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Merger regulation is thex antepart of competition policy that aims to preveng ireation of
market power by acquisition. In order to appraise competitive effects, most jurisdictions
have adopted a variant of 2-phase investigationgiealifying mergers, with a first phase
deciding on whether there is a case for more @etditvestigation in a second phdséhe
central concern is that a merger between firms witbrlapping markets may lessen the degree
of competition to the detriment of customers, etlesugh other aspects of the acquisition may
create the potential for efficiencies. In ordemptevent expected abuse of market power due to
such a merger, a competition agency usually hasptheer to prohibit a merger, either
administratively or by going to court. Alternatiyeit can condition its approval on the merging
firms undertaking either to divest some of theiseds or to accept a package of behavioural

restrictions. Such agreed conditions are knowneasedies’.

Examples of remedies include the divestiture otamerproducts or, in the case of regional
markets (or national markets within the EU), prddaghts in a particular geographic market.
Product rights may include a brand, productionlifgcitechnology or access rights. In most
jurisdictions, remedies can be agreed in eithes@ltd investigation. In particular, both the EU
and US merger regulations allow remedies to beealgie either phase of the investigation.
Either de jure (as in the EU) ode factg the usual practice is for the firms to make timalf
remedy offer to the agency, who can either accepeject it. Rejection in Phase | results in
referral to Phase Il, and rejection in Phase Wiltesn prohibition.

Conditional approval is an order of magnitude mommmon as a means of eliminating
competitive concerns than is outright prohibitioh @ merger. For example, the European
Commission decided on 3,098 qualifying mergers betwSeptember 1990 (i.e. when the first
cases were decided under the ECMR (1989)) andrtieo22006. During this time, 140 were
remedied in Phase I, 79 were remedied in Phaaadljust 19 were prohibited. In this paper, we
model the incentives for merging firms and a contipetagency to agree remedies at alternative

times during the investigation.

! In the EU, there are explicit Phases | and I, aritie US, the equivalent of Phase Il is assodiaii¢h the issuing
of a ‘Second Request’. There is often a prioirgifof cases such that only those of a qualifyiombined size (or
sometimes market share) reach Phase |. Furthieigsihay take place if there are clearly no siguaifit market
overlaps (e.g. the EC has a ‘simplified procedimdieu of Phase | in such cases; EC (2005)). Suoefyers fall
outside the context of the present paper becaegedih not raise issues relating to remedies.
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A fundamental problem for the agency is that, astenitially, it has less information than the
merging firms do with respect to the conditionscofmpetition in the market. Even if it has
sufficient evidence to deduce that a significasséning of competition would result from the
initial merger proposal, it may be difficult to dgs appropriate remedies; i.e. remedies that
adequately address the competition concern witlhiuecessarily restricting the freedom of
firms to seek efficiencies and profitable opporties. The purpose of an investigation is to
discover relevant information, but such inquiries eostly. An immediate problem is that the
merging parties do not have the incentive to rettgalruth because they would prefer to keep as
many assets as possible, especially those thatdwemiiance market power. Nevertheless, the
agency, or whoever designs the rules that the gges to follow, does have one advantage, in

that it can design the framework in which firms éaw negotiate.

The essential structure of our model is as followlse agency would like to find the 'true
remedy' that would resolve competition concernshwitinimum intervention. As a first
approximation, the firm knows this while the agemdges not, so it conducts a Phase |
investigation to obtain an independent estimatehef true remedy. One determinant of the
accuracy of the agency’s estimate is the amoumeésdurces that it invests in the investigation
(e.g. time, number of people, use of experts). fliise phase of investigation is not perfect, so
the agency can make a mistake Appreciating this, it compares the results of dsn
investigation with any remedy that is offered bg therging firms. If the offer is supported by
the results obtained from its own investigatiorentlthe agency approves the merger subject to
the proposed remedy. Otherwise, it proceeds imosecond phase. In Phase Il, the agency
conducts a more detailed investigation with mosoueces (e.g. four months in the EU) and
consequently greater accuracy. Such a detailesbiigation is costly for both the merging firms

and the agency.

The questions that we try to answer are:
* How does the 2-phase inquiry structure affect natgd outcomes?
* How efficient is the remedy negotiation procesgewvealing the truth?
* What types of error are more likely and under wimatditions?
* Do merging firms get information rents in remedygaotgation?

* Should firms prefer a more or less well resourapehay?

2 In the EU, the agency has just one month to agprthie merger in Phase |.
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There have been few attempts in the literaturaltvess the issue of bargaining over remedies in
merger regulation. Farrell (2003) was one of thst fio discuss a bargaining model of remedy
negotiation between an antitrust agency and mergerges. He applies Nash bargaining to
determine the appropriate welfare standard of apetition agency which values efficiencies
due to a merger. Glazer and Rubinstein (2004) ktothe underlying issue more generically.
They develop a persuasion game model in which aréy da speaker) wishes to persuade
another party (a listener) to accept a certain @seggurhe value of the request depends on two
parameters. These are known only to the speakele e listener can check the value of only
one. The authors derive an optimal rule that datesthe listener's response: which parameter
to check and whether to accept or reject the spsalezjuest. Although they do not apply their

model to remedy negotiation, it is close in struetio the single phase version of our mddel.

The next section sets out our characterisation efger remedies and other main modelling
assumptions. Our main propositions are in secfipmand section 3 briefly discusses some
potential extensions. Section 4 concludes.

1. TheModd

a) Sequence of Decision Making

The timing of the game is shown in Figure 1:

1) Merger decisionfirms decide whether to propose a merger in thewkedge that it would
enter the merger approval process.

