequality stems from C < Cp and Cy < Cp. To establish existence, it
suffices to interpret any deviant offer C' as signalling a bad type. The deviant offer C
would therefore be accepted only if it exceeds é, implying that type 6 would obtain
1-C<1-C< 15 ()\); any lower C would instead induce the enforcer to open an
investigation, implying that type 6 would obtain 1 — Cy < II)Y(\), where the inequality

stems again from 7(\) < C'/Cz < 1. Hence, there is no profitable deviation.

Case 3: \; < A\“. By construction, there exists C' € C such that \(C) < A;. If
AC) > X(C), then from Lemma 1 the enforcer would open an investigation and B
would thus obtain Iz = 1 — C's; however, B could secure 1 — C' (> 1— C’B) by offering
C, a contradiction. Hence, we must have A\(C) < A\ (C) < A%, implying C' > 0; from
Lemma 1, the enforcer then accepts C', implying that both types obtain the same payoff,
1-C(<1).

Suppose now that there exists another offered commitment, C’ € C \ {C}. By con-
struction, offering C’ must also give the same payoff to both types. This, in turn, implies
that C’ must be accepted with probability 1 (as any positive probability of investigation
would generate different payoffs for the two types). But then, the firm cannot be indiffer-
ent between offering C' or C’. Hence, C = {C'}; that is, both types offer C' with probability
1 and, as they obtain the same payoff, participate for the same cost realizations. Hence,
A (C) = Ay = A, implying A > A(C) or, equivalently, C' > C()). Furthermore, as both
types obtain 1 — C', we must have C' < min {é , ég}, as both types can secure 1 — C by

offering C, and G can also secure 1 — Cg by offering C¢.

The candidate equilibria are therefore such that C = {C'}, where C' € [C()\), min{C, Cs}),
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and \(C) = A\ = A > AC) > MCg). Conversely, if A > M(Cg), then for any
C € [C(\), min {C’ , C’G}] there exists a pooling equilibrium in which both types offer
C, which is accepted, and thus obtain 1 — C. To rule out profitable deviations, it suffices
to interpret any deviant offer C' as signalling a bad type. C would then be accepted only
if it exceeds C, in which case both types would obtain 1 — C' < 1 — C <1-C; and
if instead the enforcer were to open an investigation, each type 6 would again obtain
1-Cp<1-Cs<1-C.

Summing-up, such pooling equilibria exist if and only if A € [A(Cq), /\Ci), and when-
ever they exist, the Pareto-efficient one is for the lowest admissible commitment, C()\),

which corresponds to £}, in which the firm offers the minimum acceptable commitment
C(\) and obtains ITF(\) = 1 — C(\).

J Proof of Corollary 4

In the Pareto-efficient pooling equilibrium &Z, the firm offers C()), which is accepted,
and thus obtains IT¥(\) = 1 — C()\). Hence, the expected participation is

PP\ =F(1—-C(\).
As by construction We(\,C'()\)) = W()), expected welfare is then given by:

We(A) = PP AW = (1= \L] (1= C(N) = PP()W'(A).

K Proof of Proposition 5

The expected welfare generated by the equilibria Ex and £2, for X € [0, p ), are respec-
tively given by (10) and (18). Their difference can be expressed as:

AW = WEN) - Wa(N)
= [PSO) = PYO)] WIS (0) + PV ) [IWEOS () — WX ()]

where PN ()), AY(\) are given by (9), (11), whereas P%()) are A{(\) given by (19).
As noted at the beginning of Section 4.2.2, 7 ()\S) =15, As ™V ()) is (weakly) decreas-
ing in A, and strictly so for A € ()\N , )\Ci), it follows that, in the relevant range A < \°,

we have:

M) >N ()\S) :Z(/\S) =5,

Participation is therefore lower in £y than in £3: PY (\) < Py for § = G, B, and
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so PN (\) < P¥()\). Furthermore, the enforcer’s interim belief is more optimistic in Ey

than in £5: given the participation rates, these beliefs are respectively given by /\f[ (A) =
AT(A M (V) and AT (A) = AL (A, ¢5), and oV (\) > ¥ thus implies A} (A) > A{ (A). In
addition, W7 () is negative (from Assumption 3), and increasing in A. Hence, W* (A (\)) <
WiAY (X)) < 0. Tt then follows from the expression of AW (X) that WS(A) < Wy ().

