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Chapter 1
General Introduction

This dissertation consists of three self—contained papdrieh contribute to dferent strands

of the literature on industrial organization and microemoic theory. In Chapter 2, | analyze
an incentive problem within a principal-agent employmesétronship when the principal
has better information about the jolffered to the agent. Chapter 3 examines market out-
comes when consumers are loss averse. It contributes tivettsgure on behavioral industrial
organization. Chapter 4 studies the allocation of ownerahid control rights within indus-
tries and its implication on competition. It links the liggare on industrial organization with
the corporate finance literature. The appendix containgpipendices of the papers in which
proofs and tables are presented. References of the papebe daund in the last chapter of
the thesis.

1.1 Informed Principal with Moral Hazard

In Chapter 2, | study the design of employment contracts wareemployer £principal) is
better informed about a jobfiered to an employee-agent). | consider how the principal
optimally incentivizes the agent given this informatioly@snetry by dfering information—
specific wage schemes to the agent.

While the optimal design of employment contracts, in whizhagent makes an unobservable
effort choice Emoral hazard), is well understood under standard assungptiouch less is
known about optimal contracting if the commonly made asdionmf symmetric informa-
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tion about job environment or jobftliculty is not met. This is particularly true if the principal
(rather than the agent) holds an informational advantageveder, situations like this can be
frequently observed in reality. For instance, consider rewployment contracts after early
resignation or dismissal of professional conductors in @hestra, coaches at sports teams,
CEOs, or politicians. In such settings principals can aseeformation about the circum-
stances which initiated predecessor’s replacement maily ¢han external successors and,
therefore, are better informed about the quality of the veankironment or the diculty of the
job. There is also a clear moral hazard problem with resgestitcessor’s futurefert deci-
sion. Furthermore, since replacement decisions are veggnurprincipals often do not face
other means than wagéfers to convince successors of the high quality of the workrenv
ment although other means a$aving time for consideration or talks with other employees t
potential successors could be less costly to the prindipiare was no urgency. Finally, a po-
tential external successor receives some information tipire public about the replacement,
namely whether the orchestra or sports team was succestsfiyl before the replacement took
place or not. In my model this kind of public information terout to be crucial for the optimal
incentive scheme given to the agent.

In the main part of Chapter 2, | first consider contractingamaoral hazard but full sym-
metric information as a benchmark case. Here, the agent\assdirectly whether the work
environment is favorable or not, but agentfgoet choice remains unobservable to the princi-
pal. In the example from above, it can be thought of an inteauwecessor who already knows
whether the current orchestra or sports team is of high ogaality. There arises a tradefo
for the agent between spending highoet for favorable work environments if this increases
the expected wage payment a lot and spending Ibdartefor favorable work environments if
the expected wage payment is already very high relative fmvorable work environments.

Then, | turn to the setting in which only the principal is infeed about the quality of the
work environment. | analyze how a principal with favorabtormation optimally signals
his information via wage foers to the agent and how thiffects the agent’sfiort choice.
Surprisingly, | find that in this case contracting can becanwe dficient with respect to
agent’s &ort choice than under full symmetric information. This et novel fficiency
result and is the main finding of Chapter 2.

At the end of the main part of Chapter 2, | show that the prialcipth favorable information
prefers to pool with the one with unfavorable informatiothié probability of facing favorable
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information becomes very high.

1.2 Pricing and Information Disclosure in Markets with Loss—

Averse Consumers

In Chapter 3, the impact of the behavioral bias “loss aversom market outcomes as pric-

ing and advertising levels is analyzed. Here, consumersargidered to be loss averse with
respect to two dimensions—expected purchase prices argttexptaste from product char-
acteristics. Loss—averse consumers put a higher weighisses$ (in the price or taste dimen-
sion) than on gains of equal size relative to their referggmat (=expectation about future

outcomes).

There is a growing literature in behavioral industrial eangation that analyzes market out-
comes when consumers show specific behavioral biases agsanesa about product add—
ons, naivety, overconfidence, or loss aversion. As is shopwabious field studies and ex-
periments, those behavioral biases play an important rotkily consumer behavior. It is
therefore interesting to ask, under which circumstancessfinight want to exploit boundedly
rational consumers and when there might be a need for comqurotection policies.

The existing literature on consumer loss aversion predicfiser prices in markets with hor-
izontally differentiated products when firms do not have knowledge of theils’ costs (cf.
the paper by Heidhues and Koszegi (2008)). The model predgentChapter 3 of this the-
sis considers a similar market environment but allows firoosts to be common knowledge
since market participants know each other already. Thidiepp markets in which costs
are determined by firm size due to scafeets. Moreover, we focus on products for which
price information is more easily accessible than inforora@bout product characteristics as
for instance clothing or electronic devices. As a noveltg, highlight that information prior
to the moment of purchase matters if consumers are lossegw@nce product information
plays an important role already at the stage at which log'sa\consumers form expectations
about future transactions{orm their reference point).

We postulate that, to make their consumption choices, & se consumers form their prob-
abilistic reference point based on expected future trdissecwhich are confirmed in equi-
librium. Here, a consumer’s reference point is her prolistiglbelief about the relevant con-
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sumption outcome held between the time she first focused @wle¢bision determining the
consumption plan and the moment she actually makes the gsech

We distinguish between “informed” and “uninformed” cuskns at the moment consumers
form their reference point. Informed consumers know theal taste ex ante and will per-
fectly foresee which product they will buy. Therefore theil wot face a loss or gain in
product satisfaction beyond their intrinsic valuation.

Uninformed consumers, by contrast, are uncertain abolt ideal product characteristic:
they form expectations about thefférence between ideal and actual product characteristic
which will serve as a reference point when evaluating a pcbdilong its taste dimension.
They will also face a gain or a loss relative to their expedistributions of purchase price
after learning the taste realization. Since we assume lil@tresumers become fully informed
before they have to make their purchasing decision, we cdatesthe &ect of consumer loss
aversion on consumption choices and abstract from fiieets of diferent information at the
moment of purchase.

Our main finding is that loss aversion—or, more precisely,dtesence of more ex ante unin-
formed, loss averse consumers—may lead to lower pricedwvigia stark contrast to the ex-
isting literature on consumer loss aversion. Moreoversthadard result that more informed
consumers (or more consumers without a behavioral biad)ttebower prices is challenged
in our model when firms are strongly asymmetec@st diferences between firms are large).
The driving force behind this result is that loss aversioihi@ price dimension has a pro—
competitive &ect while the &ect of loss aversion in the taste dimension is anti—comypetit
The pro—competitiveféect dominates the anti—competitiviext if the size of loss aversion
in the price dimension becomedBciently large. This occurs if the priceftérence becomes
large, which is caused by strong cost asymmetries. In thuatson uninformed consumers are
very reluctant to buy the expensive product and rather agérge reduction in taste when
buying the low—price product.

We also link this result to firms’ private incentives to dssé information about product char-
acteristics at an early stage, i.e. to firms’ private inca#ito advertise. We find that firms
want to advertise in strongly asymmetric markets, whilergwerse holds true in rather sym-
metric markets. Moreover, in symmetric markets we prethetrteed for consumer protection
policy to be highest.
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1.3 Ownership and Control in Differentiated Product Mar-

kets

In Chapter 4, we study the equilibrium allocation of owngusind control rights within hori-
zontal industries and its implication on competition.

Cross ownership arrangements between firms are widesypaaidularly in Europe and Japan
(cf. Allen and Gale, 2000). In Chapter 4, we therefore ask lmmentives, to undertake (par-
tial) financial investments, depend on market parametetswuat the influence of ownership
structures on allocative decisions is. We are also intedastthe question whether it can ever
be optimal to acquire cash flow rights without control riginta. competitor although horizon-
tal integration increases profits. Moreover, we study wiethdirect financial investment by
an investor can ever be preferable to a financial investmiara firm controlled, but not fully
owned by the investor.

We analyze the equilibrium allocation of ownership and oalnights in a static duopoly. Af-
ter acquisitions took place, firms sell a horizontallffelientiated product and simultaneously
set prices. Initially, an investdg holds a controlling stake in one firm and decides whether to
acquire a stake in the other firmatarget firm) angbr an additional stake in the initially con-
trolled firm. Moreover, the investor can initiate a crosseistvnent of the initially controlled
firm in the target firm to indirectly participate in the tardiem’s profits.

The acquisition of shares has twfiexts. First, the acquisition is associated with cash flow
rights on the target firm’s profitsl; will internalize their éfect by appropriately setting the
initially controlled firm’s price. Second, if; acquires enough shares, she gains control in
the target firm as well. She then sets both prices so as to nmeimar portfolio return. The
threshold of shares to gain control is assumed to be exogerwa think of it as being the
lower, the more dispersed the remaining ownership in thedirnalternatively speaking, the
less shareholders are able to coordinate their votes aghsoisions favorable to our investor
7.

Against the standard idea that under no restraint the rawdeitd want to overtake the tar-
get firm, we find that both partial and full acquisitions maisey and control of the target
firm is not always desirable. In some cases, cross ownerstg@pgements between firms are
undertaken, whereas in others they are dominated by a dikesttment of investolr.
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Our qualitative results are robust to extensions of the rtodrore than two firms and settings
in which the investor controls a second instrument as e gf.reducing investments, while the
price instrument of a firm is under managerial control.



Chapter 2

Informed Principal with Moral Hazard

2.1 Introduction

2.1.1 Motivation

New employment contracts, particularly those after eagbignation or dismissal of prede-
cessors, show a specific kind of information asymmetry, mamevate information on the
principal’s side, which is distinct from the one in standprdblems. In such settings princi-
pals can access information about the circumstances wiitchtéd predecessor’s replacement
more easily than external successors and, therefore, tisx bdormed about the quality of
the work environment or the fiiculty of the job. Moreover, if concerns about successors’
ability do not arise due to track records, private inforrmaton the principal’s side constitutes
the main source of information asymmetry. However, morabn@with respect to the succes-
sor’s future &ort decision is likely to demonstrate a second restrictioefbcient contracting

in this context. Finally, since replacement decisions @y wrgent, principals often do not
face other means than wagears to convince successors of the high quality of the work-env
ronment although other means d&eoing time for consideration or talks with other employees
to potential successors could be less costly to the prihdiffeere was no urgency.

Models with informed principals and adverse selection len studied intensively by Maskin
and Tirole (1990, 1992) and others. However, much less cs@ainformed principal mod-
els in which moral hazard is the main limitation on contnagti In the following | consider
an informed principal model with moral hazard on the agesitie. Here, only the principal
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knows the project type heflers to an agent who is supposed to exert unobservé#iole en
the project. | want to show how the agent’s equilibriufiog decision is altered, if the princi-
pal holds private information about the expected outconmajects and the principal’'s wage
offer is the only means to signal the project type to the agertei@nt pairs of project types
are considered and welfare implications are drawn aboutdwwracting is #ected by the
degree of complementarity betweefioet and project type.

| define the degree of complementarity to be high if the goaget, whose success probabil-
ity function | assume to have a steeper slopefareéthan bad projects in general, additionally
shows a sfiiciently low intercept of the success probability functidine degree of comple-
mentarity is low, or equivalentlyfort and project type are substitutes here, if the intercépt o
the good project is much higher than the one of the bad profebigh degree of complemen-
tarity following this definition corresponds to a highdfaet elasticity of the good project’s
success probability function. Moreover, the degree of dempntarity describes whether it is
easier to motivate the agent to spend higbre levels for good projects than for bad projects.
If the degree of complementarity betweelffioet and project type is particularly high, then
shirking at a good project is relatively unattractive foe ggent, while the reverse holds true
for effort and project type being substitutes.

My main finding is that contracting under moral hazard ansggte information on the prin-
cipal’s side leads to a mordtient gfort choice than contracting under moral hazard and
symmetric full information if &ort and project type are complements, i.e. if the success
probability function of good projects shows a steeper sk a not too high intercept. The
reverse holds true forfiort and project type being substitutes, i.e. if the succesbability
function of good projects shows a steeper slope andfac®ntly higher intercept than bad
projects. In the latter case the additional informationnaisyetry distorts contracting under
moral hazard even further with respect ftoet choice! | also identify cutdf levels of slopes
and intercepts for good and bad projects such thattechoice is not altered by the principal
being endowed with private information.

With high complementarities, the principal with the goodjpct separates from the one with
the bad project in equilibrium by increasing the premium\egits level with project observ-
ability. This also increases the agenti¥oet choice above its level when projects are fully

1This finding is in line with Inderst (2001) who also prediateiemental distortions if moral hazard and
private information on the principal’s side are combined.
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observable ex ante. The intuition behind this mdticency result is that mimicking a good
project might become less profitable for a principal endowét a bad project if the wage
contracts for good projects are relatively high—powereal, induce the agent to choose a
relatively high éfort level. This requires, however, that high—powered wagsracts are
suficiently profitable for good projects. This is the case if kinig at a good project is less
attractive for the agent since success probabilities affecuntly low at zero &ort, which
corresponds toféort and project type being complements. Note that the gralavith the
good project is not betterflohere although totalficiency increases. The reason for this is
that preventing the principal with the bad project from niking makes the principal with
the good project weakly worsdfo Thus, the agent solely obtains th@@ency gain.

This setup applies to new employment contracts for prodessgiconductors, coaches, CEOs,
or politicians after early resignation or dismissal of thedecessor. External successors for
these kinds of jobs clearly face an informational disadageatsince they cannot fully access
what caused these incidents. Were problems purely prestaespecific or were they also
related to the quality of the orchestra, the sports teanfjrtneor the dificulty of the mission?
On the other hand, the problem of private information abaogtessor’s ability is mitigated
by the importance of reputation for those kinds of professid assume a potential successor
provides sticient track record. Moreover, moral hazard with respediéosticcessor’s future
effort decision is a big issue for those jobs. The distinctiotwieen éfort and project type
being complements or substitutes can be linked to infolwnadpen to the public about the
replacement. | will focus on the conductor—orchestra exariipm now on.

For complements consider a situation in which the orchedtracted less audience lately and
the predecessor was dismissed due to bad performance doyjuérself. In this situation a
successor has to initiate drastic modifications to makedkepially good orchestra successful
again. It can be thought of a higher practice frequency aaddhearsal of dierent musical
scores. However, spendingf@t will be less attractive for a new conductor if the orchast
turns out to be limited in quality of musicians, i.e. beingoafd type at least in the short run.

Substitutability betweenfiort and project type occurs if the predecessor resigneg &arh
her contract due to private reasons or due toféer drom another potentially better orchestra
although the current orchestra performed well lately. Arosituation of this kind is dismissal
due to other non—performance related reasons as e.g.cpblitcorrectness of the previous
conductor although the orchestra was successful in the lpagtese situations the successor
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can potentially benefit from the preparatory work of the pyes conductor if the orchestra
turns out to be of high quality. In a situation in which the ggeessor was dismissed due to
rumors between conductor and musicians, the successot fréghride on musicians return-
ing to their average—possibly high—performance after g@acement occurred. In a bad
orchestra, however, shirking will be relatively less betiefifor the new conductor in all of
these situations.

My main results translate to new employment contracts aftelly resignation or dismissal in
the following way. If the previous conductor was dismisseé tb bad performance-éffort
and project type are complements), | predict more high—pesveontracts for external suc-
cessors £private information on principal’s side) than for interrealccessorsssymmetric

full information) of similar track record if the orchestmaf high quality. But there is no con-
tractual wage dference between compatible external and internal sucsedbe orchestra

is of low type. The wage fters from good orchestras are always higher here than the ones
from bad orchestras. Moreover, there is a one—to—one mgjiq@tween wage ferentials
and diferences in fort levels for a specific type of orchestra. In a case in whicbraductor
resigned for private reasonsdffort and project type are substitutes), | find the external suc
cessor’s wage contract to be less high—powered than thmaht®uccessor’s wage contract if
the orchestra is of high type. Again, both wage contractsdanetical for low quality orches-
tras. But the wagefter for an external successor from a good orchestra can be hmsethan
the one from bad orchestra. The same applies even to anahtrecessor if the free—riding
potential in good orchestras is huge, i.e.ftbet and project type are extreme substitutes. The
different results for both cases can be explained by the vanyoantives of bad orchestras to
pretend to be of good type. | provide a broader discussionigin the main part of the paper.