2) Phase 1the agency conducts a limited investigation eftierger; the firms can, if they wish,
propose a remedy package before the agency makegdision either to approve the merger
(subject to any proposed remedy) or to refer tlse ¢a a full Phase Il investigation.

3) Quit option firms can either proceed to Phase 1l or opt @nalon the merger.

4) Phase i the agency further investigates the merger, witre resources and precision; the
firms can propose the same or a different remediyréehe agency decides whether to approve
the merger (subject to the remedy proposed by #rgimg firms) or to prohibit the merger.

% In a similar vein, the bargaining process we dbsarould be applied to any situation with asyminétformation
between two parties, and where the party with mdfegrmation wants to retain the maximum possiblean of
assets but the party with less information wanigdon and enforce a ‘true’ or ideal distributidressets. For
example, this may be relevant for certain divoncarmyements where out-of-court settlement wouldhmaper but
less informed than a fully litigated outcome.



Figure 1: Sequence of Decisionsin Merger Regulation

\ 1. Merger !
, Proposal M| ——> No merger proposal
FTTTTTTTTTTo ! Firms propose merger (with remedy offer)
' 2. Phase |
o | CA |y .
- > Agency approves merger (subject to remedy)
pToTTITT T ! Agency refers merger to Phase Il
+ 3. Quit :
+ Option : M |4
"""""""" ' > Proposal withdrawn
P ITTTe ! Firms make Phase Il remedy offer
' 4. Phase Il :
L | CA |y .
> Agency approves merger (subject to remedy)
v

Prohibition

Notes to Fig.1M is an action taken by the merging firms; CAarsaction taken by the

competition authority.

Our model leaves the design of the remedy entiretye hands of the merging firms, with the
agency holding veto power. This is a reasonabdeadterisation of the EU system where firms
must adhere to strict deadlines in making theialfproposals in each Phase (i.e. stages 2 and 4
of the game) before the agency decides whethecdepa or reject the offer. However, other
institutions can have different negotiation struetu For example, remedy proposals may be left
in the hands of the agency, with the firms choosingy to accept or to reject the agency’s

proposal’ In general, this would lead to a different oumes

* For example, the UK Competition Commission malkeal foroposals (stage 4 in our game) in this wah the
firms having veto power in the sense that theywalk away from the merger proposal. Note that umrither
system, there can be communication and discusbiout gotential remedies and consequences pridwetéinal
offers. In our model, this is subsumed within digency’s general information gathering.

® With such powers, the agency might conditioniitalfdecision on both the firms’ offer and its oimnestigation.
It may also try to restrict the information it réees. At one extreme, it could ignore any remethppsal coming
from the merging firms, and rely entirely on itsmimvestigation. This would lead to different cutees to our
model. Alternatively, if the agency could credilbgstrict itself to a choice between the firmsdiioffer and a
prohibition, then this would be effectively the saas in our model.
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b) Characterisation of Remedies

We suppose that the assets of the acquired firmbearepresented by a unit line. Assets are
arranged by competitive impact such that those g#dlst competitive impact are located at zero,
and those with most harmful competitive impact laated at one. We assume tklagre isa
partition of assets such that those located ata'~ have no significantly adverse effect on
competition, whilex > '~ would significantly impede competition if joinedttv the acquiring
firm's asset$. a™ 0(0,1) characterises the ‘true’ remedy in that if allesdabelled: > o™

were divested, the merging parties could retaimbhg&imum possible assets that would leave the
degree of effective competition unchanged. Fomle, assets located at< a'~ may be in
non-competing markets, or the merger may lowerscesth that customer price and service
would be unchanged (or improved) despite the merfgeds larger market share. If the
outcome isa = 1, the merger proceeds without remedy, and 3 0, the merger is completely

prohibited or abandoned. Any agreed! (0,1) represents a potential remedy.

Figure 2: Characterisation of Harm and Phase | Remedy Offer

Socially Beneficial Merger Socially Harmful Merger
—eeeeeeeees e i ———

Remedy offer Remedy offer
always accepted never accepted
- <
I TR
0 : a 1
aR-g | a R+ o
Prohibition : No
[ Remedy

Notes to Fig. 2a' is the ‘true’ remedy (i.e. the remedy that wowddult in the optimal merger
such that the social benefits of the merger areimiagd); «° is the optimal Phase | remedy
offer made by the merging firma'® + o measures the maximum inaccuracy of the agency’s

Phase | investigation.

® We refer to acquiring and acquired firms for dhadf exposition. It does not normally matter whifirm’s assets
are being characterised on the unit line.



This simple characterisation allows us to focustlo® negotiation process without having to
make specific assumptions about underlying martkattsires or models of competition. While
it is only an approximation to any particular sétcocumstances, there are several cases for
which this may be reasonable. For example, negmiaver remedies in the Cournot model
with capacity constraints. The agency and the mgr§irms decide on the amount of divested
assetsd = capacity) that would resolve competition consetlne to the mergér Alternatively,
negotiations may be over a threshold level of madamcentration and/or pattern of market
shares that would make collusion more difficulg(eMotta, 2004). In a differentiated products
model of a merger with multiple brands, the divesé of different portfolios of brands would
lead to different market outcomeg;would represent the content and range of the redai
portfolio of brand$ Similarly, o could represent a ranking of transport routes wihying
degrees of overlap and substitutability. Anothesgible interpretation is thatrepresents the

amount and/or price of access to an essentialtfacil

c) Information

a'™® is known by the firms but not by the agency. Asesult of its Phase | investigation, the
agency obtains its own estimate of the requiredetBnx;. This signalx; is assumed to be
unbiased in the sense that it is drawn out of tegillution ofx with meana™®. For simplicity,
we assume the distribution to be uniform such thatU[a"", 6%/3], so '~ =0, a'~ + 4] is the
range. Both the agency and the firms know thervateof the distribution is @ but only the
firms know the true mean. In other words, the agdmows the width of the interval out of
which it drawsx; but not the position of this interval on [0, 1However, we do assume the

agency knows that the merger is remediable, sa0'< s anda'" +5 < 1°

o is exogenous to any particular merger. It depemwdshe prior allocation of resources to the
agency and the inherent complexity of the competippraisal. For ease of interpretation in
deriving results, we focus on the availability dfaBe | resources or effort, such that the variance

of the distribution ofk is determined by the amount of resources avail@btbe agencye. The