L Proof of Proposition 6

e Part (i). The equilibria £y and £ co-exist in the interval A € [A(Cg),A), where we
have Wy (A) = PN (A) W (A7) and WE () = PP (A\) W' (X), where W' (A) < W' (A7) <
0. Furthermore, for A < AY, /N (\) =1L and so PP (A) = F(1-C(\) > F (1—Cy) =

F(l - LN ()\) é@) == PQN

AW(N)

(\) for 0 = G, B, implying that P” (\) > PN (\); it follows that:

We(A) =Wy ()
PP [WH(A) =W (AT)] + [PP(A) = PY (V)] WH(AY)
0,

where the inequality stems from both terms being negative, as (i) P¥(\) > 0 and W* ()\) <
WA and (ii) PY(A\) > PY()\) and W (\) < 0.

e Part (i4). We now focus on the case A > A", where A (\) = A\* and, from Corollary
2, Wy (A) is strictly decreasing in A. As lim, e Wy (A) = lim,_,a WE (A) = W* (A7),
it follows that commitments are never desirable if WX ()\) is (weakly) increasing in \.
Using W' (X) = [W + (1 — p) L] (A — X"), where

i_ (1—pL+k
N= —n ———
W+ (1—-p)L

is such that W*(\") = 0, and

A —

I R e (e )}

dpPf

p)\c()\c o )\C’L)

the derivative of W[ ()\) can be expressed as:

AWE
T

W(/\) = f(1-C(\) ) > 0,
PP () + S0
h(L-C)

= WH+A-p)L]F1-CM) |1~

g\
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where h (1 — C ()\)) and

are both strictly decreasing in A:

% (h1—=C\) =K 1-C\)C (\) <0,

where the inequality stems from A (-) and C () being both decreasing functions, and:

D StV . ) Y
PN — XY (X — )

where the inequality follows from A < A\* < \° < \". Tt follows that WE ()) is (weakly)

increasing in \ in the range [\, \%) if

)\c . )\ci

h(l_Q(AN))shzg(A“):m'

e Part (ii7). As already noted, WE ()\Ci) =Wy ()\Ci). Furthermore, using (10), (28), (27)
and W (\) = [W + (1 — p) L] (A — \"), the condition:

dwg ct dWN ct
D (A )>—d)\ (A7)

is equivalent to:

Ai o )\ci
1— )\Ci

h(1)

1 - q ()\ci)

W+ (1 —p) L] F(1)

] > —[W+(1—p) L] F (1)

%
A (Cp = Cg) ’

which amounts to h (1) < h, where:

- DU Cp
h hql . — — —1
—{ AT [)\C’(CB—CG) ”

1— X A=\ Ch
= h : . — = h).
—{1_)\01 + )\cz (1_)\01) (CB_CG)}(> —)

It follows that, whenever h (1) < h, commitments are undesirable for A close to A
that is, there then exists A < A\* such that:

dWE dWn
o N> ()

for A € (A\?), implying that W[ (A) < Wy (A) in that range.
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M Proof of Lemma 3

A firm of type 6 accepts the commitment if C' < Cy, rejects it if C' > Cy and is indifferent
between the two options if C' = Cy, where C; < Cz. Hence, both types accept if C' < C¢,
both types reject if C > Cp, and G accepts whereas type B rejects if C' € (Og, CB).

If C = Cg type B accepts and type G, being indifferent, is willing to reject with any
probability vg € [0,1]. Expected welfare is equal to:

WA, Co,ve) =M [ve (W —k)+ (1 —ve)(1— Ce)W] — (1 —A\)(1 - Cg)L.

Taking the derivative with respect to v¢ yields:

aaL(') =M [W—k—(1-Ce)W] =X k(sW—-1) <0,
va
as sW < sk = Cq < Cp < 1, where the first inequality stems from Assumption 3 and the
last one from Assumption 1. As by construction the two types of firms obtain the same
payoffs in all equilibria, the pooling equilibrium on acceptance Pareto-dominates all the
other equilibria.