This paper contributes to the existing literature on caning under moral hazard and asym-
metric information by providing a novefiéciency result: Contracting under less public infor-
mation can increasdt&iency with respect toffort choice. | also identify critical conditions
under which this iiciency result vanishes or even is reverdesloreover, | provide a new
application for informed principal models with moral haaz&wr which signaling of principal’s
type is purely wage—based, namely new employment contafietisearly dismissal or resig-
nation of predecessors. This application also allows tirdjaish between conditions that are
efficiency—increasing or —decreasing.

°The reversed result was shown by Inderst (2001) in a morefgpsetting.
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The plan of this chapter is as follows. In Section 2.2, | firgstoduce the general setting and
then analyze contracting under full symmetric informateord under private information on

the principal’s side. In the latter case least—cost sejparatjuilibria and optimal pooling equi-

libria for the high—type principal are derived and compaxith the equilibria that arise under

full symmetric information. This delivers the maiffieiency result of this paper. Section 2.3
discusses robustness of the mdiiceency result and Section 2.4 concludes.

2.1.2 Related Literature

Myerson (1983) analyzes a general informed—principal leralbut focuses on the interrela-
tion between dterent solution concepts. The characterization of equuihrmechanisms is
limited in his paper. Maskin and Tirole (1992ffer a detailed characterization of equilibrium
contracts in an informed—principal problem with commonueasl but consider problems of
adverse selection rather than moral hazard problems. Be&l@PB4) focuses exclusively on
risk—neutral agents who do not face limited liability coastts. He emphasizes that informed
principals transfer rents to agents in equilibrium to réveair type. The author relates this
finding to the appearance dfieiency wages. A solution to the moral hazard problem with an
informed principal and discretdfert can be found in Chade and Silvers (2002) who also show
that there may arise a downward distortion ibet in equilibrium. Mezzetti and Tsoulouhas
(2000) introduce an information collection stage by thenforimed party, i.e the agent, before
she decides whether to accept or reject the principal’s wéige The principal’s private in-
formation is of private value in this paper. This means thanly contains knowledge about
the agent’s costs oftkort. The separation of the good type of principal becomeg possible

by offering an option contract which allows the agent to rejectitii@l offer after detection

of the bad type of principal.

The paper closest to mine is Inderst (2001) who analyzesfamied principal problem with
moral hazard on the agent’s side in which players are riskirale The principal’s private
information is about project type which positivelffects the success probability of the high
outcome. In Inderst (2001) a principal with a good project saparate from one with a bad
project by increasing the share of project revenue he ietiier wage payments are made.
Separation is possible because expected revenue is maoigbiafor projects with the high
success probability than for those with the lower one. Harewot participating in the full
revenue of the project destroys the agent’s first—best tiveento exert &ort which distorts
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effort for high projects downward in separating equilibriuno. Show that equilibrium fort
decision can be altered in either way | need two assumptiochwdiffer from those of Inderst
(2001): In my model the agent is protected by limited liapilbf wages at zero such that
even under symmetric full information about project typeistattion in gfort arises due to
moral hazard. Moreover, the specification of expected anécditers since in my paper the
marginal success probability offert is not independent of the project type.

2.2 The Model

2.2.1 General Setting

Consider a principal-agent moral hazard problem with digcoutcomes and continuous ef-
fort choice by the agerit.Let the principal privately observe whether the job or pcojiae
agent works on is of good or bad type. | call a “good” project @am which the probability
function of high outcome={success probability function) is always “steeper” ffod than for

a bad project, while the intercept of the success probglmlight be weakly lower or higher
than for a bad project.

There are two players, a risk—neutral principal, and a nskitral agent who is protected by
limited liability of transfers at zero. This means that waggg/ments are non—negative. The
agent’s outside option is normalized to zero. The outcoma prfoject is stochastically de-
pendent on the agent'sfert choicee € [0, €], which is non—contractible, and on the project’s
typei € | = {L, H}, which is the principal’s private information. | will heniceth use “project
type” and “principal’s type” as synonyms. Each type of pobjeefers to a technology pa-
rameterg; € {6,604} with 6y > 6. = 0.4 The agent’s prior beliefs about the project type are
described by = Prob{i = H} with 8 € (0,1). The outcome of both project types may take
two realizationsy € {0, y} with y > 0.5 But projects difer in their probability of high outcome

3For simplicity | focus on a setting with binary outcomes. Ihghow in Section 2.3 that results carry over to
the continuous—outcome case. Continudierechoice allows for a proper analysis dfieiency implications of
this model.

4This setup resembles mixed models of moral hazard and aglsetsction examined in Eant and Mar-
timort (2002), Chapter 7. However, in this model the infodwmather than the uninformed party proposes the
contract.

51t is shown below that restricting to zero implies that the limited liability constraint at aebecomes
binding.
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(=success probability) which is a function of agent®d levele,
pi(e) = p(6,, e) = Prob{y = yi#;,e} withee [0,€] and O< pi(e) < 1Vi € I. (2.1)

Furthermore, | specify;(e) to be an &ine function ofo, represented by the following func-
tional form,

0(6) = { pL(€) = ro + s p(e), ifi=L, 2.2)

PH(€) = (rL + Arfy) + (s + As9y)p(e), ifi=H,

with p(e) € C3, p'(e) > 0, p”(e) < 0, Ve € [0, €, andp(0) = 0. Typical examples fop(e) are
linear and root functions, i.ga(e) = €, 0 < x < 1.5 r_ ands_ depict the intercept and the slope
of the success probability function of the bad project, ehil = r_ + Ar6, andsy = s, + A9y
represent the counterparts of the good projeet.[0, 8] describes the transition of intercept
and slope from bad to good projects. Moreover, | assume thgt, As> 0 andAr > —r /64,
i.e. both projects show a strictly positive intercept andrathy positive slope with the slope
of the good project being always higher than the one of thepbajgct and its intercept being
either weakly lower or higher than the one of the bad projébis representation allows me
to compare projects whose success probability functiolmigeo the same functional family
but differ in slope and axis intercept in general ternisfollows that p;(e) is element ofC?,
strictly increasing and concave iffert, i.e. p/(e) > 0 andp/’(e) < 0 Ve € [0, €], and that
pi(0) > 0 Vi.8 Additionally, the good project shows a higher marginal ssscprobability
of effort and a weakly stronger concavity for any givefod level, so thatp,(e) > p|(e)
and p/(e) < p;(e) Ve € [0,€].° The latter two properties are necessary to obtain a convex
optimization problem in the signaling game. L&) be the agent’s cost offilert function,
which is element ofC3, strictly increasing, and strictly convex irffert, i.e. ¢’/(¢) > 0 and
c’(e) > 0 Ve € [0,€ andc(0) = 0 andc’'(0) = 0. | will focus on interior solutions in the

6In contrast to Inderst (2001), | do not assume specific fonetiforms for the success probability function.

’In principle, comparisons of projects offfiirent functional families are compatible with this model the
general proof of optimality of least—cost separating beesimtractable without specifying explicit functional
forms (cf. Lemma 2.4). In addition, the given specificatidrpde) is a suficient condition for preserving the
ordering of the &ort elasticity of the success probability functions forjprt L andH at any €fort level (cf.
Corollary 2.2.1). This property turns out to be of importarar the main éiciency result of this paper.

8These are the standard properties which together with gwegstions on the agent’s cost afat function
yield concavity of the principal’s utility function. Comtiliity of the third derivative ofj(e) | need to solve the
principal’s problem in the separating equilibrium.

9The former property does not rule that total revenueffifrefor the good project is lower than for the bad
project for some (low) &ort levels.
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following.

By conditioning wage payments on outcome (which is contobet the principal fully de-
scribes a contract in this settifl denote the principal’s transfer by(0) = a (=fixed wage)

in case of failure and bw(y) = a + b (= fixed wage plus premium) in case of success. Let
w = (a, b) with w e W = R? state a contract the principaffers to the agent. The agent can
either accept the principal’'dier and exert a non—negativéat level, e, or reject it without
exerting €fort. For given output realization wage paymentv(y), and dfort levele the prin-
cipal receives the utility(w(y), y) = y—w(y) and the agent the utility(w(y), €) = w(y) — c(e).

For any accepted wagdferw = (a, b) the agent maximizes her expected wage payment minus
her costs of fort overe. This dfort decision is dependent on the agent’s conditional belief
u(ijw) about project typ€, whereu mapsW into the simplexA,. Given my assumption on the
concavity ofp;(e) and the strict convexity of(e) there exists a unique solution to the agents
problem. The first—order necessary condition of the agemtblem for a given premiurb

and beliefgu(i|w) are as follows,

> uiw)pi(e)-b-c(e) =0. (FOCy)

ie{L,H}

Denote the solution to the agent’s problemday &b, u(.|w)). The agent’s fort choice is only
indirectly afected by fixed waga via her beliefs about the project typel next incorporate
the underlying moral hazard problem by defining the follogvimdirect utility functions

e Principal:
Viw, u(iw)) = pi(8)-(y-b)-a
o Agent:
Ui(w, u(ilw)) = pi(€)-b+a-c(e),
wherei € {L, H} andu(ilw) e [0, 1].

| henceforth abbreviat®;(w, 1) by V;i(w) andV;(w, 0) by V;;(w) for all i, j € {L,H},i # j. |

1ONote that in a model with binary outcomes the optimal corttisaalso binary.
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proceed analogously for the agent's utility, i.6;(w) = Uij(w, 1) andU;;(w) = U;(w,0).!
Given the structure op;(e) andc(e), | obtain strict concavity o/ andU in b (resp.e).

The timing and the information structure of the game are be#s. At date zero the principal
learns the project type and makes a take—it—or—leave—iewdgr to the agent. The agent
updates her beliefs about the project type conditional eroffered wage contract and then
decides whether to accept the contract or not. If the age@pas the fier, she chooses the
optimal dtort level given her beliefs. Then the outcome is realized thedprincipal makes
the scheduled wage payment to the agent. If the agent rdjestdter, then zero fort is
chosen and outcome is realized. The agent gets her outsiam aghich is equal to zero
and the principal receives the outcome which can be possiivee the success probability
function is strictly positive at zeroffort. The solution concept is a Perfect Bayesian Nash
Equilibrium (=PBE). Denote the principal’s strategy by, where for each, op(.|i) is a
probability distribution ovekV and the agent’s strategy loy,, where for eachwv, oa(.|w) is a
probability distribution over the s¢®, 1}. Here, 1 represents acceptance by the agent, while O
represents rejection. Thus, an equilibrium is determined teector of strategies and beliefs

o = (op,oa ).

2.2.2 Observable Project Type

If project typei is observable£symmetric full information), then the setting reduces taeep
moral hazard problem. The first-beicet level of project, €®, is determined by

pi(e)y=c(e) Vie{lL, H}. (2.3)

Since the agent is protected by limited liability at zeransfer, the moral hazard problem
generates a distortion even if project tyipis observablé? Applying the implicit function
theorem €IFT) to (FOC,), the first—order necessary condition of the agent’s pralier

n this model private information is in common values. Thigans that the success probabilities enter the
utility functions of both players, the principal and the aggince wage payments are conditioned on outcomes.

2sSuppose not, then given risk neutrality of both players #igefiort choice must be first-bedfieient. From
(2.3) it follows that in this case the premiusmust be equal tg. This corresponds to selling the entire project
to the agent. At this the principal optimally chooses a fixedjeypaymena = —(pi(e7®)y — c(e7®)) to leave the
agent without rent= the agent’s individual rationality condition is bindinddut sincea is strictly negative for
positive NPV projects the limited liability constraint Wile binding and a distortion arises.



16 CHAPTER 2. INFORMED PRINCIPAL WITH MORAL HAZARD

u(iiwg) = 1, 1 find a positive relationship betweefi@t levele and premiunb;

e 0 i (2.4)

db

| therefore conclude that an increase in the premium leadshigher &ort level for given

beliefs.

For realized project typiethe principal’s problem is expressed by

TW%Xpi(é) (Yy-b) - & (2.5)
st.

a>0 (LL))
Uii(w) >0 (IR)
&= argmaxpi(€) - by + a - c(e). (1Ci)

The following lemma shows the optimafert level of (2.5) for interior solutions.

Lemma 2.1: Suppose project type i is observable. Then the optifiaitéevel for the princi-
pal’s problem(2.5), €, is specified by

pi(E)(y - bi(e)) - pi(e)bi(e) = O, (2.6)

with bi(e) = c'(e)/p/(e) and [(e) = 1/(de/dly) from (2.4). Moreover, the principal gers the
contractw = (a/, b) with & = 0O and lj = bi(€]).

| henceforth will refer to the moral hazard problem with syetrit full information as the
benchmark case. In my conductor—orchestra example timslates to employment contracts
offered to an internal successor who knows ex ante whether thesira is of high or low
quality.

Note that (R;) is satisfied with strictinequality &, i.e. the agent receives a positive rent. Fur-
thermore, from (2.6) it can be seen tlegt> € does not follow directly from the assumption
thatpy,(e) > p; (e) for all e. E.g. forp,(0)—p.(0) = Aréy large andpj,(€) - p| (€) = Asyp'(€)
relatively low for all e (=effort and project type are substitutes) it could be the cadettiea
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second-bestfiort level is higher for the bad project. Here, the expectedemaayment for
the good project is much larger at highdiogt levels than its expected outcome because the
probability of paying the premium is very high and a compéngdixed wage is ruled out by
limited liability at zero. In my conductor—orchestra exdenthis means that if the previous
conductor left a good orchestra e.g. for private reasoms #m internal successor is able to
free—ride a lot on the good performance of the orchestraaStually free—rides so much that
less incentives will be given to her than to an internal sssoein a bad orchestra.

From the derivation obj(e) it follows thate}, > € impliesb}, > b;. However, the reverse
is not true in general. Fromy,(e) > p; (e) for all eit follows thatby(e) < b (e) for anye,
this means that inducing a specifitat level requires a lower premium payment for the good
project. This creates incentives to mimic the good projectdw—type principals. The next
section deals with unobservable project types and withrtberitives to mimic which arise is
this setting.

2.2.3 Unobservable Project Type
Separating Equilibria

If the project type is private information to the principalcsa principal with the good project
offers the second-best contract from the previous section,htbanight be mimicked by a
principal with the bad project. The reason for this is thahbeerceived as the principal with
the good project by the agent reduces the required premiufioet level, i.e.b,(e) < b_(e)
Ve feasible. By the same argument mimicking in the opposecdttie is never profitable.
However, in some settings it might be too costly for a priatiwith the good project to
separate from principals with the bad project. This risessBue of optimality (or existence)
of separating equilibria.

In the following | consider PBE in pure strategies and focushe least—cost separating con-
tract. The refinement | choose is the intuitive criterion d¢foCand Kreps (1987). If the
principal with the good projectH—-type principal) wants to separate from the principal with
the bad project£L—type principal), then he can increase thafences between the premia
of the two contracts by adjustirty, or introduce a positive fixed wage for the good project,
ay > 0. The interplay of these two means of mimicking prevent®grucial for the main
efficiency result in Lemma 2.3 and Proposition 2.2.
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To solve for the least—cost separating equilibrium with, (W) = ((aZ, bY), (a5, by)), | use

the following strategy. | first show that in any separatingilrium the L—type principal

will offer the second—best contract, iv&. = w; = (0,b;) (see Lemma 2.2). This is feasible
although the Spence—Mirrlees condition is not generaltis®ad in this model. In Lemma
2.3 | then independently derive the unique least—cost aéipgrcontractvy, for the H-type
principal subject to the incentive constraint of thetype principal givew; = wj. Next, itis
shown that the least—cost separating contract is more giotdiforH—type principals than the
best non—separation contractlf, ) for a huge set of parameters (see Lemma 2.4). This step
is non—redundant due to the potential violation of the SpeNtrrlees condition in this setup.