" In this paper, we do not address some importatioal problems of implementing agreed remedfesr.
example, merging firms and the buyer of divesteztsshave an anticompetitive incentive to crippént in order
to reduce capacity in an industry, compensatindther with a lower purchase price (Farrell, 2008)Je assume
that divestitures can be made to work as longasgiency is sufficiently careful (e.g. appointimgegeover
trustees).

8 It is possible that there are more than onedrtreat would eliminate competition concerns, in whiase the
agency should consider the Pareto efficient setrdebed by potential merger efficiencies.



more resources invested, the smaller the ran§e)<0, with ¢"(€)>0. Finally, if there is a
second round (Phase Il), then the agency and the lfiear exogenous costsy Kand Ke
respectively, and the agency receives a more aecsaignal,x,. For the formal results of this
paper, we further assume that this signal is ptyfeccurate, so the agency would learn the true
remedy following a Phase Il inquiry. We leaveadtlater to discuss the implications of this

assumption.
d) Firms’ Objective

We assume that the expected profit enhancementtfiermerger is proportional to the fraction
of assets that the firms retain after remediesapproved by the antitrust agency. Profits would
increase byr if no remedy was required (i.e.df= 1). Clearly, the firms want the agency to

agree as high amas possible.

The objective of the merging firms is to choosemedy offer so as to maximise expected profit

(as compared with the pre-merger situatiom)® D[O,l] is the remedy offered by the merging

firms in Phase I, andr®° D[O,l] is offered in Phase Il (if reached). The mergimm$ are risk
neutral so their objective is:

Max ., . {P{Approvain Phasd)a®7+[1- P{Approvain Phase)[P{ Approvain Phasdl )||a°°- K. |
1)

Note that the probabilities of approval will deperdthe remedy offers. Given our assumption

that the agency knows - after Phase Il, the problem is reduced to theaghof an optimal offer

in Phase I:

Max {Pr(ApprovaIn Phasé )a°r+[1- P{Approvain Phase)] [aTRn— KFJ} (1a)

e) Agency Objective and Errors

Many agencies, including the EU, USA and UK, aneegia delegated objective to ensure that
mergers do not result in a ‘substantial lessenfngpmpetition’ or some similar wording. This

is widely interpreted by competition agencies tcaméhat the merger should: a) not create any
consumer harm; and b) subject to this priorityt firans should be allowed to maximise profits

° We assume a uniform distribution only for simpiciand similar results are obtained if we uséamgle or any
other distribution with a finite support within (D).

1 The ECMR (1989) had an objective based on theemtraf dominance, which was revised in 2004 to enthat
there was no ‘significant impediment to effectivampetition’ (known as the SIEC test).
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as they see fit. This lexicographic objective lsatwve assume for the agency in our model. The
agency’s decision should also be supported by se&lsuch that it can be justified in court.
Thus, the agency is concerned that if it has evidehatz > o', enhanced market power would
harm consumers (relative to pre-merger) so it sheaject such a remedy offer; but if the
evidence suggests thak «'", there is no expected harm to consumers so suetmedy should

be agreed.

While this is the objective delegated to the agericg appropriate to appraise the benefits and
costs of merger control (as distinct from the sasa# the agency in meeting its objectives) by a
broader welfare function. This may weight profitgual to consumer surplus, or possibly
somewhat less. We characterise this welfare fandiy the parametes , such that any > o™~
would reduce welfare byi[-a'"] @ compared with the optimum remedy. These welfafieces

are summarised in Figure3.

Figure3

Welfare effects of alternative remedies

T -~
Welfare -
(exclusive of -~
investigation

costs)

0

Prohibi
ronipiuon Total
welfare
No Slope
Remedy --w

Consumer
welfare

In addition, society should be interested in therag’'s costs of investigation,sKand the firms’
compliance costs, K Once again, there may or may not be differentasoveights attached to
such costs. We simply assume that the appropriateighted sum of these costs is K. Note that

Phase | investigation costs are inevitable givem blasic 2-phase system for all qualifying

1t would be straightforward to adapt the modehllow the agency some trade-off between profits @msumer
surplus.



mergers and exogenous resourcing for Phd&eFor this reason, we take no account of them
here. However, Phase Il costs are avoidable inttiey only arise due to a ‘mistake’ resulting in

failure to agree remedies in Phase |.

Given that there is a discrete possibility thatogeptially beneficial merger may be abandoned,
there are four qualitatively different types ofarin remedy selection. There may be: Type 1
errors associated with the agency accepting anssxeeremedy that prevents some profitable
opportunities that would not harm consumers; Type‘'drastic’ errors, arising if the merger is
prohibited or abandoned, despite there being desifeatures that could be remedied; Type 2
errors associated with allowing mergers that arenhd to consumers; and Type 3 errors
associated with incurring Phase Il investigation @ompliance costs when these could have
been avoided by reaching agreement in Phase I. d&8eribe Type 1 and Type 2 errors as
‘incremental’ in the sense that they arise fronhaice of remedy that is somewhat too strong (0
< a <a'™) or somewhat too limited (0 & < ), but which do not result in the discrete events
of no merger or a Phase Il investigatidnThe welfare cost of these errors can be measured

R

relative to the ideal remedy af= o'". Table 1 summarises the costs and occurrenceabf e

type of error.