Finally, if C' = Cp type G rejects and type B, being indifferent, is willing to reject
with any probability vz € [0, 1]. Expected welfare is equal to:

W(Al,éB,VB) = /\1 (W — ]{3) — (1 — )\1) {VB[(l — p)L+ k] + (1 — VB)(l — CB)L} .

Taking the derivative with respect to vp and using Cp = sk + p(1 + S) yields:

oW ()

61/3

=—(1—=X\)[k+ (sk+pS)L] < 0.

Hence, the separating equilibrium Pareto-dominates all the other continuation equilibria.

N Proof of Lemma 4

The welfare differential A(A;) = W*(\y, C) — W%\, Cg) satisfies:
A/()\l) = —(/{? — é@W) — (C’B — Cg)L < 0,

where the inequality stems from Assumptions 1 and 3, which together imply k > CpW (>
CoW), and A(\;) = 0 for

: (Cp—Ce) L

= —— = = : 2
. (Cp—Cq) L+k—CaW (29)
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It follows that W*(A;, Cp) E We (A, Cg) if and only if A § Xl.Furthermore, the con-
dition k > CyW (> CgW) ensures that the denominator in (29) is strictly larger than
(Cp —Cg) (W + L) (> 0), implying A < L/(W 4 L) = X°. In addition:

AN = WAT) + (1= Ak + (sk+pS)L] — (1 — Ca) W(AY)
= CoWA") + (L= X))k + (sk + pS)L]
= NskW + (1 = \") (k+ pSL),

where the first equality stems from (21) and the definition of W®(.), the second one
from We(A") = WH(A?) (by the definition of A”), and the last one from Cg = sk and
the expression of W¢(-). As the last expression is positive, it follows that A(A”) > 0,
implying A > A%

Building on this, we have:

o If Ay < \° implying W€ (A1) < 0, then the best choice in the range [0, C_’(ﬂ is Cg.

Furthermore:

0 <A <N\ (< X\, then Cg is dominated by Cz and the associated sepa-

rating continuation equilibrium; hence, the enforcer’s optimal response is Cp;

— if instead A\; = A; (< A°), then the enforcer is now indifferent between Cg,
prompting acceptance, and C B, prompting separation; hence, any lottery over

{C_’ B, Og} constitutes an optimal response for the enforcer.

— finally, if M <M< \°, then the enforcer now prefers Cg, prompting accep-
tance, to C'g, prompting separation; hence, the enforcer’s optimal response is
Ca.

e If instead Ay = \° (> ;\1>, then the enforcer is indifferent between any C in the
range [0, Cg] (as W* (A1) = 0) and prefers any such commitment to Cs (as A; > Ar);

hence, any lottery over [D, Og} constitutes an optimal response for the enforcer.

e Finally, if Ay > X° (> ;\1), then the best choice in the range [O,C_'G] is 0 (as
We(A;) > 0) and this choice dominates Cz (as A; > A); hence, the enforcer’s

optimal response is 0 (i.e., not opening a case).

O Proof of Proposition 7

From Lemma 4, the enforcer offers C' € [0,Cq] U {Cp}. Furthermore, offering any C €
[0, Cg] gives the same payoff to both types of firm, whereas offering C' = Cp gives a
strictly lower payoff to B than to G. It follows that, in equilibrium, G undertakes the

43



action weakly more often than B. This, in turn, implies that the enforcer can only become
(weakly) more optimistic. Specifically, \; = X if the enforcer is not expected to offer Cp,
and \; € (A, j\f()\)] otherwise, the upper bound corresponding to the case where Cp is
offered with probability 1.

Consider first the case A < A. We then have \; < j\f()\) < )y, implying from
Lemma 4 that the enforcer is expected to offer C' = C'z with probability 1. This induces
participation rates equal to P;’, which in turn yields \; = j\f()\)(f A1). Hence, there
exists a unique equilibrium, in which the participation rates are indeed Py and the
enforcer offers C' = Cp, which is accepted by B and rejected by G.