In Proposition 2.1 | state existence of the least—cost sé¢ipgr equilibrium ¢¢,wy,) and
uniqueness under the intuitive criterion. The propertiethe the least—cost separating equi-
librium and the subgame perfect Nash equilibrium under sgtmmfull information from
Lemma 2.1 are compared in Proposition 2.2 which deliversrih dficiency result of this
paper. In the subsequent example with linear success phtypabctions and quadratic costs

| show that the necessary andfszient condition for existence of a least—cost separating-eq
librium are always met under the assumptions of this model.

| first determinew? if wp, is such that mimicking théi-type is not profitable for the—type
principal, i.e. if theL—type incentive constraint is satisfied and potentiallydbig (=LCS
allocation). The next lemma shows that in this caselthigpe principal will always fer the
second-—best contract from abowg,= w; = (0, b}).

Lemma 2.2: Suppose project type i is unobservable and the separatingyat for the H—

type principal vy, is such that the L-type’s incentive constraint is satisfigten, Wy = wj =
(0, b).

The least—cost separating contract for Hietypewy, can now be derived from thie—type
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principal’s problem given that the incentive constrainttfee L-type, (Cp, ) is satisfied,

2 Pr(®) - (v - br) - & (2.7)
st

ay >0 (LLy)
Unn(Wg) >0 (IRw)
é=arg rréapo(e) - by, + aj, — c(e). (ICh)
Vin(Wy) < Vie(w). (ICp)

In Lemma 2.3 the unique least—cost separating contrach&t+type principal’s problem is

derived.

Lemma 2.3 (Least—Cost Separationfuppose project type i is unobservable. There exists a
unique least—cost separating contract ¥or the H-type principal. The inducegfert level
e’,, the fixed—wage paymengt @and the premiumibare characterized as follows

1. if (ICy) and (1Cs) are binding Einterior solution),
¢ < (e 0.8 (P4 () - PL(®))(7 - u(@) - (pu(®) - PLO)bi,(@) = O)
a5, = a(e}),
by, = bu(e}),

2. if (LLy), (ICh), and (IG,) are binding E&corner solution),
e € {e€ [0, €] | max Viy((0, bu(€))) st. pu(e)(y — bu(e)) = Vie(W)},
ap, =0,
by, = bu(e}),

3. if (ICp,) is trivially satisfied Etrivial solution),

& = €,
ay, =0,
by, = by,

with by(e) = c'(e)/p,(e) anda(e) = p.(e)(y — bu(€)) — Vi (w;). Moreover, the agent receives
a positive rent.
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Given the generalized specification g{e) andc(e), solutions are interior ipy(€) and p,(e)
are stfficiently similar such thatbj, — b} ;| is small. This translates tas/Ar — s, /r | being
sufficiently small*®* Corner solutions in the sense of Lemma 2.3 occur for interatedalues
of |As/Ar — s /r | for which the distance betweds}, and b;,, becomes large enough for
pure—premium separation to be optimal JAE/Ar — s_/r.| increases further | receive trivial
solutions in which separation is costless since mimickégat profitable. With complements
this resembles a parameter setting with— —r_ /6 andr_ being positive and large. Here,
the premium of theH—type project is too high foL—type principals although they receive
higher dfort levels per premium by misleading agents. With substgtthis is reversed. Here,
L—type principals find the premium féf—type projects too low. Parameters are such Anat
is positive and large and — 0. In the following | will focus on interior and corner solatis.

From the previous Lemma and Lemma 2.1 it becomes appardrththeelation of the opti-
mal efort levels for good projects under least—cost separaéipnand under full symmetric
information, g, crucially depends on the properties of the success prityafonction p;(e)
Yi. This relation will be analyzed more closely in Propositib8.

| next identify conditions for the least—cost separatingtcactwy, to be optimal forH-type
principals relative to the best non—separating contrad;(Q. This is important since the
Spence—Mirrlees condition is not globally satisfied in esup. Therefore thel—type prin-
cipal can have an incentive to deviate from the the least-segmrating contraety,. His best
deviation under pessimistic beliefs by the ageiH|w # w,) = 0, is given by (Obj, ) with
by, = argmax Vu ((0,b)).** Deviating becomes more attractive if the zerer success
probability for H—type project is much higher than for thetype project, i.e Ar being rel-
atively large. TheH—type’s optimal premium is rather low in this case comparethé one
of the L—type although the marginal success probability is higbetle H-type project (cf.
Lemma 2.1 withp,(0) = (r_ + Aréy) being large angb, (0) = r_ being small.) Then, reducing
the premium tdoj,, and being perceived adatype principal might be less utility decreasing
than paying a positive fixed wagg, > 0 to separate at a higher premiunf). The following
lemma shows that conditions to rule out such deviationsatrer mild.

13Cf. Proposition 2.2 and Corollary 2.2.1.

1py,. = b is unproblematic for interior solutions in the sense of Lea23 sinces;,, = 0 anda?, > O.
For corner solutions separation is always preferrdg,if = by, since the agent chooses a highgo# level for
H-type projects.
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Lemma 2.4 (Optimality of Least—Cost Separatior§uppose project type i is unobservable and
the agent holds pessimistic beliefs with respect to thedeast separating contracty(H|w #
wy,) = 0. Then the H-type principal weakly prefers the least—casassing contract \ to
the optimal non—separating contra by, ), i.e. Viuu(Wy,) > Vi ((0, by, )), if the diference in
the zero—gort success probability for the H-type projeat, is weakly lower than the critical
level Ar¢ with Ar¢ > r_ - As/s..

Moreover,Ar® = min{Arg, Arg} with Ar§ s.t. [, (Ar) > O for Ar < Ar{ and Ar§ s.t. (V},, —
Vie = Vin + ViDlar 2 0for Ar < Ar§ and V; = Vii((0, by))).

For Ar§ > Arf there might be true non—optimality of least—cost sepandto extremely high
levels ofAr, while for Ar{ < Ar$ this is never the case since parameters would have to be such
that second—best solutionsgbservable project type) are not interior which is not cdesed

in this paper. Optimality of least—cost separatigp, (W) > Vi ((0, b}, )), is necessary and
suficient for existence of a least—cost separating equilibritinis condition, however, is hard

to verify without specific functional forms gfi(e) andc(e) because the relevanttert levels

and wage payments are only implicitly determined by Lemn®ahd no general single—
crossing property is available in this setup. Before primgd proof of this lemma | transform

the necessary andf$icient condition and derive a fiicient condition for existence.

Vin(Wg) > Vi ((0, b))

Vun((0, b7)) — &y > Viu (0, byy,)) by separability
Vun((0, b)) = (Ven((0, b)) = ViL((0, b)) = Vi ((0, by, ) by Lemma 2.3
Vur((0,0)) = Vuo (0, b)) = Vin((0, b)) — Vi ((O, by)). (2.8)

If the H-type principal setbp, equal toby,, which is obviously suboptimal in general, separa-
tion will be purely fixed—wage based, i&, = V. 4((0, b},))-VLL((0, b;)). Thus,Vyu((0, b},))-
Vui((0,0,)) > Viu((0,b;,)) — V(0. by)) sufices for existence. | obtain the following
second sflicient condition for existence, sincé y((0,b},)) < Viu((0, by ) with bf,, =
arg max,,,-o VL((0, bLw), u(H|.) = 1), being theL-type’s hypothetically optimal premium if
L—type principal is perceived as tht-type principal w.p.o.,

Vhn((0, b)) = Vu((0, b)) = Ven((0, biy)) — Ve (0, by)). (2.9)
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It can be seen that this condition compares the optimal aotstifor each type of principal
being perceived as typew.p.o. by the agent The proof of Lemma 2.4 is presented in the
appendix.

[ finally conjecture that even withoyg(e) being an &ine function o®; there will be optimality

of least—cost separation fpy, (0) not too high relative te, (0). However, this is much harder
to show without using specific functional forms. In a subssduexample | provide evidence
that the necessary andfBaient condition for existence (2.8) is always satisfied utlde stan-
dard assumptions of this model if explicit functional forfos p;(e) andc(e) are considered.
This translates intar{ < Ar5 which means that the condition for second—best solutioimgbe
interior is reached at a lower level afr than the condition for least—cost separation being
optimal.

The implementation of the least—cost separating contsgutesented next.

ProposiTiON 2.1: Suppose project type i is unobservable amrds weakly lower thamr® >

r. - As/s.. Then, there exists an equilibrium= (op, o-a, 1) Which implements the least—cost
separating contract, i.eop(W|L) = 1L op(W}IH) = 1, oa(lW)) = L oa(lw) = 1, and
u(Hwg) = 1. Moreover,any equilibrium that satisfies the intuitive criterion implente the
least—cost separating contract.

I now turn to the comparison of equilibrium properties bedwéhe game with private infor-
mation and symmetric full information. The following pragition states the mainfiéciency
result of this paper, namely that in the game with less pubfiarmation dficiency can in-
crease for the high—type principal.

ProposiTioN 2.2: Suppose jfe) and de) are such that the incentive constraint of the L-type
principal is not trivially satisfied by . Then in the game wittess prior information, ¢fi-
ciency with respect to the agent’g@t choiceincreases in the contract of the H-type prin-
cipal, (i.e. the equilibrium gort level g, in the least—cost separating contrac,ws higher

15This condition can be related to supermodularit¥/gfin true typei and perceived typgwith i, j € {L, H}.
But supermodularity o¥;; is not suficient to show that the condition holds true since e¥ghs additionally
maximized ovee.
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than the second—-besf@rt level g, under symmetric full information), if and only if

nn(eh) > nu(el). (2.10)

Here,ni(e) = e- p/(e)/pi(e) is defined as theffort elasticity of project i's success probability
function at gfort e. The corresponding fixed—wage and premium paymenand If, are
given in Lemma 2.3.

The dfort elasticity of the success probability function refleitte principal’s trade—b be-
tween a higher marginal success probability, which ris@scyal’s revenue, and a higher
marginal premium payment if the principal increases theuded dfort level at a certain
point® If the net dfect of this is larger for thél—type principal than for the mimicking—
type principal at the second—beslcet level for good projects;,, then theH—type principal
will increase the inducedf¥ort level in the least—cost separating contract. This destnates
a situation with a high degree of complementarity betweforteand project type. For the
conductor—orchestra example this implies that after disaliof the previous conductor due to
bad performance an external conductor will receive a highemium from a good orchestra
than an internal or informed successor of similar track rc®hus, the third—besti®rt level

is higher than the second—besfiogt level. For a situation withféort and project type being
substitutes | predict the reverse result.

The previous proposition uses a local property of the sigcpasbability functiongpy (€) and
p.(e). However, it can be shown that the signgf(e) — n_(e) is constant globally under given
assumptions.

CoroLrLary 2.2.1: For pi(e) = (r. + Ar6) + (s. + AsH;) - p(e) with p(0) = 0, 4. = 0 and
0y > 0 the sign of(ny(€e) — n(€)) is constant for all e andy. It is positive if and only if
AS/Ar > s /1.

This means that foAr < r As/s, effort and project type are complements for dfbet levels,
while they are substitutes far > ri As/s,. A proof is provided in the appendix.

I next show a closed—form solution wf, in a parametric example. Consider a success proba-

16Cf, the first—order condition of thid—type principal’s problem in case 1 of Lemma 2.3.
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bility function with p(e) being linear, i.epi(e) = (r . +Ar6,)+(s.+Asf;)-e, and a quadratic cost
of effort function so that(e) = y/2 - € with y > 0. Then the least—cost separating contracts
(w2, wiy) = ((0,by), (a5, by,)) for both types of principal are described by

by = >y 2

2’ 28

S LAY y(Arzﬁ—2r|_ArAs§+rEAsz(sL+A39H))

, ifonly (ICy) and (Cp,) bind

aa _ 4y 457 ASA (S +ASHH)
0, otherwise
- s if (ICH) and (Cp,) bind
bf = b, if (LLu), (ICw), and (Cp,) bind
by, = 3y - 2L, ifis (ICp,) trivially satisfied

with

(st + AS)TS — 1S = \[SAT (S5 + AT — 77r7)
2§(S|_ + AS@H)

/2 =

andb = b, if As/Ar > s /r_ andb = b, otherwise. These results are directly derived from
Lemma 2.3. The correspondinf@t levels can be determined &y = b? - (s + As)/y,
which directly follows from the first—order condition of tlagent’s problemROC,).

It can be shown here thalGp, ) is trivially satisfied forr being very large oAr being very
large. Moreover, if[Cp, ) is not trivially satisfied, thei, > by, if and only if As/Ar > s, /ry,

which follows directly from Proposition 2.2 and Corollary22l. It can also be shown here by

. 1T yAr
rearrangingy, = 3Y ~ se AT

for 64 > 0, andb, = b, = by, for 6,y — 0.

y(rL+Ar6y)
2(sL+ASH)? "

> by, = 1y - Furthermoreb; > b, andb, < by,
For the interior solution case of Lemma 2.3, the necessalysdticient condition for opti-
mality of least—cost separatiov, (W) > Viu((0, b}, )), becomes equivalent to

ASHZ | S AS ASH
s (508 (s + a4 2

- yzArz) > 0. (2.11)

It collapses to § AS(S. + O4AS)(S. + 204AS)Y?)/0y for Ar = 0 and tofy s ASY? for Ar =
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r_- As/s., both of which are strictly positive. Fatr > r_ - As/s, it can be shown that (2.11)
remains strictly positive ibj,, (Ar) = 1/ 2(37— v(r +Aroy) /(s +A39H)SL)) becomes negative,
i.e. least—cost separation is always optimal here (cf. Lar@m).

A similar argument can be made for the corner solution casewima 2.3.

Pooling Equilibria

A disadvantage of the intuitive criterion applied in Projios 2.1 is that its selection is not
sensitive to the prior distribution of types. This is pautarly worrisome if the probability of
H—type projectg is close to one and therefore costly separation is verplikein an ex ante
point of view. In this situation fiering a pooling contract can be beneficial for thetype
principal since fo3 — 1, his optimal pooling contract approaches the second-doestact
under observable project type that is strictly more profgghan any nontrivial least—cost
separating contract. This is true since nontrivial sepamadds another binding constraint to
the H—type principal’s problem.

To allow for optimal pooling equilibria of this kind | depafitom the intuitive criterion in
the next proposition. A dierent selection procedure—namely, lexicographical marim
selection—is introduced. This concept is borrowed fronehsti(2001) and initiates a weakly
stronger selection than the undefeated equilibrium canmgMailath, Okuno-Fujiwara, and
Postlewaite (1993). The set of lexicographical maximum equilibria is defined My =
M. (Mg (X)) with £ being a compact subset of the set of PBE 8(X) the set of equilibria
maximizing the payfi of typei.

The following proposition shows that for given prigrall equilibria inM* implement a unique
allocation. There exists a cufdevel5¢ € (0, 1) such that all equilibria itM* implement the
least—cost separating allocation ok ¢, while for g > g° all equilibria in M* implement the
unique optimal pooling allocation for thé—type principal.