Table 1: Errorsand Welfare L osses (Excluding Phase | Investigation Costs)

\Firms’' offel o TR o

TR
o <o o >a

Agency decisic\

[0 —a° 7

[6° =™ w

Approve
Type 1 Type 2
Prohibit (or firms o R o R x
abandon merger Type 1D Type 1D
K K
Enter Phase Il
Type 3 Type 3

121t would be a separate question to look at thesrébr a merger to qualify for scrutiny and theeleof Phase |
funding.

3 There is no equivalently drastic Type 2 error lisezeven if the agency wrongly accepted an offer=fl, this
would be qualitatively the same as what we haviedan ‘incremental’ Type 2 error. This servedltstrate that
the cost of an ‘incremental’ Type 2 error may bigéa than a ‘drastic’ Type 1D error, dependingzdfhand the
relative size ofp andr.



f) Agency Approval Rule

After obtaining its own estimate of the true (iJa@medy, the agency compares its preliminary
finding, x;, with the offer made by the firna°, and applies an approval rule. In this paper, we
consider the followingpproval rule if x; > a°, then approve the remedy, otherwise proceed to
the next phase. This is a special case of thardiapproval rule: approviéf x; > 6o°+¢. In
general, the process would be repeated in Phaseelithe firm makes an offex°°, and
simultaneously the agency picks up its own sigaaut of the distribution ok, where in Phase

Il, x~ U[a'}, 0,°/3] ando, < 0. As already stated, in this paper we assumethleaagency learns
the value of the true remedy for sure in the seqirase sop =o'~ ando, = 01

2. Optimal Offerswith Exogenous Agency Effort

It is convenient to define the following terms:
 Size of the remedy offer =14°
« Socially optimal remedy = 24"
« Excessive (deficient) remedy offer by the firmsif: —o° > 0 (< 0)

* Accuracy of the agency'’s investigation =4 /

. . " o
* Relative inaccuracy of the agency’s Phase | ingan =——
a

o The investigation is relatively inaccurate # 3 a'"

o The investigation is relatively accurate i 8"

* Marginal profit of asset retentionz=

) . K
* Relative cost of Phase Il to the flrms—=TF':—
a"n

« ‘The firms’ Phase Il cost relative to the agenclylsase | inaccuracy’ is defined as the
ratio of the relative cost to the firms in Phastolthe relative inaccuracy of the agency’s

Phase | investigation. We define this as:

o High if BUS&
T

) ) K
0 Intermediate ifc < —F <30
T

n this case, it is clearly always optimal for fivens to offera®° = «'" if they get to Phase II.
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o Lowif ﬁ<0’
Via

In order to identify the underlying mechanisms, pmceed by considering a single phase

investigation before extending to the second phase.
Case 1: Single Phase I nvestigation

The agency has a simple choice: either approveotteged remedy; or prohibit the merger.

Lemma 1 provides the merging firms’ optimal offer.

Lemma 1(Optimal offer in 1-phase investigatigns
If there is single phase merger control, the firmsimal offer is:

TR
\ +0 . * ,
a =7 5 9 ifa<35, anda =a R —cif a'* > 3.

Proof
The firms’ objective function reduces to:
Max , {Pr(ApprovaI in Phasé)aon} (1b)

™ +0]. If «® were to

The interval from which the agency’s evidengeis drawn is ¢~ — g,
fall outside this range, then the probability opegval would be either 1 (in which cas® could

be profitably increased) or zero (in which caSecould be profitably reduced). See Fig. 1. Thus,
o° must be chosen within this interval, and the philtig of approval of the offered remedies is

the following:
O _ TR
Pr(Approvalin Phasel ) = Pr{a® < x)=1-P{x < a°) = Pa®) = y{l— a Ua } 2

From (1b) and (2), the objective of the mergingnfir is Max ,{P{a®)a°s}. If there is an

internal solution, then the first order conditiande rearranged to give the optimal offer:

a

. a+o
= 3
5 (3)

The condition that this offer lies within the felalsi range (i.ea® > a'" =) is:

" <3 4)
If this condition does not hold, there is a cors@ution with
o =aR—g (3a)

QED
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Note that the size of the remedy offer by the fifeg. assets offered for divestiture) is always
increasing in the socially optimal offer, but nbvays one-to-one. However, there is an non-
monotonicity ing. If the investigation is relatively inaccurateetsize of the offer is increasing

in the accuracy of the investigation; but if iaiseady relatively accurate, then the size of offer
declines as the agency’s accuracy improves. Tiéion behind this non-monotonicity lies in
the quadratic form of the profit function with resptoa®. This arises because a larg8rraises
the profitability of an approved merger, but alse thances of a prohibition. Consequently, the
optimal offer lies between maximum (i€F + ) and minimum (i.e. 0) amount of assets that the
merging parties might feasibly retain after negadizs. A highet raises the maximum without
affecting the minimum. However, if the agencyusfisiently accurate, the firms find it more
profitable to cut out any risk of prohibition aralor their offer only to the worst selection of
evidence (from their perspective) that the agenightfind (i.e.a'~ —5). Proposition 1 sets out

the consequences for agency errors.