Consider next the case A > 5\1. If the firm were to expect the enforcer to offer Cjp
with positive probability, we would have \; > (A 2)5\1; but then, from Lemma 4 the
enforcer would not offer C'z, a contradiction. Hence, the firm must expect the enforcer
to offer C' € [0, Cg], and both types thus participate with the same probability; it follows
that Ay = A(> A;). If A € (A, X°), then from Lemma 4 the firm expects the enforcer
to offer C = Cg, which gives the same participation rate P35 for both types. If instead
A > A% then from Lemma 4 the firm expects the case not to be opened and participation
rates are both equal to F'(1). In both instances, the described strategies constitute the
unique equilibrium. By contrast, in the boundary case \ = ;\1, the enforcer is indifferent
between offering Cz or C'z. G would accept C¢; and reject Cz, and is thus also indifferent
between these two offers. B would instead accept both and prefers the lower commitment.
It follows that offering C; constitutes the unique Pareto-dominant equilibrium. Last, in
the boundary case A = \°, the enforcer is indifferent between any C € [0, Cg|, whereas
both types of firm prefer the case not to be opened; hence, the unique Pareto-dominant
equilibrium is the one in which, with probability 1, the enforcer does not open the case.

Finally, consider the case \ € (5\, ;\1) If the firm were to expect the enforcer to offer
Cp with probability 1, we would have \;(= S\f()\)) > A;; but then, from Lemma 4 the
enforcer would not offer C'z, a contradiction. Conversely, if the firm were to expect the
enforcer to offer Cp with probability 0, we would have A\ (= \) < A1; but then, from
Lemma 4 the enforcer would offer C'z, a contradiction. Hence, the firm must expect the
enforcer to offer C' = O with a probability lying strictly between 0 and 1; from Lemma
4, it follows that the enforcer’s updated beliefs must be equal to ;\1, and that the enforcer
must randomize between Cz and Cg. Denoting by ¢ the probability of offering C¢, the

participation rates are then PS5 for G' and

Pp(0)=F(1 —0Cg— (1 —0)Cy)

for B. These participation rates induce the enforcer to update its beliefs to:

- AP
M\ o) = — _
) = B T A= NP (o)
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which is increasing in A and decreasing in o, from A;(\,0) = S\f(/\)(> M) to Ay(A, 1) =
A(< Ay). Hence, there exists a unique &()\), which increases with A from a(\) = 0 to
6(5\1) = 1, for which A\;()\,5()\)) = A1. Summing-up, in equilibrium, G must undertake
the action with probability PS5 and B must do so with probability P (\) = P (5())),
which induces the enforcer to update its beliefs to A\; = 5\1, and in response the enforcer
offers Cz (which is accepted by both types) with probability (\), otherwise it offers Cp
(which G rejects and B accepts); conversely, these strategies do constitute an equilibrium

(and, thus, the unique one).

P Proof of Proposition 8

Expected welfare under the reformed regulation is given by (23). From Corollary 2, in

the benchmark regime it is instead equal to
Wy (A) = PYOW' (7' (V),

where the participation PN (\) and the interim belief AYY()\) are respectively given by (9)
and (11). Finally, under the current regulation, the pooling equilibrium is the only one
that can generate a higher expected welfare than in the benchmark regime; hence, the

relevant welfare expression is
We(X) = WEQR) = PPNI'(N),

where PP'(\) = F(1 — C()\)).

We can distinguish three cases, depending on the enforcer’s pessimism.

e Case 1: \ < \". In this case, we know from Proposition 1 that the enforcer investigates
with probability 1 in the benchmark regime, and from Propositions 5 and 6 that the
current regulation does not perform better. Furthermore, from Corollary 1, P} (/\N ) =

F(1—Cy) = Py, implying

AN = A1), (30)
Moreover, from Corollary 2:
MV <AV (Y)Y =\ (31)
and from Proposition 7:
A=A (V) (32)

Together with Lemma 4, conditions (30)-(32) yield S\f(AN) =A<\ = /_\15(;\), as /_\f()
is strictly increasing, it follows that AV < \. From Proposition 7, under the reformed
regulation, the enforcer therefore offers C'z, which is accepted by B and rejected by G.