Let bP(¢l ) depict the premium payment such that the agent exdidst @ for given priors

In contrast to Mailath’s undefeated equilibrium concepet iéxicographical maximum equilibrium concept
selects a unique equilibrium in this game.
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B € [0, 1]. bP(e| B) is derived from the agent’s problem and can be expressed by
ce _ c'(e)

b(el ) = o7 = '
Ei[pi(e)] (ﬁ pL(e) + (1-) pf_(e))

(2.12)

Let () describe theféort level induced in thél—type’s optimal pooling equilibrium which
is determined by the first—order condition of tHetype’s problem given prior belief3

(V- b(@B)) - pu(eb™(Ep) = 0. (2.13)

for all B € [0,1]. €”°(B) € [€],.. €] since by constructior”(0) = e}, ande™(1) = €,.
Analogously, the optimal pooling premium for the-type principal bP°(8) = bP(€°°(B)| ),
satisfiesb™(8) € [by,,, b;,] with bP°(0) = b}, andb”©(1) = b;,. The following proposition
shows that there always exists a dtitevel for the prior probability of facing a good projegt
such that the optimal pooling equilibrium for thie-type principal generates a higher expected
surplus for theH—type principal than the least—cost separating equilibriu

ProrosiTiON 2.3: SUuppose project type i is unobservalie,is lower thanAr® > r - As/s,
and the incentive constraint of the L-type principal is motially satisfied by V. Then there
exists a unique valug® € (0, 1) such that folg < ¢ all equilibria o € M* specify the least—
costs separating contraivy,, w; ), while forg > g they specify the optimal pooling contract
of the high—type principal ®P(8) = (0, bP9(3)) with b?°(8) = bP(€°°(B)| B).

The next proposition describes the motion of tifer level induced by thél—type principal
as a function of the prior probability of facingtd—type principalg for the lexicographical
maximum equilibrium.

ProposiTion 2.4: Consider the lexicographical maximum equilibrium from edoForg < g°
the ¢gjort level induced by the H-type principal is constant at zelesf €,, while atg = g¢
there is a discontinuity ing

a.) If Ar < r As/s_ (=€ffort and project type are complements), thenjemps downward to
e”9(5%) and forB > pC is strictly increasing up to&(1) = €}, < €.

b.) If Ar > r As/s_ (=effort and project type are substitutes), thep jgmps downward to
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ePO(s°) for Ar close to [ As/s. and upward to B°(5°) forAr much larger than rAs/s,.
For B > B°, & is strictly increasing up to®(1) = €}, > €.

Analogously, the fort level induced by th&—type principal is constant &f for 5 < ¢ and
for B > p°is identical to the fort level induced by théi—type principal. If8 > ¢ then the
induced &ort level is always weakly lower than the second—-b&&trelevel for theH-type
principal, which states a negativiieiency result for high levels . The induced gort level
can be higher or lower than the second—béstrelevel for theL—type principal dependent on
the the sign o€}, — €. E.g. for extreme substitutes witfr being much larger than As/s,

it holds thate;, < e, < €. Here,e”9(B) is lower tharg; for all g > 8° because it always holds
thate”®(B) < e,. For the conductor—orchestra example the previous propoesinplies that
there shouldn’t arise wageftikrences for external successors between good or bad aeshest
if the probability of facing a good orchestra is very higheaftarly dismissal or resignation
of a conductor. However, theffered wage premium will be lower than the one for internal
successors in good orchestras.

In the parametric example with linear success probabbity(s) is determined by

y(r,_ + ArQH)
2(sL + ASHy)(sL + B - Ashn)

1_
PO/pY _ ~T
b (ﬁ)—zy

The correspondingfiort level follows fromeP(8) = bPO(B) - (s. + B - AHy)/y.

2.3 Discussion

Proposition 2.2 states that iffert and project type are complements, then the principal’s
private information about the project type increases tdeded &ort level for good projects
above its level under full observability of project type.ighather surprisingféiciency result

is very general with respect to the functional form of thecgss probability function. In fact,
the proof of Proposition 2.2 does not even require the ufatbaepresentation gf(e) in 6;.
This representation is only necessary to be able to shownapty of least—cost separation
without using specific functional forms.

The positive ficiency result relies on the assumption that contractingeufdl symmetric
information is already second—best with respectffore choice, i.e. the sole moral hazard
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problem between the principal and the agent already gesseaadistortion of theféort choice
by itself. Such distortions of thefert choice can be caused by limited liability or risk aversio
on the agent’s side. In my setup the positiffédcgency result disappears, if the limited liability
constraint is relaxed. To see this more clearly, considentbdified limited liability condition

a>-l withl>0. (LL")

Forl — oo, the dfort induced by theH—type’s least—cost separating contreg(l) remains
constant, while his second—besfaet level €/,(I) converges to first-best, i.e. & with
el? > e’ () vl.

Furthermore, the positivefficiency result is robust to an extension to continuous ouéecom
This can be shown, for instance, in a setup with CARA utilitglanormally distributed out-
come following Holmstrom and Milgrom (1994). Here, the atgeaffort choice determines
the mean of the outcome distribution. Let the bad projecésmof outcome be equal to the
agent’s &ort choice, while the good project’s mean of outcome isfin@function of &ort
with a positive slope larger than one. Then the positiffieiency result for good projects
can be reproduced under a negative relationship betweeimtdéreept and the slope of the
agent’s #fine production function, if the degree of the agent’s riskrsio® and the variance
of the outcome distribution are Siciently high. Again, there is a tradeff®vetween marginal
expected revenue offert and expected revenue at zeftoe. Moreover, the distortion that
arises in the pure moral hazard problem must #Bcently large.

2.4 Conclusion

In this paper | consider a one—shot moral hazard problemdset\a risk—neutral principal and
a risk—neutral agent protected by limited liability in whithe principal holds private informa-
tion that is output—relevant and thus of common value. $singly, this simple combination
of moral hazard and asymmetric information on the prin¢gpgile has not been studied in-
tensively in the literature. | analyze the game by deriviagasating equilibria in which the
principal signals his type purely via wagéers to the agent if other means of information dis-
closure are not at hand. The lack of a single crossing prpgeristitutes a special fiiiculty

of this model. Therefore it is much harder to show optimabityseparation under favorable
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information and thus existence of a separating equilibrilmcontrast to the standard prob-
lem with moral hazard and private information on the agesitie as well as in contrast to
the related informed principal model of Inderst (2001), dfthat in certain setups contracting
will become more fficient with respect to agent’stert choice if output—relevant information
becomes private to the principal. This states a noffadiency result in which the third—best
effort level dominates the second-best éhe.

The intuition behind this result is that in certain setugsghincipal with favorable information
wants to recoup féciency relative to the pure moral hazard problem under fythmetric
information to prevent the principal with unfavorable infaation from mimicking. However,
the dfect can be directed in either way depending on the ratio atppal’'s marginal expected
revenue to principal’s total expected revenuefédr for both kinds of information. This ratio
can be expressed by th&at elasticity of expected revenue. My prediction is th@tcency
is afected positively through private information on the prpatis side if the &ort elasticity
of expected revenue is higher under favorable informatlaadso provide evidence that this
result is robust to an extension to continuous outcome.

This model applies to new employment contracts after eastpigsal or resignation of profes-
sional conductors, coaches, CEOs, or politicians. Heggnay of replacement often prevents
other means of information disclosure as e ffielong time for consideration or talks with other
employees to potential successors. Thus, signaling td&es pia wage fiers. There is also a
clear moral hazard problem with respect to successor’sdiditort decision and successor’s
ability is observable due to his track record. Moreovergaexil successors for these kinds
of jobs clearly face an informational disadvantage, sihey tannot fully access whether the
early replacement of the predecessor was also related tutiiy of the work environment.
On the other hand, a potential external successor recewves mformation open to the pub-
lic about the replacement. If e.g. an orchestra performefliyld@efore the dismissal of the
predecessor, then there is no space for free—riding in tweposition even if the orchestra is
of high quality. This is reversed, if the orchestra perfodmell lately before the predecessor
resigned. Thus in the former case, | predict higher premiaympents for external successors
(=private information on the principal’s side) than for imtal ones of similar track record
(=full symmetric information) and lower premium payments éxternal successors than for
internal ones in the latter case.

18The first—best ort level is never reached due to limited liability on the aigeside.
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Chapter 3

Pricing and Information Disclosure In
Markets with Loss—Averse Consumers

3.1 Introduction

Consumer information about price and match value of pradsc key ingredient in determin-
ing market outcomes. Previous work has emphasized the folensumer information at the
moment of purchaskIf consumers are loss—averse information prior to the mamgpur-
chase matters: Product information plays an importantabtee stage at which loss—averse
consumers form expectations about future transactiong. a@alysis applies to inspection
goods with the feature that consumers readily observe piic¢ghe market but have to in-
spect products before knowing the match value between ptatharacteristics and consumer
tastes.

Loss—aversion in consumer choice has been widely docuchangevariety of laboratory and
field settings starting with Kahneman and Tversky (1979)sd-@verse consumers have to
form expectations about product performance. We postthaite to make their consumption
choices, loss—averse consumers form their probabilistezence point based on expected fu-
ture transactions which are confirmed in equilibrium. Hexesonsumer’s reference point
is her probabilistic belief about the relevant consumptoiicome held between the time
she first focused on the decision determining the consumian—i.e., when she heard
about the products, was informed about the prices for thdymts on éfer, and formed her

1See e.g. Varian (1980), Janssen and Moraga-Gonzlez (288dArmstrong and Chen (2008).
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expectations—and the moment she actually makes the perghas

We distinguish between “informed” and “uninformed” custns at the moment consumers
form their reference point. Informed consumers know theste ex ante and will perfectly
foresee their equilibrium utility from product characgtics. Therefore they will not face a
loss or gain in product satisfaction beyond their intrinstuation.

Uninformed consumers, by contrast, are uncertain abolt ideal product characteristic:
they form expectations about thefférence between ideal and actual product characteristic
which will serve as a reference point when evaluating a pebdiong its taste or match value
dimension. They will also face a gain or a loss relative torteepected distributions of price
after learning the taste realization. Since all consumer®ime fully informed before they
have to make their purchasing decision, we isolate tfeceof consumer loss aversion on
consumption choices and abstract from tfte@s of diferential information at the moment

of purchasé.

In this paper, we study the competitivifexts of firm asymmetry and consumer loss aversion
in duopoly markets. Consumers are loss—averse with regpgcices and match value and
have rational expectations about equilibrium outcomestmftheir reference point, as in
Heidhues and Koszegi (2008). Firms are asymmetric due eyrdetistic cost dierences and
this is common knowledge among the firms when the game $t&itsns compete in prices for
differentiated products. Prices are deterministic and pgsaslyinmetric. Consumers observe
equilibrium prices before forming their reference pointotdlthat if prices are asymmetric,
uninformed consumers will face either a loss or a gain in theepdimension depending
on which product they buy. Hence, an (ex ante) uninformedeoer’s realized net utility
depends not only on the price of the product she buys but alsbeoprice of the product she
does not buy.

Our theory applies to a number of inspection good indusini@ghich some consumers form
expectations before knowing the match value a particuladyoet dfers. Let us provide some
examples. First, prices of clothing and electronic devareseasily accessible (and are often

2For evidence that expectation—based counterfactuals féact ¢he individual's reaction to outcomes, see
Breiter, Aharon, Kahneman, Dale, and Shizgal (2001), MedWadey, and Gilovich (1995), and Mellers,
Schwartz, and Ritov (1999). The general theory of expamtatiased reference points and the notion of personal
equilibrium have been developed by Koszegi and Rabin (2806)Koszegi and Rabin (2007).

30ur model can alternatively be interpreted as one in whigtsamers know their ideal taste ex ante but are
exposed to uncertainty about product characteristics wheynform their reference point.

“4In the extension section we show that our analysis alsoepfmiproducts of dierent qualities.
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advertised) in advance while, for inexperienced consuptieesmatch quality between prod-
uct and personal tastes is impossible dificlilt to evaluate before actually seeing or touching
the product. A related example is high—end hifi—equipmenxt, @&m particular, loudspeak-
ers. Price tags are immediately observed but it may takeralevisits to the retailers (on
appointment) or even trials at home to figure out the matchevaf the diferent products
under consideration—for example, because peopferdiith respect to the sound they like.
In these markets potential costfégrences may arise from sizefférences of producers and
product—specific costs (or, as we allow in our extensionmfdifferent ex ante observable
quality differences). Second, the housing market has the feature éhptite is listed (and,
in some countries, not negotiable) whereas the match valoaly found out after visiting
the flat. Third, price information on products sold over theeinet—for example, CDs of a
particular classical concert—is immediately availabléjlesthe match value is often deter-
mined only after listening to some of the material that isvided online. Fourth, competing
services such as long—distance bus rides and flights fieeafitiated by departure times. Here
consumers are perfectly aware of the product characteyisk ante—i.e.,price and departure
time—but learn their preference concerning their ideahpof departure only at some later
stage (after forming their probabilistic reference point lbefore purchase).

Our first main result is that, in asymmetric markets, priceateon is increased, relative to the
scenario without loss—averse consumers. This is in staricast to the focal price result by
Heidhues and Koszegi (2008).

Our second main result is that loss aversion—or, more @hcihe presence of more ex ante
uninformed, loss averse consumers—may lead to lower prieEsce, the standard result
that more informed consumers (or more consumers withouhaweral bias) lead to lower
prices is challenged in our model when firms are strongly asgtric. The driving force
behind this result is that loss aversion in the price dinmmkas a pro—competitivéfect while
the dfect of loss aversion in the taste dimension is anti-conipefit The pro—competitive
effect dominates the anti-competitivBext if the size of loss aversion in the price dimension
becomes dfticiently large. This occurs if the priceftirence is large, which is caused by

5In a related setting to ours, Heidhues and Koszegi (2008) shat consumer loss aversion can explain the
empirical observation that firms often charge the same jmiciferentiated product markets even if they have
different costs. One of the distinguishing features of our misdblat realized costs are public information and
consumers observe prices before forming their referenice.po

5Note that this is dferent from Heidhues and Koszegi (2008) where loss aversisrah anti—-competitive
effect in both dimensions.
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strong cost asymmetries. In this situation uninformed oaress are very reluctant to buy
the expensive product and rather accept a large reductiomaich value when buying the
low—price product.

This paper contributes to the understanding of tfiece of consumer loss aversion in market
environments and is complementary to Heidhues and Kos26gB). More broadly, it con-
tributes to the analysis of behavioral biases in markeinggttas in Eliaz and Spiegler (2006),
Gabaix and Laibson (2006), and Grubb (forthcoming). An ingrat issue in our paper, as
also in Eliaz and Spiegler (2006), is the comparative "adtects in the composition of the
population. However, whereas in their models this compmsiéfect is behavioral in the
sense that the share of consumers with a behavioral biagebawe do not need to resort to
this interpretation although our analysis is compatibléni We stress the compositioffect

to be informational in the sense that the arrival of inforimain the consumer population is
changed (while the whole population is subject to the sarha\ieral bias).

The informational interpretation lends itself naturalty dddress questions about théeet

of early information disclosure to additional consumerse &alyze information disclosure
policies by firms and public authorities in the context of &daoral industrial organization
framework. We thus demonstrate the possible use of bel@wioodels to address policy
guestions in industrial organization. As stated above,roodel has the feature that, absent
behavioral bias, information disclosure policies are nreglass. Thus the behavioral bias
is essential in our model to address these issues. In partiave show that private and
social incentives to disclose information early on are fignad. We also show that the more
efficient and thus larger firm discloses information if firms hewaflicting interests.

Our analysis contributes to the literature on the econowofieslvertising (see Bagwell (2007)
for an excellent survey). It uncovers the role of advergsas consumer expectation man-
agement. Note that at the point of purchase consumers dydrfitdrmed so that there is no
role for informative advertising. However, since consusnare loss—averse, educating con-
sumers about their preferences or, alternatively, aboodymt characteristics, makes these
consumers informed in our terminology. Advertising thua camove the uncertainty con-
sumers face when forming their reference point. This formadfertising can be seen as a
hybrid form of informative and persuasive advertising leseait changes preferences at the
point of purchase—this corresponds to the persuasive viad\eertising—, albeit due to in-
formation that is received ex ante—this corresponds tortfegmative view of advertising. It
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also points to the importance of the timing of advertisingr. éxpectation management it is
important to inform consumers early on.