Proposition 1(Expected errors in 1-phase investigatipns

If there is only a single phase of merger control:

a) The optimal remedy offer made by the firms is egoes (i.e. creates a Type | error).
This error is decreasing in the size of the sogiafitimal remedy unless the investigation
is relatively accurate (in which case the erroiindependent ofx'"). The error is
increasing in the accuracy of the agency’s invesibg if the investigation is relatively
inaccurate, but decreasing if it is relatively aede.

b) The probability of prohibition is strictly positiv@.e. there is an expected Type ID error)
unless the investigation is relatively accurate, wahich case it is zero.
For relatively inaccurate investigations, the pbaion probability is increasing in the
size of socially optimal remedy and decreasing he taccuracy of the agency’s
investigation.

Proof

From (3) and (3a), the difference between the ¢ftex and the optimal offer is:
a®-a =yla™-0|>0 ifa™ <3, and (5)
a®-a =0 ifo'" >3 (5a)
(5) and (ba) are always positive by our assumptiwat the agency knows the merger is
remediable sa'~ —o > 0.

From (2) and (3), the probability of failure to egrand so also of prohibition is:

12



TR

1-pra)=1- yz_%am +%U—aTR} :}/{3_ aa

}>o ifa'" <35, and  (6)
20

1-Pra’)=0 if o™ > 35 (6a)
Thus, this probability lies in the range [0, 1] aisdstrictly positive when condition (4) holds.
QED

Observe that Proposition 1a doest arise from risk aversion — we have explicitly assd that
firms are risk neutral. The excessive remedy afetue to the drastic downside of a failure to
agree, which creates an asymmetry of payoffs imrmahg an offer that is slightly too big
compared with one that is slightly too small. Nttat because there is never a Type 2 error,
consumers always benefit, or at least never loee) fnergers with agreed remedies. Note also
that as long as condition (4) continues to hold,gize of Type 1 error is higher, tlwaver is the
socially optimal remedy (see equation 5) — therkigher error with less problematic mergers.
Proposition 2 evaluates the benefit side of in@dagency funding.

Proposition 2(Agencyresources and the cost of errors in 1-phase ingattng:

An exogenous increase in the resources availabkrigle phase appraisal leads to:

a) A lower welfare cost of error; in particular, altigh the cost of Type 1 error rises when
the investigation is relatively inaccurate (excessffers), this is more than offset by a
reduction in Type 1D error (risk of prohibition).

b) Higher expected profit for merging firms.

Proof. See Appendix.

Inasmuch as agencies are judged on either thairacy or cost of error, and because firms
would prefer to have a proficient and well-fundesnpetition authority rather than a weak one,
both have an incentive to lobby for more resoutodse invested in merger investigations. The
socially optimal level of resourcing, of course,uldbdepend on the shadow price of the taxes

that would have to fund any incredse.

! Up to a point, the firms may be willing to fundnse increase in accuracy themselves.
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Case 2: Two-Phase Investigation

Next, allow firms a second chance to agree remebigsat the cost of having to take part in a
Phase Il investigation. We begin by noting thahé& compliance costs in Phase Il outweigh the

expected private benefits of the merger, firms wWabandon the merger if referred:

Corollary (Mergers abandoned on referral to Phasg Il
If o'® 7 < Kg, firms would exercise their quit option if referedPhase II. In such cases,
Lemma 1 and Propositions 1 and 2 hold also for &phnvestigations.

The remainder of this section focuses on casesenPlease Il is not prohibitively costly.

Lemma2 (Optimal offer in 2-phase investigatigns
If there are two phases of merger control, completelation of the optimal remedy in Phase
II, and the firms do not face prohibitive costs whieferred to Phase II:

a’ =O'TR+}/2{J—&} if ﬁ<30 and a*=a -0 if MS&.
T T T

Proof
The firms know that the true remedy would be agiié#uky go into Phase Il, so their objective
Is:

Max . {Pla®)aCr+|i-Pa®)|a™7-K. | (7)
Suppose there is an interior solution. From (2 &A), the first order condition can be
rearranged to give:

a =a™®+ y{a —ﬁ} (8)

T
The condition that this is interior to the interfil@m which the agency draws its information (i.e.
o°>a'R—0g)is:

&<30' (9)
T

If condition (9) does not hold, then
a*=a®-o (8a)
Thus, from (8), (9), (8a) arld- >0, a” O[a™ -o,a™ + %o]. QED
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The size of the Phase | remedy offer by the firms always increases one-to-one with the size
of the optimal remedy. However, the non-monotdwpiti o continues: if the investigation is
relatively inaccurate, the size of the offer isreasing in the accuracy of the investigation; but i

it is already relatively accurate, then the sizeftér declines as the agency’s accuracy improves.
This effect, and a comparison with Case 1, istitated in Figure 4. A new feature introduced

by the second phase is the compliance cost of fietasive to the marginal profit of asset
retention. For high Phase Il cost to the firmatige to the agency’s Phase | inaccuracy, the size
of Phase | remedy offer increases with the compkarost of firms relative to the marginal

profit of asset retention.

Figure 4: Optimal Remedy Offersin Single and 2-Phase Inquiries

1 :

= 2-Phase

o : \/ (Case 2)
# = 1-Phase

ar N\ / (Case 1)

R : = contravenes

o~ [Kel2r] L~ assumption of

R i known
v P : remediable
| : harm
K|:/37Z' aTR/B aTR O.