As a result, compared with the benchmark regime, the reformed regulation generates
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the same participation rates but, when the action is bad, it enables the enforcer to
save on the cost of investigation and to impose the maximal acceptable commitment.
Specifically, when facing a good type, the enforcer investigates with probability 1 in both
regimes (because it has pessimistic interim beliefs in the benchmark regime, and because
G rejects the offered commitment under the reformed regulation); hence, both regimes
then yield the same outcome. By contrast, conditional on facing a bad type, expected
welfare is W*(0) = —L + (pL — k) in the benchmark regime and

W#5(0) = —(1 — Cp)L = =L+ [sk + p(1 + S)|L = W'(0) + k + (sk + pS)L > W*(0).

under the reformed regulation; it follows that the latter performs strictly better.

e Case 2: A € (AN, \%). From Lemma 4, A < \;. It follows that, under the reformed
regulation, expected welfare is of the form Pr(A)Wgr()), where:

PS(\)  for A < )\,
Pay) = { D) Tor A=A (33)
PY(X) for A € (A A1),
and .
WS(A) for A < A,
Wa(n = 1V W As A (39)
W for A € (A, \p).

In each of the other two regimes, that is, for 7 = N, C, expected welfare is instead of

the form
Wr(AN) = B-(NWHAT(V),
where: .
Py ={ T T w
and .
SRS B o

The welfare differential between the reformed regulation and the regime 7 = N, C' can

thus be expressed as:

Wr(A) = Wr(A) = [Pr(A) = P-(A)]W'AT(N) + Pr(A) [Wr(A) = W' AT(A)] . (37)

We first note that the current regulation induces a lower participation than the other

two regimes:

Claim 1 (participation) Pr(\) < P.(\) for A € (\Y,\) and 7 = N, C.
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Proof. We first compare Pr(\) to Po(\) = PP()\). From (33), Pr(A\) < max{P°()\), PM(\)} <
P§. By contrast, PY(\) > PS from Proposition 4 (recalling that, under the current reg-
ulation, the relevant pooling equilibrium, in which the firm offers C (1)), exists only when

C (A\) < Cg). Hence, Pr(\) < PP(N).

We now compare Pr(\) to Py(A) = PN(A). For AV < A < A, it follows from
Proposition 1 and Corollary 1 that PNY(\) > P°()\) = Pg(\), because the participation
PY()) is then based on an investigation rate t(\) < 1, whereas the participation rate
P3()\) is based on profits equivalent to those obtained with an investigation rate equal
to 1.

For A < A < A“ (which can arise when A < A%), Pg(\) = PM()) from Corollary 5.
Furthermore, it follows from Corollary 2, Proposition 7 and A% < A1 that:

N R DS
)\PG()\):ACZ<)\1: )\PG 7
PN(A) PM(X)
implying
PN
PN(\) > =& ()\)PM()\) > PM()\),

PS -
where the last inequality stems from PY(\) > Pg, as the participation P4 ()\) is based

on an investigation rate t(\) < 1, whereas the participation rate PS5 is based instead on

an investigation rate equal to 1. m

From (36), AT(\) < A < X for A € (AN, A); together with Claim 1, this implies
that the first term in (37) is positive.

Next, we show that the enforcer’s interim belief is higher under the reformed reg-
ulation; that is, letting A ()\) denote the enforcer’s interim belief under the reformed

regulation, we have:
Claim 2 (interim belief) A (\) > AT(\) for A € (AN, \) and 7 = N, C.

Proof. From Proposition 7 and (30)-(31), in the range A € (A", ) we have A ()\) >
AT (AY) = A% whereas from (36), AT (A) < AT(A) = A“. Hence, A" () > A] (A) for
7T=N,C. =

To conclude the argument, it suffices to note that, under the reformed regulation, the
enforcer could choose to offer an unacceptable commitment; therefore, we have Wx(\) >
Wi (AT (N) > Wi (A](N)) for 7 = N,C, implying that the second term in (37) is also
positive since Pr(\) > 0.

e Case 3: A € (A", )\°).
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In regime 7 = N, C for A € [A\”, \°) there is no enforcement; hence:
Wr(A) = P-(AM)WL(N) = F(L)IWE(A).

The welfare differential between the reformed regulation and the regime 7 = N, C can

thus be expressed as
Wr(A) = Wr(A) = [Pr(A) = P-(A)]W(A) + Pr(A) [Wr(A) — WA,
where:
o for A < \, PS(X\) = Pr(\) and Wg(\) = W5(N);
o for A€ (A, Ay), Pr(\) = PM()\) and Wx(\) = W,
o for A € [\, \9), Pr()\) = PA(N) and Wgr(X\) = WA(N).