Other marketing activities can also be understood as malkingumers informed at the stage
when consumers form their reference point. For instansg diéves for cars or lending out
furniture, stereo equipment, and the like make consumérsnred early on. Arguably, in re-
ality uncertainty would otherwise not be fully resolved ea the purchasing stage. However,
to focus our minds, we only consider the role of marketingvéts on expectation formation
before purchase. In short, in our model firms may use maggétirmanage expectations of
loss—averse consumers at an early sfage.

Our paper can be seen as complementary to the work on conseareh in product markets
(see e.g. Varian (1980), Anderson and Renault (2000), daresssd Moraga-Gonzlez (2004),
Armstrong and Chen (2008)). Whereas that literature facusethe &ect of diferential
information (and consumer search) at the purchasing stag@aper abstracts from this issue
and focuses on thetfect of diferential information at the expectation formation stagéctvh
is relevant if consumers are loss aversion.

We will discuss the connections to a number of the above cbedributions in more detail

in the main text. The plan of this chapter is as follows. Int®ec3.2, we present the model.
Here, we have to spend somgoet to determine the demand of uninformed consumers. In
Section 3.3, we establish equilibrium uniqueness and ibgiuin existence. Our existence
proof requires to bound the parameters of our model, inqa4dr, the two firms cannot be too
asymmetric for equilibrium existence to hold. In Sectiod,3ve obtain comparative statics
results. First, we characterize equilibrium under costregtny and, secondly, analyze the im-
pact of the degree of asymmetry on equilibrium outcomestdijhand most importantly, we
analyze the #ect of changing the share of ex ante informed consumers oketnautcomes.

In Section 3.5 we provide two extensions. Section 3.6 calegu

"For a complementary view see Bar-lsaac, Caruana, and C20GT)
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3.2 The Model

3.2.1 Setup

Consider a market with two asymmetric firmfsandB, and a continuum of loss—averse con-
sumers of mass 1. The firms’ asymmetry consists fiécénces in marginal costs. Here, the
more dficient firm is labeled to be firmd—i.e., ca < cg. Firms are located on a circle of
length 2 with maximum distancg, = 0, yg = 1. Firms announce pricgs, andpg and prod-
uct locations to all consumers. Consumers of mass one d@mhy distributed on the circle
of length 2. A consumer’s locatiox; x € [0, 2), represents her taste parameter. Her taste is
initially, i.e., before determining her reference poimipkvn only to herself if she belongs to
the set of informed consumers. Note that consumefiemintial information here applies to
the date at which consumers determine their reference poohthot to the date of purchase:
at the moment of purchase all consumers are perfectly irddrabout product characteristics,
prices, and tastes. However, a fraction-(3) of loss—averse consumers<@® < 1, is initially
uninformed about their taste. As will be detailed belowytkeadogenously determine their
reference point and then, before making their purchasiogsa, observe their taste param-
eter (which is private information of each consumer). Alhsomers have reservation value
v for an ideal variety and have unit demand. Their utility froot buying is—co so that the
market is fully covered.

Two remarks about our modeling choice are in order: Firstcaudd alternatively work with
the Hotelling line. Results directly carry over to the Hbte model in which consumers are
uniformly distributed on the [QL]-interval. Second, the circle model allows for an altéxea
and equivalent interpretation about the type of informmaBome consumers initially lack: at
the point in time consumers form their reference point diatron, they all know their taste
parameters but only a fraction @8) does not know the location of the high— and the low—
cost firm. These uninformed consumers only know that the twiasfiare located at maximal
distance and that one is a high— whereas the other is a lowftos

To determine the market demand faced by the two firms, letrif@med consumer type
in [0, 1] who is indiferent between buying goodl and goodB be denoted by (pa, Ps)-
Correspondingly, the infierent uninformed consumer is denoteddy(pa, ps). Since market



3.2. THE MODEL 37

shares on [O1] and [1, 2] are symmetric, the firms’ profits are:

7a(Pas Pe) = (Pa — CA)[B - Xin(Pa, Ps) + (1 = ) - Xun(Pa. PB)]
me(Pa. Pe) = (Pe — C8)[B * (1 — Xin(Pa, Pe)) + (L = B) - (1 — Xun(Pa. PB))]-

The timing of events is as follows:

Stage 0.) Marginal costg/, cg) realize (and become common knowledge among firms)
Stage 1.) Firms simultaneously set pricpg, (Ps)

Stage 2.) All consumers observe prices and

a) informed consumers observe their tas{éor them uncertainty is resolved)

b) uninformed consumers form reference point distributi@ar purchase price and
match value, as detailed below

Stage 3.) Inspection stage: Entering the shop also uniddroonsumers observe their tagte

(uncertainty is resolved fall consumers)

Stage 4.) Purchase stage: Consumers decide which produgy:to

a) informed consumers make rational purchase decisidrefichmark case)

b) (ex ante) uninformed consumers compare price and matah (@ each product)
with the reference point distribution and choose the mogealing product

At stage 1 we solve for subgame perfect Nash equilibrium,reviiems foresee that unin-
formed consumers play a personal equilibrium at stage 2isoRal equilibrium in our context
simply means that consumers hold rational expectationtabeir final purchasing decision;
for the general formalization see Koszegi and Rabin (200®thout loss of generality we
consider realizations, < Cg.

3.2.2 Demand of informed consumers

Let us first consider informed consumers. They ex ante obgwives and their taste parame-
ter and therefore do not face any uncertainty when formieg tieference point. Hence, their
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behavior is the same as the behavior of unboundedly ratmredumers in a classical Salop
model. For pricep, andpg an informed consumer located»abbtains the following indirect
utility from buying product

(X pi) =v=ty =X - pi,

wheret scales the disutility from distance between ideal and &dt¢aste on the circle. The
expressionv — tly; — x| then captures the match value of produébr consumer of typex.
Denote the indferent (informed) consumer between buying from f&andB on the first half
of the circle byx, € [0, 1] and solve for her location given prices. The informed fifeatent
consumer is given by

(t+ pe — pa)

> (3.1)

Xin(Pas PB) =

Symmetrically, a second inierent (informed) consumer type is located at 2,(pa, Ps) €
[1,2]. Without loss of generality we focus on demand of consgnitween 0 and 1 and
multiply by 2. Cost diferences influence the location of ifigrent consumers via prices:
If asymmetric costs lead to asymmetric prices in equilibridhen the indierent informed
consumer will also be located apart fron2l(resp. 32), the middle betweeA andB.2

3.2.3 Demand of uninformed consumers

Uninformed consumers do not know their ideal taséx ante. Since they cannot judge which
product they will buy before they inspect products and l¢hgir ideal taste, they ex ante
face uncertainty about their match value and purchase @iteugh they know firms’ prices
already). With regard to this uncertainty uninformed canets form reference point distribu-
tions over match value and purchase price. Following Headland Koszegi (2008) they will
experience gains or losses in equilibrium depending om tealized taste and their purchase
decision. These gains and losses occur in two dimensioadaste dimension (as determined
by the fit between idiosyncratic taste and product charaties) and in a price dimension.
In both dimensions losses are evaluated at atated gains at a rate 1 with> 1. This re-
flects widespread experimental evidence that losses aigaged more negatively than gains.

8E.g. if there are only informed consumexg, = 1/2 + (cs — ca)/(6t) in equilibrium . This is closer t@® for
Cg > Ca. Thus, the low—cost firm serves a larger market share.
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Three properties of this specification are worthwhile pombut. First, consumers have gains
or losses not about net utilities but about each productréattaristic’, where price is then
treated as a product characteristic. This is in line with Imoicthe experimental evidence on
the endowmentféect; for a discussion see e.g. Koszegi and Rabin (2006).n8econsumers
evaluate gains and lossasrossproducts’ This appears to be a natural property for con-
sumers facing a discrete choice problem: they have to carthamerits of the two products
to each other. In other words, consumers view the purchakanggion with respect to these
two problems as a single decision problem. Third, to redheenumber of parameters, we
assume that the galoss parameters are the same across dimensions. This appdarthe
natural benchmark.

While our setting is related to Heidhues and Koszegi (2088¢ @lso Heidhues and Koszegi
(2005) for a related monopoly model) our model has thre@jsishing features. First, firms’
deterministic costs are known by their competitor. Thigaenty is in line with a large part of
the industrial organization literature on imperfect cotitpmn and is approximately satisfied
in markets in which firms are well-informed not only aboutithevn costs but also about
their relative position in the market. Second, prices areaaly set before consumers form
their reference poin® This property applies to markets in which consumers are fifoen
start well-informed about the price distribution they fatéhe market. This holds in markets
in which firms inform consumers about prices (but consumegsiratially uncertain about
the match value and thus their eventual purchasing degisioim which prices are publicly
posted! Third, there is a fraction of (+ ) of uninformed consumers who face uncertainty
about their ideal tastg and a fraction ofs informed consumers who know their ideal taste
ex ante. As motivated in the introduction, various justtimas for diferential information at
the ex ante stage can be given. Consumeterdoy their experience concerning the relevant
product feature. Alternatively, a share of consumers kriwat they will be subject to a taste
shock between forming their reference point and making theichasing decision. These
consumers then do not condition their reference point oexhemte taste parameter, whereas

9Gains and losses also matter in the price dimension becewse though prices are deterministic, they are
different across firms. Hence, a consumer who initially does notvkher taste parameter is uncertain at this
point in time about the price at which she will buy.

1°This is particularly appropriate in market environmentsvirich price information has been provided from
the outset, while uninformed (or inexperienced) consuméserve the match value only when physically or
virtually inspecting the product.

Note that in an asymmetric market firms seffelient prices. Hence, although prices are deterministic, a
consumer who does not know her taste parameter is uncefiaint ¢he price she will pay for her preferred
product.
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those belonging to the remaining share do.

Consider an uninformed consumer who will be located after her ideal taste is realized.
Suppose firms set pricgs and pg in equilibrium. Then the uninformed consumer will buy
from firm Aif x € [0, Xun(Pa, Pe)] YU [2 — Xun(Pa, PB), 2], Wherex;n(pa, pg) is the location of the
indifferent (uninformed) consumer we want to characterize. Heheaininformed consumer
at x will pay pa in equilibrium withProb X < Xun(pa, Pg) V X > 2 — Xun(Pa, Pe)] @and pg with
Probf Xun(pa, Ps) < X < 2 — Xun(Pa, Pe)]. Sincex is uniformly distributed on [02] we obtain
thatProb[x < Xun(pa, Pe) Vv X > 2—Xun(Pa, Pe)] = Xun(Pa. Pa), i-€., from an ex ante perspective
pa is the relevant price with probability PrabE pa] = Xun. Correspondingly, the purchase at
price pg occurs with probability Prolf = pg] = 1 — Xun.

The reference point with respect to the match value is thervation valuey minus the ex-
pected distance between ideal and actual product tasts timeetaste parameter The dis-
tribution of the expected distance is denoteddfg) = Prob(|x - y,| < s), wheres € [0, 1],
the location of the firny,. € {0, 1}, and the consumets purchase strategy in equilibrium for
given prices is denoted hy € {A, B}, o € arg maxea g Uj(X, pj, P-j)-

Sincecy < cg, We restrict attention to the cagg > 1/2, i.e., firmAhas a weakly larger market
share than firnB also for uninformed consumers. Given that some uninfornoedemers will
not buy from their nearest firnG(s) will be kinked. This kink is determined by the maximum
distancex — yg| that consumers are willing to accept buying the more expermioductB,
s=1- X,nbecause < 1 — X,, holds for consumers close to eith®or B, while s> 1 — X
only holds for the more distant consumersfofHence, the distribution ofis

2s if se[0,1- X
G(s) = s+ (1—Kyn) if S€ (1~ Kyn, RKun]

1 otherwise

Note that if the indiferent uninformed consumer is located in the middle betweand B,
Xun = 1/2, the expected distance between ideal and actual proditetEds], is minimized
and equal to 74.

Following Koszegi and Rabin (2006), after uncertainty isofged consumers experience a
gain—loss utility: the reference distribution is split gy ach dimension at the value of re-



3.2. THE MODEL 41

alization in a loss part with weight > 1 and a gain part with weight 1. In the loss part the
realized value is compared to the lower tail of the referatis&ibution; in the gain part it is
compared to the upper tail of the reference distribution.

Consider the gain—loss utility of an uninformed consumeated atx, at the moment she
decides whether to purchase the product. Recall that gidimsshe knows her taste parameter
X. The initially uninformed consumer now decides which prctdo buy taking into account
her intrinsic utility from a product and her gain—loss wyilvhen she compares the price—taste
combination of a product with her two—dimensional refeeepoint distribution.

First, consider the utility of an uninformed consumer fropuachase of produ@ when this
consumer is located ate (1 — Kyn, 1].%2

Ua(X, Pa, P8)  =(V—1tX—pa) — 4 - Prob[p = pa](pa — pa) + Prob[p = ps](ps — pa)
X 1
—ﬂ-tfo (x— s)dG(s)+tfX (s—x)dG(s), (3.2)

where the first term is the consumer’s intrinsic utility frgmoductA. The second term is the
loss in the price dimension from not facing a lower price tipan This term is equal to zero
becausep, is the lowest price fiered in the market place. The third term is the gain from
not facing higher price thapa, which is positive. The last two terms correspond to the loss
(gain) from not facing a smaller (larger) distance in thégaémension tham. An uninformed
consumer’s utility from a purchase of produigts derived analogously,

Ug(X, Pa, Ps) =V—1t(1-Xx) — pg =1 - Prob[p = pa](Ps — Pa)
Intrinsic utility Loss from facing a highep thanpa
1-Xx 1
-A-t (1-x)—9dG(g)+ t (s— (1 - x)dG(s)
0 1-x

Loss from facing larger distance than 0  Gain from facing smaller distance than 1

(3.3)

This allows us to determine the location of the iiielient uninformed consumey,,.”

12The indiferent uninformed consumer will be locatedkat X, therefore (& ., 1] is the relevant interval
for determiningxn.
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Lemma 3.1: Suppose that,, € [1/2,1). ThenX,, is given by

. 4 Ap Ap2 (1+2) (A + 1)
Xn(AP) T T \/16t2 "ot tagoye ©Y
=S(Ap)
whereAp = pg — Pa.
The square rooS(Ap), is defined forAp € [0, Ap] with
Ap=z 2 (2(1 12 - Jea+2P—(+ 1)2) (3.5)
(1-1) ’

which is strictly positive for alll > 1. It can be shown that fot > 3 + 25 ~ 7.47,
Xun(Ap) € [1/2,1] for all Ap € [0,Ap]. Given monotonicityx;,(Ap) expresses the upper
bound on firmA’'s demand from uninformed consumers f@r= 0. If the degree of loss
aversion is smaller) < 3 + 25, Xun(Ap) rises above one. Hence, we define another upper
bound on the price éfierence AR, with AP < Ap by the solution to;,(Af) = 1. We can solve
explicitly,

(A+3)t
21+ 1)

AP = (3.6)
The location of the indferent uninformed consumeg,,; has a number of properties. Clearly,
%un(0) = 1/2, i.e. market splits equally under symmetric prices. Apotbbvious property
is thatXn(Ap) is equal to the demand of firiA if only a measure zero set of consumers is
informed, i.e,83 = 0.