Proposition 3(Expected errors in 2-phase investigatipns
If there are two phases of merger control, compietelation of the optimal remedy in Phase
II, and the firms do not face prohibitive costs whieferred to Phase II:
a) The optimal Phase | remedy offer may be either &stge or deficient: if the Phase I
cost to the firms relative to the agency’s Phasadcuracy idow, there will be a Type 1
error (deficient remedy); otherwise the error ol Type 2 (excessive remedy). Only in
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the ‘knife-edge’ case ofe = 4 will the firms offer exactly the true remedy (tnéul
Vi

revelation).

b) If the Phase Il cost to the firms liggh relative to the agency’s Phase | inaccuracy, then
the firms’ costs relative to marginal profits da adfect the error. Otherwise, the error is
increasing irkKg / 7 when there is a Type 1 error, and decreasing \teeerror is Type 2.

c) If the Phase Il cost to the firmsirgermediaterelative to the agency’s Phase | inaccuracy,
then the Type 1 error increases with the accurddheagency. Otherwise (i.e. either
high or low), the (respective Type 1 or Type 2) error decreagth agency accuracy.

d) The probability of a Phase Il investigation isdtyi positive, unless the Phase Il cost to
the firms ishigh relative to the agency’s Phase | inaccuracy, irclvicase it is zero. In
thelow andintermediatecases, the referral probability is decreasingath lthe accuracy
of the agency’s investigation, and the firms’ costsPhase Il investigation relative to
marginal profits.

Proof

From (8), the difference between the true remediytha optimal offer is:

a®-a = %[&—a} if Ke . 30 and (10)
T T
TR *_ ; KF
a"-a =0 if o0<s—— (10a)
T

There is no restriction for (10) to be either pesitor negative, and the offer is deficient if
K . : L .
—F <o (i.e. Type 2 error). On the other hand, if thiepfs excessive it cannot be as excessive
Vg

as in single phase merger appraisal (case 1) bedhesmerger would be abandoned before
going into Phase Il itr "77< K. . Comparing (5) and (10), if there is a Type bein case 2, it

must be less than in case 1.
For Propositions 3b) and 3c), see proof of Pramoséda) in the Appendix.

The probability of failure to agree in Phase |, aof referral into Phase ll, is:

O,TR +}/2[0._KF
m

20

1-Pra’)=1-| % -

j_aTR
=%{3——KF}>0 it e <30 and (1)
art VA
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1-Pra’)=0 if K—; >30 (11a)

The probability in (11) lies in the rand®, %). Also, because™r> K, the probability of

referral to Phase Il in case 2 must exceed thegibty of prohibition in case 1 (holding all

parameter values except the bargaining procedurgtaat). QED

Proposition 3 identifies another bias in Phaseniegy offers, which works in the opposite
direction to the asymmetry identified in single péanvestigations (Proposition 2). Consider
one extreme as & - 0, so firms can ignore the costs they would incuPhase 1. This
removes the downside of a rejected offer, so theyimg firms will try to keep a larger share of
assets. They have an incentive to bluff in ordewin approval of a deficient offer because this
would be better than being left with a guaranteBd If the agency’s market testing turns out to
be lucky for the firms, they win Phase | approvadl dhe agency incurs a Type 2 error. At the
other extreme, asg~> o'"x, so it would hardly be worth proceeding to Phdsénhe bias from
case 1 dominates (i.e. the large downside of ategjeoffer) and the agency incurs a Type 1

error.

Another way to interpret Proposition 3 is if we idefthe ‘size of merger’ as/ Ke. This defines
size by the potential to increase profit relatisecompliance costs, which are likely to exhibit
economies of scale. Proposition 3 then showsfiitmas involved in bigger mergers will offer
less generous remedies and are more likely to tgoHhase Il. Note that the latter prediction is
due to the bargaining stance taken by the mergingsf and isnot due to a judgement by the

agency that it is ‘not worth’ pursuing small merger that large mergers are more complex.

It is the interaction between this incentive tofb{ue. to make deficient offers) and the costs of
not reaching agreement in Phase | that createsotmglex effects set out in Proposition 3. For
example, the intuition behind Proposition 3c) idadkws. Start from a very inaccurate agency,

K . . .
such that—= < g and there is a Type 2 error. A reductiorviinduces the firms to make an
7l

offer closer to the optimum. However, as the ag®snaccuracy improves further, the ‘knife-
edge’ optimum offer is passed and the error swidbeType 1, which increases (as in Case 1)
with agency accuracy. Throughout both regionsetiea continuous reduction in Type 3 error
(i.e. probability of referral). Once agency a@my gets sufficiently high, firms pitch their offer
such that the Type 3 error is eliminated. The $irbalance of incentives switches to the Type |
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error, which they reduce by offering closer to thee remedy. Proposition 4 focuses on the

benefits associated with a better resourced agency.

Proposition 4(Agency resources and the cost of errors in 2-plvagestigations
If there are two phases of merger control, compietelation of the optimal remedy in Phase
II, and the firms do not face prohibitive costs wheferred to Phase Il, then an exogenous
increase in the resources available in Phase $ lead
a) A lower overall welfare cost of error ftow andhigh Phase Il cost to the firms relative to
the agency’s Phase | inaccuracy, andritermediatecases wherkr < K. However, a
sufficient condition for an increase in agency tgses tancreaseoverall welfare cost of

error in theintermediatecase isK < % K .

b) Higher profits except folow Phase Il cost to the firms relative to the agen&hase |

inaccuracy, in which case expected profits fall.

Proof. See Appendix.

Proposition 4a) shows that, unlike in the singlagghcase, the reduction in Type 1D error may
not always outweigh the increasing Type 2 erroagesncy resources are increased in a 2-phase
investigation. It suggests that there may be fcdlf lacuna for an intermediately resourced
agency, in which extra resources may be counteygotoek. This arises when the agency has
low costs relative to the firms and there is a koeial weighting on compliance costs of firms
relative to the agency’s costs. An implicationRybposition 4b) is that firms operating in a
developed country with a reasonably well-resouregéncy should support an increase in
resources for the agency to get it even more atsundiile firms operating in a developing or
transition country, with a very poorly resourced &amaccurate agency, might prefer it to be even

more handicapped so that there is more opporttmityuff a deficient remedy in Phase I.