Participation is obviously higher in the absence of enforcement: F'(1) > Pr(\). More-
over, W¢(\) < 0 for A < A\°. Hence, the first term is positive. To conclude the argument,
it suffices to note that, under the reformed regulation, at stage 1 the enforcer could choose
to close the case (i.e., offer C' = 0); therefore, we have Wr(A) > W¢ (AfF (X)) > We()),
where the second equality stems from the fact that any enforcement deters bad types
weakly more than good types. As Pr(A) > 0, it follows that the second term is also

positive.
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Online Appendix

A Separating equilibria

We study here the scope for separating equilibria in the policy regime considered in
Section 4. For this purpose, we (maintain Assumptions 1 and 2, but) relax somewhat

Assumption 3. Specifically, we will maintain the following Assumptions:
Assumption 1: S < (1 — sk — p)/p.
Assumption 2: k < pL.
Assumption 3: k> k= (1 — X°)pL.

As already noted, Assumption 1 amounts to Cz < 1 and thus ensures that the firm
always undertakes the action when it is costless, whereas Assumption 2 amounts to
W?(0) > We(0), and thus implies A > 0.

Assumption 3’ amounts instead to W¢ (A”) < 0, implying A < A using (5) then
yields

0> W' (X)) =W (X) + pL (A7 — X%) = pL (A7 = X),

implying A° > A“. Under Assumptions 2 and 3’ we thus have:

0 < A% <A <min{\,1}, (A1)
where
- W+ (1-p)L

denotes the threshold for which W* ()\7’) = 0, which satisfies:
NSl EkZW (A.2)

A.1 Enforcer’s response

We first characterize the enforcer’s response under Assumptions 1, 2 and 3. Fix the

offered commitment C' and the enforcer’s revised belief Ay = Ay (C'), and let

_ p/\ci_C

AC) = "3

denote as before the unique solution in Ay to A(Ag, C') = 0, where
A()\Q, C) = Wa()\g, C) — WZ()\Q) = (W + L) [C ()\C — )\2) — p)\c(ACZ — )\2)} .
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We have: .

)\C _ AC@ AC
)\/(C) = —(C—)p2 <0,
(Ap—0C)

where the inequality stems from (A.1). Furthermore, A (C') tends to —oo as C' tends to

pAZ, tends instead to 400 as C tends to pAS, and satisfies A(C') = 0 and A(C') = 1, where
C = pA° (< pX°) and

. 1_)\(:1
¢= 1—\°

pA° (> pX%)

where C' < 1 if and only if \* < 1.2
Finally, A(0,C) z 0 if and only if C' E C' = pA®. Therefore:

e for C' € [O, CA’}, we have A(0,C) <0 and A(C) > 0; it follows that A(Xo,C) > 0 if
and only if Ay > A\(C);

o for C € <C’, C’), we have A(0,C) > 0 and A(C) ¢ [0, 1]; it follows that A(As,C) > 0
for any Ay € [0, 1];

e for C € [C, 1], we have A(0,C) > 0 and A(C) > 0; it follows that A(X,C) > 0 if
and only if Ay < A(C).

Summing-up, we have:

Lemma A.5 (enforcer’s response) The enforcer’s response to an offered commitment

C is given by:

e if C' = 0, the enforcer closes the case if Ay > A (= A(0)), runs an investigation if

Ao < A, and is indifferent between the two options if Ay = )\Ci;

o if C' € (O, é), the enforcer accepts C' if Ay > A(C'), and otherwise runs an investi-

gation;
o if C € [é , C’], the enforcer accepts C regardless of its revised belief;

e if C € (C,1], the enforcer accepts C' if Ay < A(C), and otherwise runs an investiga-

tion.

In other words, if k > W, implying (A’ > 1, and) C' > 1, the enforcer’s response is to
accept any C' > C, and to accept any lower C' only if Ay (C) exceeds A(C'), as described
in Lemma 1. If instead k& < W, implying C' < 1, then the enforcer’s response is to accept
any C € (C’, O), to accept any C' < C only if A (C) exceeds A(C), and to accept any
C > C only if instead )y (C) lies below A(C).