It can be shown that the first derivative rf,(Ap) with respect toAp, X, (Ap), is strictly
positive for allAp € [0, Ap]:

o 1 1 Ap  (1+2) )
(AP = -2 = 2 5ap) (8t2 (1= 1)
At Ap = 0 the first derivative ok;,(Ap) is equal to
1 (1+2

Xin(0) = -7 * 2t + 1)
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X ,(0) is approaching A2t) from below fori — 1 and ¥(4t) from above ford — co. This
implies that, evaluated atp = 0, demand of uninformed consumers reacts less sensitive
to price changes than demand of uninformed consumers—wenrti this property in the
following section. Moreoven,,(Ap) is strictly convex for allAp € [0, Ap].

B+)(B+3)

642 (SAP)

)’Z:J/n(A p) =

Finally, it can be shown that the level of convexity>@f(Ap) is strictly increasing int.

3.2.4 Demand comparison between informed and uninformed csumers

In this subsection we establish a number of properties whemparing market demand for
uninformed relative to informed consumers, i.e. we compase\p) and X,(Ap) with one
another.

The first property is a continuity property. Far— 1, the indirect utility function of un-
informed consumers fiers from the one of informed consumers only by a constansg (thi
can be called a levelfiect). Equation (B.3) collapses to a linear equation and weive
Xun(Ap) = Xin(Ap) as a solution in this case. This means that if consumersqual eveights
on gains and losses, th&ect of comparing expectations with realized values exaehcels
out when a choice between two products is made.

The next properties refer to the sensitivity of demand waipect to price. The first derivative
of Xn(Ap) w.r.t. Apis equal to X(2t) for all Ap. Thereforex' (0) is strictly larger tharx,(0).
This implies that the demand of uninformed consumers, evatlat equal prices reacts less
sensitive to price changes than the demand of informed coaisu

Evaluated at large price fierences, this relationship is possibly reversed:Afpr— Ap the
square rootS(Ap), becomes zero ang,,{Ap) rises to infinity. Thusx[,(Ap) > X (Ap) =
1/(2t). Demand of uninformed consumers, evaluated at a large plifference reacts more
sensitive to an increase in the pricéfeience than the demand of informed consumers. (This
property is satisfied if the infferent consumer at this pricefiirence is strictly interior; oth-
erwise some more care is needed, as is done in the followtipee

Due to monotonicity of’, (Ap) and applying the mean value theorem, there exists an inter-
mediate price dferenceAp € [0, Ap] such thatx] (Ap) = X (Ap) = 1/(2t). This critical price
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The Figure shows the location of the iffé@rent consumers(demand of firmA) for in-
formed and uninformed consumers as a function of prifeidinceA p for parameter
values oft = 1 andA = 3: Ap = 0.8348,Ap = 3/4 andAp = 0.2789.

Figure 3.1: Demand of informed and uninformed consumers

difference can be explicitly calculated as

t@V§%2a+2»—3-JQQ+2»L_@+1y)

9

V2(1 - 1)

which is strictly positive for alk > 1 sinceAp(1 = 1) = 0 andAp’(2) > O.

Hence, we find that the demand of uninformed (or loss—avem®umers is less price sen-

sitive than the demand of informed consumers if pridéedeénces are smal\p < Ap. The

underlying intuition is that for small price fiierences loss—averse consumers are harder to

attract by price cuts because their gain from lower pricesuisveighed by their loss in the

taste dimension if they change producers. Thus, demandsféverse consumers reacts less

sensitive to price in this range. For large pric&etiences, however, their gain from lower

prices starts to dominate their loss in the taste dimensgioonsumers switch to the cheaper

producer. Therefore loss—averse consumers are more geitgitive than informed (or clas-

sical Hotelling) consumers fakp > Ap. In section 4 it becomes apparent that this demand

characteristic is a driving force for our comparative statisults.
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3.3 Market Equilibrium

In this section we focus on the market equilibrium of the firprece—setting game. We derive
market conditions under which equilibrium exists and undgéich it is unique. We start
by showing some properties of market demand which will bededdater to prove some of
the results. We then give an equilibrium characterizatiefoke turning to uniqueness and
existence.

3.3.1 Properties of market demand

For notational convenience we first define an upper boundherptice diference (which
depends on the parameté@ndA):

Ap, ifl<A<25
Apmaxz{ S (3.7)

Ap, if 1> A°.

with 2° = 3+ 25 ~ 7.47. Note that\p € [t - (V5 - 1)/2,t) ~ [0.61&,t) for 1 < 1 < A° and
Ap e (t-2(V3-2),t- (V5-1)/2) ~ (0.53&,0.618) for 2 > A°. Using results from Section
2.4, we define the upper bound of fil¥s demand of uninformed consumers&as

Xun(AP) =1, ifl<A<AS,

Kun(AP™™) = 3.8
(A7) {xm(md, if 4> 1°. 59

133n(AP) = oy — 2N WAF (35 1) for 4 > A,

20-1)

i.e. Xun(Ap) is lower than one for > A°. This leads to a jump in demand of uninformed consumengdtom
Xun(Ap) to one (see the definition ofa(Ap; B)), asX,,(Ap) — .
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Combining (3.1) and (3.4), we obtain the market demand of Aras the weighted sum of the
demand by informed and uninformed consumers,

Xun(Ap), 1fO < Ap < Ap™

AD; A 1-
da(Ap;B) =B %n(Ap) +(1-5)- {1’ 1> Ap > Apre

{; (1-38)Ap+ (1B - (1-A)S(Ap), if0 <Ap<Ap™™

B- 220 4 (1-p), if t>Ap > Apma
o(Ap; B), ifO < Ap < Ap™

LA . (3.9)
B +(1-p), ift>Ap>Apm

where

AP (A+2) (A + 1)
S(Ap) = \/16t2 T a0 Pt ago e

The demand of firmA is a function in the price dierenceAp, which is kinked atAp™®* and
for Ap™* = Ap additionally discontinuous atp™ It approaches one faxp = t.1* Firm
B’s demand is determined analogouslydAp; 8) = 1 — ga(Ap; B). In the following we are
interested in interior equilibria in which products are ghtiby a positive share of uninformed
consumers, i.eAp is lower thanAp™@*1®> We next state properties ¢{Ap; 8), the demand of
firm Ain this case?®

Lemma 3.2: For 0 < Ap < Ap™® the demand of firm A, Ap;B) = ¢(Ap;B) is strictly
increasing and convex iAp.

We note that also the third derivatiwg;’, is greater than zero. However, the derivativepof
with respect t@ can be positive or negative. The first derivative of the deshaA w.r.t. 8 is

At Ap = t firm A serves also all distant informed consumers which are haodattract than distant unin-
formed consumers because the latter face a loss in the pnmndion if buying from the more expensive firm
B. ForAp > t demand of firmA shows a second kink. This region we ignore since we are stesién cases in
which both firms face a positive demand.

15This corresponds to industries in which firms are not too asegitric.

18We will use¢ as a short—hand notation fo¢Ap; 5).
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the diference of the demand of informed and uninformed consumers:

dp(Ap; B) 3 A+1
Tah = 4= %al8D) - RnlAP) = AP 57T

+S(Ap) =0

with ¢5 = 0 atAp = 0 andAp = t/2.
This expression is of ambiguous sign, as has been pointed the previous section. We also
note that cross derivative of the demandtofi.r.t. Ap andg,

82 2t(1-1))

6¢’ 3 1 Ap (1+2) )

75 = %= %lAn) ~ Ko(An) = 7+ s

is of ambiguous sign. This derivative has the boundary biehévat¢, = 0 atAp. andg, —
oo for Ap = Ap; the latter holds becau&{Ap) = 0.

3.3.2 Equilibrium characterization

We next turn to the equilibrium characterization. At thetfstage firms foresee consumers’
purchase decisions and set prices simultaneously to maipnofits. This yields the follow-
ing first—order conditions:

oni 6q
— = g+ Gl =0 Vie{AB
6p| q| (p| |) { }

If the solution has the feature that demand of each group éuwmers, informed and unin-
formed, is positive, then first—order conditions can be esped by

0

8_7;),/: = ¢—(pa—cCa)p’ =0 (FOC,)

0

a—”B - (1-¢) - (ps - Ca)¢’ = O. (FOCe)
Pe

In this case concavity of the profit functions would assui the solution characterizes an

equilibrium.
azﬂ-A 4 7’
o2 = —2¢" + (pa—cCa)¢” <0 (SOG)
ap,
(92
Al —-2¢" — (ps — Cg)¢” < 0. (SOG)

ap’
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Given the properties ap—particularly thaty is strictly increasing and convex f@r < 1—
S OG holds globally, whileS OG, is not necessarily satisfied. Using thpk & ca) = ¢/¢’ by
FOC,, S OG, can be expressed as follows

—2(¢")* + ¢¢” <O0. (3.10)

It can be shown that (3.10) is satisfied for snaghl(and) while it is violated forAp — Apas

¢” goes faster to infinity il\p than ¢’)2.1 This violation reflects that fird has an increas-
ing interest to non—locally undercut prices to gain thererdemand of uninformed consumers
whenAp is large. The driving force behind this is that loss aversiothe price dimension
dominates loss aversion in the taste dimension if pri6edinces are large. Moreover, large
losses in the price dimension if buying the expensive proBunakes far—distant consumers
of A more willing to opt for produci.

We will discuss the issue of non—interior solutions and rxstence in Proposition 3.2, but
focus next on interior solutions. We denote an equilibriuithwerices @, pg) that is deter-
mined by an interior solution as an interior equilibrium.

Lemma 3.3: In an interior equilibrium with equilibrium price¢p,, pg), the price diference
Ap* = pg — p, satisfies

Ap* = Ac+ f(Ap";B) VB €]O0,1],Ap feasible (3.11)

with Ac = cg — cp and f(Ap; B) = (1 - 2¢)/¢’ .

Thus, (3.11) implicitly defines the optimalp as a correspondence &€, 3, A, andt.'®

3.3.3 Equilibrium uniqueness

In Proposition 3.1 we state conditions under which an intezguilibrium is unique. Given
parameterd andt, the condition states that the cost asymmetry between fgmatitoo large.

This implies thatra is not globally concave. We will show later that it is neitlgdobally quasi—concave.
Moreover, the non—concavity @ becomes more severe Ap (resp.—pa) increases.
18Besidess the latter two parametersfact the functional form of via ¢.
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f(Ap;B) + Ac: solid, Ap:dashed

The Figure shows the equilibrium condition (3.11)A&t = Ap for parameter values
of3=0,t=1,andl = 3: AP =0.75,Ap = 0.8348.

Figure 3.2: Two potential interior equilibria

ProposiTioN 3.1: An interior equilibrium is unique if

2t

Ac< Ap= -1

(2(1 L2 - Jea+2P—(+ 1)2), (3.12)

whereAp depicts the critical value ofp such that the §\p) in X.n(Ap) is equal to zerd?

3.3.4 Equilibrium existence

The next proposition clarifies the issue of equilibrium exiee. It deals with the non—
concavity of firmA'’s profit function by determining critical levels for firrA’s incentive to
non—locally undercut prices. Moreover, it is shown that-+noterior equilibria fail to exist.

Proposition 3.2: An interior equilibrium with pricegp;, pg) existsif and only if

19Cf. equation (3.5).
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1. Ac satisfies
Ac < A" = maxAp™ — f(Ap™%; B), 0}, (3.13)
with Ap™ being implicitly determined by the following non—deviatzmndition

o (oap™:5) - )

A “d:{A | Ap = Ap™® - AP %A maX}, 3.14
p PIAp=Ap N T Y Y ( )
whereg(Ap™™ ) = B+ Xin(AP™) + (1-B) < 1,
2. and ifAp" < 0, 8 additionally satisfies
B > (), (3.15)

with 8°™(2) being an increasing function inwhich is expressed by

0, if 1e(L1+2V2);
M) =1 pIi(1) € (0,0.349)  ifde(1+2V2A; (3.16)
BEM(2) € (0.349 0.577) if 1> A%

Moreover, any equilibrium is interior.

Before turning to the proof, let us comment on this propoaitiT he result shows that an equi-
librium exists if firm A has no incentive to non—locally undercut prices. In fad,ititentive to
undercut prices increases in more asymmetric industriésranore loss—averse consumers.
For a low degree of loss aversion €11 < 1+ 22 ~ 3.828) equilibrium exists if the cost
difference between firms is not too large (see (3.2%3)h this case, an equilibrium exists
for all values of3. However, if the degree of loss aversion rises further, léagida only exist

if there is a sfficiently large share of informed consumers. Such a largeestfainformed
consumers reduces the undercutting incentive of A&tnThe possible non—existence due to
undercutting even holds for symmetric industries. Agditheé share of informed consumers
is suficiently large, an equilibrium exists; e.g. if 60% (which iegter than 57.7%) of the

2ONote that according to experimental work on loss aversidakes the value of approximately 3, which is
within this range.
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consumers are informed then an equilibrium exists in symmetdustries for any level of
loss aversion > 1.

In the proof we first provide the critical level @fc for which the equilibrium condition in
(3.11) is satisfied fopotentiallyinterior equilibria. We next identify the set of interior g
libria which locally satisfy theS OCs and which are robust to non—local price deviations of
firm A. Finally, the existence of non—interior equilibria is refd.

We conclude this section by a numerical example. Fer3,t = 1 andg = 0, the following
price diferences arisap™ = 0.27889,Ap® = 0.69532,Ap™ = AP = 3/4, andAp =
0.834852?* Moreover,Ac" is equal to Ap™ — f(Ap"%; 0)) = 0.75963, i.e. an equilibrium
exists forAc < 0.75963. Compare table B.1 and B.2 in the appendix with= 0.25 and 075
atB = 0. For non—existence git= 0 consider Figure 3.2 and B.1 wittc = Apand 1.

Table 3.1 depicts the critical level of pricefidirences and costftierences for non—deviation
for 3 > 0 andA > 3. It can be seen that afSciently large share of informed consumers
dampens firmA’s incentive to deviate even if the degree of loss aversiaotres hight?

Table 3.1: Non—deviation condition

The table shows the variation ap" andAc™ in 8 and .

B_| APY(B) ACM(B) | ApMB)  ACY(p) | ApM(B)  ACM(p)
1.0 - - - - - -

0.8| 0.648337 1.75869 0.372669  1.07069 0.294726 0.857815
0.6| 0.543254 1.45317 0.23824  0.686206 0.150303 0.440498
0.4| 0.459237 1.22329 0.107415 0.314749 0.000320 0.000959
0.2| 0.377489 1.00993-0.0719496 - |-0.229582 -
0.0| 0.278889 0.75963 -0.521395 - -1.0704 -

Finally, the critical for existence of symmetric equilibrig & 5°(1)) is depicted in Figure
3.3.

2IFigure B.2 in the appendix depicts the determination pt for these parameter values.

2Note that forAc"(8) > Ap potential second equilibria can arisesecond intersection ofp and Ac +
f(Ap; B), compare Figure 3.2). However, those equilibria can bedolut by the non—deviation condition since
Ap™ > Ap"9(B). This means that by combining uniqueness and existenatamrs equilibrium uniqueness can
be granted for a broader class of industries.
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The Figure shows the critical amount of informed consumgr(1), for which sym-
metric equilibria exist as a function of the degree of lossraond > 1. Parameter
values areAc = 0 andt = 1: Ap™(Ac = 0,8 = (1)) = 0. non—deviation for
B> chrit(/l)'

Figure 3.3: Non—deviation for symmetric industries

3.4 Comparative Static Analysis

In this section we focus on comparative static propertiethefequilibrium. As a starting
point, we analyze comparative statics properties of symometarkets, i.e., markets in which
ca = Cg. We then investigate the role of cost asymmetries and thrariduhe role of the degree
of initial information disclosure (captured by the sharendébrmed consumers) in asymmetric
markets. Finally, we investigate thé&ect of various demand characteristic on equilibrium
outcomes.