3. Potential Extensions

One of the assumptions in the model is that the@gdiscovers the true remedy in Phase 2.
The optimal offer by the merging firms is then detmed by the maximum and minimum
remedies that the firms can obtain as a resuli@btargaining process. Suppose, however, that
Phase Il does not bring truthful revelation. Failag the logic of Case 1, the optimal Phase Il
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offer will be eithera** =a™ -0, or a** = y[a™" + 0,] . Suppose the Phase Il accuracy is

sufficient to make the former offer optimal. ltsgaightforward to show that the Phase | offer
will be eithera* =a™ -o or a* =a™ +}/{(0’—0’2) —(&H In terms of Figure 4, the
T

optimal offer lies between Case 1 and Case 2. ,Tthase can still be either Type 1 or Type 2
errors, though the likelihood of the latter is reed by an inaccurate Phase Il investigation.
Similarly, the firms may either raise or reducethhemedy offer in Phase Il (if reached). The
firms may either increase or decrease their offéthase Il compared with Phase I, but the
direction of change no longer maps neatly into Whethe Phase | offer was excessive or
deficient’® The probability of referral is increased as tkpested Phase Il outcome worsens for
the firms. The comparative statics ®@remain the same, but it is agifs reduced by, > 0.

Thus, whilst modifying some significant detail, 2lmore general case does not add new insight
into the underlying mechanisms and nature of rencetigomes”

Another of our assumptions is that the agency asssnple, evidence-based rule for remedy
appraisal. Alternatively, it might try to inferahtrue remedy from the size of the firms’ offer.
This would imply a signalling game in which thenis may recognise how their offer will be
interpreted, and try credibly to persuade the agéacaccept the minimum remedy. We have
chosen not to pursue this modelling route becaapart from the sophisticated calculations
required of both sides, it would likely fall fouf the appeals process. In practice, when agencies
are tempted to require remedies without evidersigdport from their own investigations, the

remedies are likely to be dismissed by a judgbeabppeal stage.

A third variant of the model would be to endogeraggncy effort, allowing it to decide how
deeply to investigate the merger in Phase |, canwit on the information it has available at the
time. This would require extending the model tdude certain easily observed parameters (e.g.

firm size) on which the effort level could be camained.

' \Which is the case in our ‘full revelation in Phaenodel.
" The qualitative results remain the same if condiiare such that the optimal Phase Il offerlstiVes room for a

prohibition (i.e. whena * * = %[a™® + ¢,]. In this case, the optimal Phase | offer is

%
16

prohibition is the same as in equation (6), buhwitreplacinge.

a=%a™ +}é|:0'—KF:|+
Vs

TR)?
[}{aj ] which is decreasing it in therelevant range. The probability of a
02
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4. Conclusions

This paper provides a first attempt to understama butcomes are determined by the standard
institutions of merger control. In particular, i@us on the internationally standard 2-phase
investigation structure and remedy negotiationthefform practiced by the EC (i.e. firms have

the last chance to make offers in each phase,l@n@dmmission can only accept or reject, but
not modify these last offers). We find that thare inherent biases in remedy outcomes, and
identifiable circumstances where offers will be essive, and where they will be deficient. In

particular, we find clear circumstances in whichm offer excessive remedies. This goes
against a possible intuition that firms should extge extract an information rent for possessing

superior information about the true remedy.

In principle, some of these predictions could beficmed or rejected empirically. For example,
our model predicts that a Phase Il investigatiodatermined by factors affecting the incentive
of the merging parties to offer more or less gengnemedies early in the investigation (e.g.
compliance costs of Phase I, inaccuracy of thenagen Phase I) and not necessarily by the
potential harm of an unremedied merger — plentyaténtially harmful mergers are remedied in
Phase I.
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Appendix

As we assumed earlier in the paper, the more ressunvestede, the greater the accuracy of

the agencyg’(€)<0. For ease of exposition, we take the derieatt different functions with

()

respect tw, rather thare, noting that if? >0, thena— <0, andvice versa
o e

Proposition 2a

a) The cost of Type 1Brror is non-increasing:

TR+0.

i) From Lemma 1, ifa™ < 30, the firms offera* = . Also, the probability of

. The cost of Type 1D error [ Pr(@*)]a™ 7.

* _~IR
approval isPr(a*) = y{l—u}

40*

- TR TR TR \2
o(1-Prnla™m _ o ([3_a™ | w | (@™ f7_,
00 do\|4 4o

S’a(Type].D(;Error Cos) <0,
€

i) If a™ >30 the firms offera* =a™ — o and Pr(a*) = 1

Thu

S O0(Typd.DError Cosf) _ 0
' oe -

Thu

b) The cost of Type 1 error is increasing when tivestigation is relatively inaccurate

(a™ <30) and decreasing when it is relatively accurat&(> 30 ):

)If a™<30:
O(TypelError Cos) _ d([a™ -a®]Pr@))m) _ 0 [ 7z( (@™)° _oll=7 a™\ _1l<0
00 0o oo\ 8\ o 8 o
Thus, 0(TypéelLError Cosi 50,
0e
i)If a™>30:
o(Typel Error Cosf) _ A([a™ - a*] Pr(@*) n) =i(07'[) = 750
oo do 00

S’a(TypeII‘Ea;ror Cosi <0.

Thu
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c) The total cost of error decreases throughout.