22To see this, it suffices to note that A(1) = A’ as, by construction, A(Xg, 1) = —W? (\y).
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A.2 Separating equilibria

For any commitment C' € [0,1], let A2 (C) denote the enforcer’s revised belief when
offered C, and « (C) its probability of acceptance. In addition, let Cy # @ denote the
set of commitments offered by type 0 € {B,G}. Separating equilibria are such that the
offered commitments reveal the type of the firm; that is, CgNCp = &, implying A2 (C') = 0
for any C' € Cg and A2 (C) =1 for any C € Cp. The following proposition characterizes

these equilibria (where the superscript S stands for separation).

Proposition 9 (separating equilibria) Separating equilibria exist if only if k > W
and Ce; < C. Furthermore, in any separating equilibrium, Cp = {C’} and a(é’) =1,
whereas Ce > C and « (Cq) = 0 for every Cq € Cq; B thus obtains llp = 113 = 1 — C’,
whereas G obtains g =112, = 1 — Cg.

Proof. The proof is decomposed into three steps.

e Step 1: In a separating equilibrium, Cg = {C’}, a(é) = 1 and Il = II3. Recall
that B can secure I13, = 1 — C by offering C', which is always accepted by the enforcer.
Furthermore, for any Cp € Cp, Ay (Cp) = 0; the enforcer thus accepts Cp if Cp > C’, and
rejects it otherwise. Therefore, if it were the case that C'g > C , the enforcer would accept
Cp and B would obtain 1 — Cp < 1—C = I1%, a contradiction. Conversely, if it were the
case that Cg < C , the enforcer would reject C'z and B would obtain 1—Cp < 1-C = H%,
another contradiction. Hence, Cz = {C'}, o(C) = 1 and 15 = II5,.

e Step 2: In a separating equilibrium, Tlg = 112, and, for every Cq € Cq, Cq > C and
a(Cg) = 0. If it were the case that o (Cg) = 1 for some Cg € Cg, preventing both types
from mimicking each other would require C; = Cz(= C), a contradiction. Likewise, if it
were the case that o (Cg) € (0,1) for some Cg € Cg, then the rule would imply Cg = 0
(i.e., no commitment); as Ap (C) = 1 for any C' € Cg, the enforcer would then close the
case (i.e., accept Cg = 0), giving B an incentive to offer C; = 0 as well, a contradiction.
Hence, o (Cg) = 0 for every Cg € Cg, implying Ilg = 1 — Cg = 113,

By construction, any Cg € Cg induces the enforcer to revise its belief to Ay (Cg) = 1.
From Lemma A.5, the enforcer would therefore accept Cg unless it strictly exceeds C.

Hence, Cq > C for every Cqg € Cq.

o Step 3: A separating equilibrium exists if and only if \' <1 and C < C. From step 2,
in a separating equilibrium, any C¢ € C¢ satisfies C; > C. As by construction Cg < 1,
it follows that C' < 1, which requires k& > W. Furthermore, from steps 1 and 2, G obtains
I3 = 1 — C¢ and could obtain 1 — C by mimicking B; preventing such a deviation thus

requires Cg < C. Hence, a separating equilibrium exists only if \' < 1 and Cg < C.
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Conversely, suppose that A\* < 1 and Cg < C, and consider a candidate equilibrium
satisfying Cp = {C}, a(C) = 1, Cg > C and o (Cg) = 0 for every Cg € Cg, implying
Il = H% and IIg = Hg.

As just noted, the condition Cn < C ensures that G has no incentive to mimic
B. Furthermore, B has no incentive to mimic GG, as doing so would give B a payoff
1-Cp <1—C =113 (as G’s offers are rejected). Likewise, whenever a deviant offer
would trigger an investigation, B would obtain again 1 — Cp < 1 — C = I1%, whereas G
would obtain its equilibrium payoff. To establish existence, it then suffices to assume that
any unexpected offer C' ¢ C = Cp U Cq is interpreted by the enforcer as signaling a bad
type. The enforcer would therefore accept the offer only if C' > C , making the deviation
unprofitable for both types. m
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