3.4.1 Symmetric Market

In contrast to Heidhues and Koszegi (2008) our framewormbwalus to explicitly solve for
equilibrium markup in our model. The following result cheterizes the symmetric equilib-
rium.

Proposition 3.3: For Ac = 0, any equilibrium is unique and symmetric. Equilibrium psc
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are given by

pi=Ci+ =AB. (3.17)

—_—
(1-p) (a-1)°
1- 2 (+1)

For Ap*(B) = 0 loss aversion about prices is irrelevant even for uninémonsumers. In this
situation uninformed consumers exclusively try to avoislsies in the taste dimension. This
reduces the attractiveness of a lower—priced firm and treuprilbe elasticity of demand. This
can be exploited by the firms the higher the degree of loss@reand the higher the share
of uninformed consumers. Since firms apply a markup over imalrgosts equilibrium profits
are independent of the level of marginal costs.

Three comparative statics results are immediate.

Cororrary 3.3.1: For Ac = 0 and A > 1, equilibrium markup is decreasing in the share of
informed consumes.

This follows directly from diferentiating (3.17) with respect fhand means that as the share
of informed consumers increases the firms’ markup decre&sesher words, informed con-
sumers exert a positive externality on uninformed consamehis prediction is in line with
alternative models from the search literature, where aftaspare of consumers who do not
know some products exert a negative externality on thosedehd\evertheless our frame-
work is substantially dferent since all consumers are fully informed at the momepuof
chase. Here, an externality also arises due to uncertdititg anoment consumers form their
reference points. With respect to recent work with behalibiases, our result is of interest
in the light of claims that better informed consumers aressfgubsidized at the cost of less
informed consumers. This, for instance, holds in Gabaix laatison (2006) where only a
fraction of consumers are knowledgeable about their fui@rand of an “add—on service”,
while other consumers are “naively” unaware of this. Thievgh that the particular type of
behavioral bias is central to understand the competititexteof changes in the composition
of the consumer population.

Our first comparative statics result in the symmetric sgttmplies that firms do not have

23This is a standard property of models with demand aggregatexdthe two products that is perfectly price
inelastic (more specifically of spatial models with full evage).



54 CHAPTER 3. PRICING AND INFORMATION DISCLOSURE

an incentive to inform consumers at an early stage. Howekierg is a potential role of
public authorities to inform consumers about their matclueat an early point in time so
that all uncertainty is resolved early on. This increasaspetitive pressure and thus lead
to higher consumer surplus. As we already pointed out inritreduction, it is not required
that public authorities aim at eliminating the behavionalstdirectly (and thus to manipulate
consumer preferences) but rather to disclose informatian aarly stage. This neutralizes the
behavioral bias (but does not change the consumers’ utiiitgtion). This insight provides a
novel rational for information disclosure by public autiies due to behavioral biases in the
consumer population.

Secondly, equilibrium markup is increasing in the degreless aversiond. For4 — 1 firms
receive the standard Hotelling markuptofThirdly, equilibrium markup is increasing in the
inverse measure of industry competitivendssi-ort — 0 firms face full Bertrand compe-
tition and markups converge zero for all levels of loss awers This shows that consumer
loss aversion does noffact market outcomes in perfectly competitive environmants our
results rely on the interaction of imperfect competitiowl drehavioral bias. The second and
third comparative statics results are rather obvious liihsteworthy.

Table 3.2: Symmetric Equilibrium: Equilibrium Markups

The table shows the variation of (Ac = 0,3, 1) = p/(Ac = 0,5, 1) - G
foralli € {A B} in B andA.

|41 2 3 3.8284 5 7 9 00

1 1 1 1 1 1 1 1 1

0.8 1 1.03448 1.05263 1.06222 1.07143 1.08108 1.08696 1.11111
0.6 1 1.07143 1.11111 1.1327 1.15385 1.17647 1.19048 1.25
0.4 1 1.11111 1.1v647 1.2132 1.25 1.29032 1.31579 -

0.2 1 1.15385 1.25 1.30602 1.36364 - - -

0 1 1.2 1.33333 1.41421 - - - -

Table 3.2 shows the variation of equilibrium markups in thare of informed consumegs
and the degree of loss aversiofor fully symmetric marketsAc = 0). We make the following
observations: (1) The highest markup is reached when afiugoers are uninformed and the
degree of loss—aversion approaches its critical levebistence in symmetric markets= 1+
22 ~ 3.82843%* (2) If the share of informed consumers igfiently large (above 57.7%)

24Compare Figure 3.3.
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symmetric equilibria exist for all > 1. With such a large share of informed consumers the
equilibrium markup is below its maximum level since the daohaf informed consumers is
more elastic and thus dampens the firms’ incentives to skehigrices.

3.4.2 The role of cost asymmetries

In this subsection we take a first look at comparative staiioperties of the asymmetric
market. Here we focus on the degree of cost asymmetry, edettel of Ac = cg — Ca.

Proposition 3.4: In equilibrium, the price dferenceAp*(Ac,p) is an increasing function in
the cost asymmetry between firias MoreoverAp*(Ac,B) > 1/3.

This result says that the more pronounced the cost asymiietiarger the price elierence
between high—cost and low—cost firm. This result shows ttaatdsard comparative statics
result with respect to costfiierence are qualitatively robust to consumers being lossave
However, in our model the marginafect of an increase in costftkrences on price variation
is much stronger if some consumers are loss averse. To seethé thatdAp*(Ac)/dAc is
equal to 13 forB = 1, i.e. if all consumers are informed. This coincides with gtandard
Hotelling case. By contrast, fg8 < 1 our model predicts exacerbated price variation in
markets with cost asymmetries.

This is in stark contrast to Heidhues and Koszegi (2008) whund that price variation is
reduced in markets with loss—averse consumers. THisreihce arises because in our model
prices are set early and become transparent before constmner their reference point dis-
tributions. Consumers in our setup therefore incorpottader¢alized level of price variation
into their reference point distribution instead of formigxpectations about the future level of
price variation: they do not form beliefs about firms’ prietteg strategy but only about their
own product choice for given observed prices. This produadice is uncertain due to the
uncertainty about ideal tastes. Consumers thereforeattyridentify high—price firms before
forming their reference point distributions. Thiffexts firm behavior. They condition their
price—setting behavior on the costtdrence since they are informed about own and rival’'s
costs. It follows that high—cost firms have less incentiwegdol with more éicient firms in
our setup than in Heidhues and Koszegi (2008).
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Let us now look at the individual prices set by the two firmsr E@mparative statics we use
markupsm' = pf — ¢;, i € {A, B} instead of prices because markups are net of individuascost
and depend solely on costidirenceg® At the same time we could use individual prices but
focus on changes in rival’s costs only.

First, we observe that the low—cost firm’s markup is incnegsir decreasing depending on
the degree of market asymmetriesst diterences) and the share of uninformed consumers
in the market.

ProposiTioN 3.5: For 8 < 1 andA > 1, the equilibrium markup charged by the low—cost
firm m,(Ac) = p,(Ac,ca) — Ca is either first monotonously increasing and then decreasing
in the cost dfference if the share of informed consumgris high, or always monotonously
decreasing if3 is syficiently low. Forg = 1 or 4 — 1, m,(Ac) is always monotonously
increasing.

In the latter case when all consumers are informed or thevi@iahbias vanishes we receive
the standard Hotelling result that the low—cost firm facesmrgdr markup in more asymmetric
markets.

Note that, for3 = 1, dmi,/dAc collapses to 3. This implies that in the standard Hotelling
world without behavioral biaseg (= 1) the markup of the morefigcient firm is increasing
in the cost diference. The proposition thus shows that a local increadeecfdst diference
may have the reverséfect under consumer loss aversigng{ 1, 2 > 1). If the degree of loss
aversion and the share of uninformed consumers are higts @ibtain much higher markups
under symmetric costs than in the standard Hotelling warddnpare table 3.2). This leads to
a level dgfect due to high markups if costfterences increase: Firddecreases its markup
to gain more consumers already in slightly asymmetric ntarké does so although in these
markets price sensitivity of demand is lower than in the déad Hotelling world due to the
dominating loss in the taste dimension. Here, tifea of a high markup level dominates
the dfect of a low price sensitivity of demand. For intermediatahd strongly asymmetric
markets firmA decreases its markup even further since in these markesitgesensitivity
of demand becomes even larger than in the standard Hote#omlgi due to the dominating
loss in the price dimension. Under very large cofiiedences firmA’s markup might even fall

25This follows directly from firms’ first-order conditiondc affectsp; — ¢; = ¢(Ap)/¢’(Ap) via Ap.



3.4. COMPARATIVE STATIC ANALYSIS 57

below its level in the standard Hotelling case (compare feigu4).

Second, we consider the markup of fiBn

Proposrtion 3.6: The equilibrium markup charged by the high—cost firgiAe) = pg(Ac, cg)-
Cg is always decreasing in the cosfférence.

Note that forg = 1, dnf;/dAc is equal to-1/3. Thus the qualitative finding that the equi-
librium markup of the high—cost firm is decreasing in the atifference is preserved under
consumer loss aversion. Due to a leviéeet of high markups we find that firB's markup is
decreasing more strongly than in the standard Hotellingdweithout behavioral bias. How-
ever, the critical market asymmetry for which its markuppfrdelow its Hotelling level has
to be larger than for firmd\. This is presented in Figure 3.4.

m,(Ac; B) : solid, mi(Ac; B) : dashed g = 0vs. 1 :thick vs. thin

Colo e TS S R N AC
~ ~N
0.1 0.2 0.3 0.4 0.5 06 ~HOY_ >

The Figure shows the equilibrium markups of fikmand B for markets in which
either all consumers are uninformgd<£ 0) or informed Ebenchmark cas@, = 1) as
a function of cost dterences\c for parameter values df= 1 andi = 3: Ac"(8 =

0) = 0.75963.

Figure 3.4: Equilibrium markup of both firms



58 CHAPTER 3. PRICING AND INFORMATION DISCLOSURE

3.4.3 The role of information

In this subsection we focus on comparative statics resitsrespect tg, the share of initially
informed consumers. These results are relevant to evahfatenation disclosure policies by
public authorities and firms. The latter provide new insgginto the firms’ advertising and
marketing activities. Our first result concerns the equilliim price diference.

Proposition 3.7: The equilibrium price dferenceAp*(8) is decreasing irs.

The above proposition says that prices become more equiakahare of initially informed
consumers increases, or, in other words, that the popnlatierage becomes less loss—averse.
Put diferently, more loss—averse consumers lead to larger prferehces. This is in stark
contrast to one of the main findings in Heidhues and Kosz&§i§2who show in their setting
that consumers loss aversion is a rationale for focal pgoespared to a setting without be-
havioral biases in which firms would seti#rent prices (using our terminology they compare
a setting with mass 1 of uninformed consumers, Be= 0, to a setting with mass 0 of un-
informed consumers, which corresponds to a world withohBl®ral bias). Their message
is that consumer loss aversion tends to lead to the (mor&)l @giges; our finding says that
consumer loss aversion leads to larger pri¢gBedences of asymmetric firms.

Let us now look at the individual prices set by the two firms. fiké observe that the low—cost
firm’s price is monotone or inverse U-shape@idepending on the parameter constellation.

Proposrrion 3.8: The equilibrium price charged by the low—cost fira(4) may be increas-
ing or decreasing in the share of informed consungrg;(8) is monotonously increasing,
monotonously decreasing or first increasing and then destngging. It tends to be decreasing
for small and increasing for large costffirences.

The critical price diference (which implies the critical costfidirence) at which price locally
does not respond 1 (c.p. Ap, i.e. partial éfect) can be solved for analytically. The critical
Ap, which is a function oft andt and is independent ¢

t

ApSIPAIB () £y = 4(3+52)

((9 _(26-150)0) + V3. |- 1+ 51 V2@ + 2P = (1 - 1)2)
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For example, for parametens= 3 andt = 1 the critical price dierence, at which the price
of the low—cost firm reaches its maximum, satisfigs"?P~/%(3,1) = 0.2534. It is also

insightful to evaluate the derivative in the limesgsirns to 1. In this case we can also solve

dpa(Ap*(8)B) _ 0:

analytically for a criticalAp at which the total derivative gba is zero, i.e. g =

t3(1(31/1 +42)—41)— V21-7- 11V + 3)B1+5)

ApcritdpA/dﬁ(/l, t) = 2(/1 - 3)(9/1 - l)

atp=1

For exampleApctdra/ds(3, 1) = 7/26 = 0.2692 ai8 = 1. This means that, given parameters
A =3andt =1, if we observeAp*(1) = A < 0.2692 a small increase in the share of informed
consumers leads to a lower price of the moffeceent firm, dpa/dB8 < 0 (this confirms our
numerical results in table B.1 and B.2), while fap*(1) > 0.2692 the opposite holds, i.e.
dpa/dB > 0. (this confirms our numerical results in B.3).

The previous proposition implies that consumers who enduying from the low—cost firm
may actually be worsefbwhen additional consumers become informed ex ante. Canside
a change in policy frong to g/ with 8/ > . This parameterizes the market environment.
Some consumers buy from the low—price firm in both marketrenvents. For a sticiently
large cost asymmetry, the equilibrium price of the low—dost is locally increasing for all
environments betweghandg’. Hence, all those consumers of the low—cost firm whose ex ante
information is constant across the two market environmargsyorse & from information
disclosure to a share ¢f — g of consumers. This tends to occur in markets in which the
initial share of informed consumers is small and in whichdegmmetry (i.e. cost fference)
between firms is large.

What is the &ect on the price of the high—cost firm? Here our result is tatalely similar:
The price tends to be decreasinggifior small cost diferences and increasing for large cost
differences.

Proposition 3.9: In equilibrium, the price of the high—cost firn; () may be increasing
or decreasing in the share of informed consumegrspg(8) is monotonously increasing,
monotonously decreasing or first increasing and then destingging. It tends to be decreasing
for small cost dfferences and increasing for large costfdrences.
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We can also solve for critical values at which the compaeatiatics &ect changes sign:

t
20+ 1)+ 7)

Apcrit(?ps/ﬁﬁ(/l, t) = ((—23 +(1-101) +|5- 21 \/(2(/1 + 2))2 —(1- 1)2)

For instanceAp®™7Pe/%(3, 1) = 0.3201. At3 = 1 we can also solve analytically for a critical
aRAP ) _ (.

Ap at which the total derivative gbg is zero, i.e. 3

t(3(1(172 + 6) - 55)— V15- 11— 74| V(1 + 3)(31 + 5))
42(31 - 11)

A pcrit dpg/dB (/L t)

For instanceAp®tdre/d5(3 1) = 1/2 - (5V35- 29) = 0.2902 atg = 1. This means that for
Ap*(1) < 0.2902 we expectips/dB < 0 atp = 1 (compare table B.1 and B.2), while for
Ap*(1) > 0.2902 we expectip,/dB8 > 0 atg = 1 (compare table B.3). Thus, for this set of
parameter values the overaftect of a marginal increase pican indeed become positive if
price diferences (resp. cost asymmetries) become large enough.

Let us distinguish consumer groups by the product they coesie observe thatp®tdre/d (4, t) >
Apcitdpa/di( t) VA, t. Hence, for a larger range of cost parameters the price dfitire-cost
firm is locally decreasing (compared to the low—cost firm)isTmplies that, focusing on the
consumers whose ex ante information remains unchanged, ékists an intermediate range
of values of under which consumers of the low—cost product lose whereasuners of
the high cost product gain from an increase3inThis means that in such cases additional
information in the population benefits those consumers wirohase the high—cost product.
Since the high—cost product only serves a niche market weaalhyhese consumers niche
consumers. Hence, informed niche consumers are more tixélgnefit from an increase jh
than the other informed consumé®fs.