)If a™<30:

0o 0o 8 ra

d(TotalCostof Error) _ 9([1-Pri@*)]a™m+[a™ - a*] Pr@*) ) _ LTH UTRJZ _1} >0
o

This holds because™ > ¢ by our assumption that the agency knows the mésgemediable.

0(TotalCostof Error)
S, ” <0.

Thu

J(TotalCostof Error) _ 0(Typ€elLError Cos) <0

iyIf a™>30:
oe oe

Proposition 2b:

TR

* _ TR
a) If a™ <30, the firms offera* =< 2+J , Pria*) = }/2|:1_u]
o

: * TR TR ?
d(ExpectedProfit) _ d(Pr@*)a*m) _ o (7 19" (aTR+0') Al (@) o
0o 0o oo 8 o 8 o

This holds because ™ > o by our assumption that the merger is remediable.

S’6(Expec(;ted3rof|t) 50,
€

b) If a™ >30, the firms offera* =a™ - o, Pr(a*) =1:

Thu

d(ExpectedProfit) _ d(Pr(@*)a* n) _ <0, Thus, 0(Expected Profit) _
0o oo 0e

Proposition 4a

i) The cost of Type 3 error is non-increasing:

a) If Ke o, the firms offera* =a™ +1(U—&j, and Pr{a*) = | 1-——
3 2 s

d(Type3 Error Cos) _ d([1- Pri@*)|K) _ 0 3_K[1_ Ke } _ KK -0
il 0o do\ 4 3w |) 4o’

S’a(TypéB Is(raror Cos) <0

Thu
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b) If % > o, the firms offera* =a™ — o and Pr(a*) = 1
T

S 0(Typs8 Error Cosf) _ 0
’ oe

Thu

i) The cost of incremental errors:

a) Isdecreasing if the firms’ Phase Il cost relativag@ncy’s Phase | inaccuracyasv

(leo >ﬁ); the firms offera* = a™ +%(U—ﬁj, which is deficient g* > a™).
T

T
* 2 2
d(Type2Error Cost) :6((a —aTR)Pr(a*)w):i wo 1_(&) _w 1+(&j >0
0o 00 do| 8 o 8 o
Thus,a(TypéZ Error Cosi <0.

0€
b) Is increasing if the firms’ Phase Il cos@atele to agency’s Phase | inaccuracy is

intermediate

(i.e.:—F <0< &); the firms offera* =a™ +%(a—ﬁj, which is excessived* < a™);
T T T

d(Typd. Error Cos) :6((aTR—a*)Pr(0'*)ﬂ) :i(ﬂ[KFZ UD: ”(_ Ke® _1J<o

filog il oo\ 8| o 8| o’

S’O(Typd Iz;ror Cos) >0,

c) Is decreasing if the firms’ Phase Il cosatige to agency’s Phase | inaccurachigh

Thu

(ie.o <%); the firm offera* = a™ — o, which is excessivet* < a™); Pr(a*) =1;
T

o(Typd. Error Cos)) _ 0((crTR —a*)Pr(a*)ﬂ) _ d(om)
0o 00 0o

=7>0.

S’a(Typd I(E}rror Cos) <0
€

Thu

lii) The total cost of error:
a) Isdecreasing if the firms’ Phase Il cost relativagency’s Phase | inaccuracyasy

d(Total Costof Error) _ 9((1-Pr(@*) K +Pr(a*) (a* —aTR)a)) _KKe L w 1+(KF jz -0
oo ilo) 4o’ 8
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O(Total Cost of Error)
S, % <0.

Thu

b) Is decreasing if the firms’ Phase |l cost ligato agency’s Phase | inaccuracyigh

(Leo < %); the firm offera* = a™ - o, which is excessivePr(a*) = 1
T

d(Total Costof Error) _ 0 (. _ w®_ o)) 0 _
— _60'((1 Pr(a*)K+Pr(a*)(a a )ﬂ) a0_(077) >0,

J(Total Cost of Error) <0
' de '

Thus

c) May be either increasing or decreasing iffittres’ Phase Il cost relative to agency’s Phase |

inaccuracy isitermediate

(i.e.K—F <o< ﬁ); the firms offera* = g™ + J—& , Which is deficient ¢ <a™):
3 T 2 T

d(TotalCostof Error) _ d([1-Pr(@*)]K + Pr(a*) (aTR - a*)a)) _
00 oo

ERE M GRIOI )

2
This may be either positive or negative. Howevierces(KﬂJ O (%, ,1) in the intermediate

F

range, a sufficient condition for the above expes$o be positive iK > Kg, and sufficient for

it to be negative iK < %K.

Proposition 4b

if o> Ke
3
d(Expected Profit) _ a(Pria*)a* m+[1-Pa*)a™m-K. ) _
oo oo
TR 2 TR 2
:i i ZaTR+%+0—— & 1 +1 3aTR;T_a Ke -3K, +KF =
do| 8 7O m) o) 4 o V1o
K 2
=E(l—(—FJ J> 0 if o >ﬁ, otherwise (.)<0
8 Vi T
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S J0(Expected Profit)
’ de

Thu

. Ke . , ,
<0, if o>—F (i.e.low Phase Il cost to the firms relative
Vg

to the agersciyhase | inaccuracy)

q J0(Expected Profit)
o0e

an

. Ke . . . .
>0, if o <—F (i.e.intermediatePhase Il cost to the firms
T

relative to thgency’s Phase | inaccuracy)

i) If o <% (i.e.high Phase II cost to the firms relative to the agen@®hase | inaccuracy),
7T

d(Expected Profit) _ d(Pr@)a* m) _o((a™ - o))
00 00 00

=-77<0.

usf?(Expec;t:dProflt) >0,

Th
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