The above observation helps us to shed some light on infamatquisition by consumers.
A particular application are consumer clubs that providéyaaformation on match value to

its members. Whether existing club members have an ineetdiattract additional members
depends on the market environment. Our above observatsoniradiicates, that consumer
clubs may be more likely to be formed by niche consumers. W abte that a forward—
looking club may be willing to cope with increasing prices dowhile with the understanding
that, as the club further increases in size (reflected by enease i) prices will eventually

26The dfect on uninformed consumers is ambiguous from an ex antegetige since they buy the low—cost
and the high—cost product with positive probability.
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fall.

With respect to equilibrium demand our model generatesah@iing predictions.

doa(Ap*(B);8) _  dXn(Ap") dAp™ . . . _ adXn(Ap7) dApT o
Iga(ApT) dAD" o o A
—— e
52 52

which is positive for small cost (resp. price)ffdirences and negative for large cost (resp.
price) diterences (consider also Figure 3.5). Hence, in rather syrnumearkets the demand
of the more €icient firm rises, as the share of informed consumers incsgasenpare Table
B.1 in the appendix). This implies that with consumer lossran (and a positive share of
uninformed consumers) fir's equilibrium demand is lower than in the standard Hotgllin
case?’ Our result is reversed in strongly asymmetric markets inctvtthe demand of the
more dficient firm decreases in the share of informed consumers (@@mfable B.3 in the
appendix).

What about private incentives to disclose information? ddrass this question we will have
to investigate the féect on profits. Here private information disclosure can lensas the
firms’ management of consumer expectations (i.e. referpoogs). Note that in our simple
setting information disclosure by one firm fully discloske tnformation of both firms since
consumers make the correct inferences from observing thiehnvalue for one of the two
products?®

dra(Ap*(B). PA(B); B) dpa(Ap5;B)

- —-qA(Ap*;ﬁ)+(pZ(AP*iﬁ)‘CA)

L daa(ApB) _
dg dB ~

ds

dra(AP°(6), P(B):B)  _ dDE(Ap*;ﬁ)_(l_qA(Ap*.ﬁ))

dg dg
daa(Ap*;

2This is qualitatively in line with Heidhues and Koszegi (8)@ho predict equal splits of demand between
firms in asymmetric markets.

28This is due to our assumption that firms necessarily locatéstance 1 from each other. It applies to either
the setting in which uninformed consumers do not know thgietbefore forming their reference point or they
do not know the locations of firms in the product space.
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gx(Ac; 8 = 0.2) :solid, g,(Ac; 8 = 1) : dashed

0.65} ) A
0.60} /////
0.55:— //////
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The Figure shows the equilibrium demand of fidkefor markets with either many
uninformed consumerg (= 0.2) or only informed consumers=benchmark case,
B = 1) as a function of cost fferences\c for parameter values df= 1 anda = 3:
Ac(8 = 0.2) = 1.00993.

Figure 3.5: Equilibrium demand of firiA

It is of interest to compare the size of the pridéeet to the size of the quantityffect for

different degrees of market asymmetry. Numerical simulatioggest that the pricefiect
dominates the quantityfiect for allA > 1. Thus, profits closely follow prices. Here, we
confine attention to a single numerical example. The cftitiglue of Ap such thatlra(.)/dB =
Oatg =1andid =3 andt = 1,ca = 0.25, andcg = 1 isAp = 0.2581. The critical values of
Ap s.t.drg(.)/dB = 0 at the same values as abovas= 0.2870?° For comparison, we take
a look at table B.2 in the appendix: The critical valugat 1 is Ap*(1) = 0.25. Hence, the
critical values ofAp atg < 1 are larger thap*(1). MoreoverApg® > Ap5t.

Our numerical example also suggests that increasing ttial isihare of ex ante informed con-

sumers first none, then one and then both firms gain from irdtom disclosure. In case of

conflicting interests it is the mordfeient firm which locally gains from information disclo-

sure as an expectation management tool.

Our numerical finding has direct implication for the obseraglvertising strategy of the firm.

29Note that we have problems to obtain an analytical solutsoa function oft andt or cg even for the special
cases = 1.
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Our model predicts that it is rather moréieient firms that advertise product features and
price and run promotions that allow consumers test—drit@s Ehis means that one should
observe a positive correlation betwedhaency level and advertising and marketing activities
of the above mentioned form. We would like to stress thatcaltfin all consumers will be
fully informed at the moment of purchase, advertising cohtnd price matters for firms if
consumers are loss—averse. Without this behavioral bvesutd be irrelevant whether or not
a firm advertises price and characteristics.

How are the dierent consumer groups doing after an increase of the shaméoahed con-
sumers? Let us first consider informed consumers. Theirgghanconsumer surplus is sim-
ply a weighted average of price changes. To show this we rezktedthe aggregate consumer
surplus for informed consumers.

1

Lin(AP(B))
CSu(Pa(B). Ps(B)) = f Un(X, Pa(B))dx + f Us(X, Pa(8))dx
i

in(Ap(B))
We thus receive
dCs, _ fww” OUAX, PaB) dpa f ous(x, pe()) dpa
0 i

g Opa(B) ds Sope)  OPs(B) ds
I ea— 0

A d . d
= _Xin(Ap)d;;A -(1- Xin(Ap))d_ZB z 0.

Consumer surplus of informed consumers may increase oeaseiin the share of informed
consumers. The sign of the derivative is determined by thghied marginal price changes
dp/dB of the two products. If the two prices respond ifffeiient directions some informed
consumers are betteffavhereas others are wors# m response to a increase in the share of
informed consumers.

Evaluating the ex antefiect on uninformed consumers is more involved because gaths a
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losses relative to their reference point have to be takenaotount.

1-Run(Ap(B))
csapub)pet)= ([ T PA(B). Po(6). Xn(AP(E))dX

Kun(Ap(B))
[ A%, PaCB). Do), Kr(AP(B))X)
1

—%un(Ap(B))

1
+ f uB(X’ pA(B)’ pB(ﬁ)’ f(un(Ap(ﬁ)))dX,

Xun(Ap(B))

whereua(X,.) andug(x,.) represent uninformed consumers’ ghiss utility for distant con-
sumers ofA and nearby consumers Bfderived in (B.1) and (B.2), and

Ua(X, pa(B), Pa(B), Xun(Ap(B))) =(V—tX—pa) + (1 = Xun)(Ps — Pa)
08 4 51 Rl - 201 )X+ o)

which demonstrates the gdAwss utility for nearby uninformed consumersAflia(x, .) differs
from up(X,.) only in the taste dimension of the gdoss utility.

In contrast to intrinsic utility the gajtoss utility also depends on reference point distributions
which require knowledge of all prices and the location ofititefferent uninformed consumer.
Taking derivatives with respect pwe obtain

dCSin _ )A(””(Ap(ﬂ»(auA(X, ) dpa N Oua(X,.) de) - dx
ds 0 0pa ds dps ds
1-%un(APB)) ( 7 &
s (f (GUA(x, ) dXin(Ap) dAp) dx
0

0%un dAp  dg
Run(AD(B)) o
+f (GUAEX,-).dxun(Ap).dAp).dX)
1-Snap@) \ - O%un dAp  ds
+f1 (auB(x, ) dpa dus(x.) dps  dus(x.) dRn(Ap) dAp) o
2n(ap@) \  OPA ds 0ps ds O%un dAp ds

Beside consumers’ intrinsic utility a price change alfie@s consumers’ gaifiesses with
respect to the price dimension via the varying pricgedence. A change of the location of
the indiferent uninformed consumaey;,,’has an impact on consumers’ galasses in both di-
mensions. The taste dimension fieated since an increase xf, shifts mass of the reference
point distribution to the upper taif. An impact on the price dimension occurs since the prob-

30t can be easily shown th&(sX,) first-order stochastically dominat€¢si%,n) for all X, > % feasible.
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ability of buying at a specific price depends on the locationfach consumers are indierent
between two products. The equationd®@S,,/dB can be further simplified to

dCSUn_ " .dpA_ o de
LT (1 - Kun) B
. . . . dXun dAp
+ ((/l — D)Xin(L = Xun) + AP (Kun + AL = Kyn)) - m) : (—m
1. . R dXun dAp, _
_t(é(zxun - 1)((/l - 12— 1)+ 2)) : dAp : (—w z 0, (3.18)

where the first line shows marginaftect of 3 on intrinsic utility (compareCS;,). This dfect

is positive in markets with small costftikrences in which prices decrease in the share of
informed consumersl /ds < 0) and negative in markets with large codfeliences in which
the reverse is true.

In the second line of equation (3.18) the margin@&et of 3 on the price dimension of con-
sumers’ gaifloss utility is depicted. An increase of the share of infodhnm®nsumers has

a positive overall impact o&S,,. This holds true for two reasons. Firstly, from Proposi-
tion 3.7 we obtain that the priceftkrence is a decreasing function in the share of informed
consumers. It turns out that a lower pricéfeiience €£seize of gains and losses in the price
dimension) always reduces the lossesBaronsumers more in total terms than the gains for
A consumers (consider the first term in second line). Secpadlpwnward shift of the loca-
tion of the indiferent uninformed consumer (caused by an reduction of tioe piiference)
makes uninformed consumers of both firms bettémnith respect to gainksses in the price
dimension since the reference point distribution becorkew/ed towards gains. This means
that the probability of facing a loss in the price dimensiecm@ases (foB consumers), while
the probability of facing a gain in the price dimension irages (folA consumers).

The third line shows that the margindfect of 8 on the match value dimension of consumers’
gain/loss utility is always negative. A downward shift of the Itioa of the indtferent unin-
formed consumer (caused by an increasg)idecreases the probability of large tastfeait
ences § € (1 — Xun, Xun]) keeping the probability of small tasteffrencesg € [0, 1 — X))
constang! Since remaining uninformed consumers of fiBware located on the interval with
small taste dierences, they feel the same losses but lower gains. Theyeamdyovorse &
with respect to the the match value dimension of their giass utility. The same holds true

31This argument also relies on the FOSD propert@(dX,n).
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for nearby uninformed consumers of firln On top of lower gains, more distant consumers
of A experience higher losses due to the downward shifted refengoint distribution for the
taste dimension. Thus, the overdifext of 3 on the taste dimension of consumers’ glaiss
utility must be negative indeed.

The overall &ect of 3 onCSy, is positive in rather symmetric markets since tffeet of3 on
individual pricesp; is negative in these markets (comp&®,, and the tables in the appendix).
By the same argument, théect is negative in more asymmetric markets. Hence, thetresul
from informed consumers qualitatively carries over to fimimed consumers. The reason for
this that the sign of theffect of 3 on both dimensions of consumers’ gémss utility does not
change in market asymmetries. Moreover, it can be showrfdhall A > 1 andAc feasible
the sum of the second and the third line of (3.18) is negaiteethe marginal #ect of 3 on
the taste dimension dominates itBeet on the price dimension of consumers’ glaiss utility.
Unfortunately, this does not flice to predict that the sign diCS,,/dg is changing for a higher
level of 8 in intermediately asymmetric markets since the price changhich determine the
sign change of consumer surplus, are weighted Ifierdint means between informed and
uninformed consumers. Table B.2 demonstrates fileeteof the weight dference dominates
the negative #ect of 3 on the both dimensions of consumers’ gain loss utility,the. critical

B at which the marginal consumer surplus of uninformed coregarawitches sign is lower
than the criticap for informed consumers.

To determine the overalliect of 3 on aggregate consumer surplus of both consumer groups,
an additional decompositiorffect has to be taken into account. Thikeet reflects the con-
sumer surplus of the group of formerly uninformed consuméreh become informed. The
overall gfect of 8 on aggregate consumer surplus is determined by the firstadieg of

CS(B) = B - CSn(pa(®B), pe(B) + (1 — B) - CSun(pa(B), pe(B)) with respect t@, which yields
the following expression

dcs . dCSn . .o . . dCSm
& =p 5 +CSn+(1-p) &5 CSun
_p. 955 q_p). L cs, —csy).

ds ds

It can be shown that the decompositidfeet represented bCS;, — CS,,) is always strictly
positive, which is intuitive since the group of uninformeshsumers faces a lower average
utility level due to the higher weight on losses than on gaiAthough some uninformed
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consumers which receive high match value at low price areebeff than their informed
counterparts, the average utility of uninformed consuneetewer due to the losses in the
taste dimension of consumers located apart from the prdtagtpurchase and the losses in
the price dimension dB consumers (consider the tables in the appendix). It turbthatithe
decomposition fect always dominates the group—specifiieet of 3 on consumer surplus.
This means that the group of consumers who becomes inforsremimuch betterfbthat its
surplus increase always dominates the surplus change drttaning uninformed consumers
and the old informed consumers. This holds even in strongyynanetric markets in which
remaining uninformed and old informed consumers are wofké& the share of informed
consumers increases.

3.5 Extensions

3.5.1 Relative weight on gain—loss utility

Consider next consumer preferences for which the intringiity is weighted by one, while
the gain—loss utility has a weight af > 032 It could now be asked whether a change of
the relative weight on the gain—loss utility has dfelient influence on the location of the
indifferent uninformed consumer than a change in the degree ofl@ssioni. The next
proposition shows that this is not the case.

ProposiTion 3.10: Suppose the utility function of uninformed consumers staowadditional
weight,a > 0, on the gain—loss utility, i.e. all terms except for the ingic utility term in
(B.1) (resp.(B.2)) are pre—multiplied byx.

Then VA’ > 1, > 034 > 1 such that

Xun(Ap; 4, @ = 1) = Xun(Ap; ', @), (3.19)

whereX,n(Ap; 4, @) is the location of the indferent uninformed consumer giverextended
preferences. Moreovet,> A’ fora’ > 1anda < A’ for o’ < 1.

32Fora = 0 we are obviously situated in a standard Salop world.
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The previous proposition points out that for any change efriiative weight on gain—loss
utility apart from one, there is an equivalent change of tegree of loss aversion, which
shows the same sign.

3.5.2 Asymmetric product quality

Our model is easily extended to allow forfldirences in product quality which are known
to consumers at the beginning of the game. An informed coesantility function is
ui(x, pi) = (vi — pi) —tly; — X|. We then distinguish between a quality—adjusted price dsios,
which includes easily communicated product charactesstinich are of unambiguous value
to consumers and a taste dimension which includes those@rodaracteristics whose value
depends on the consumer type. We define quality—adjustdteftnic) pricep," = p — Vv,

i € {A B} for all consumers and consider those to be relevant for ¢oessl purchase de-
cision. The main dference arises for uninformed consumers when building teéarence
point distribution with respect to prices. Here, only thengass in quality—adjusted prices
AP = Ap— Av mattersAv = vg — va. We label firms such thatc — Av > 0 and call firmA the
more dficient firm. In the following proposition we show that any metrkvith asymmetric
quality is equivalent to a market with symmetric quality andre asymmetric costs.

ProposiTion 3.11: For any market with asymmetric quality represented by aore@v, Ac)
with Ac—Av > Othere exists a market with symmetric quality representeaimctor(Av', Ac’)
with AV’ = 0, Ac’ > 0 such that market equilibria of both markets are the sameApz—Av =
Ap’*. MoreoverAc’ = Ac— Av.

As a special case, it can be thought of all asymmetry in therfiemket being generated by

quality differences. This means that fidsdelivers higher quality in a market with symmetric

costs,Av < 0 andAc = 0. Then, the costs asymmetry in the second market shows ithe sa
size in absolute terms as the qualityfdrence in the first markeAc’ = —Av.

In the proof we show that the optimization problems of the t@osumer groups and the firms

are the same in both markets.
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3.6 Conclusion

This paper has studied the impact of consumer loss aversionasket outcomes in asym-
metric imperfectly competitive markets. Consumer lossrsiva only makes a tlierence
compared to a market in which consumers lack this behavidaalif they are uncertain about
product characteristics or associated match value at falisiage where they form expecta-
tions. Early information disclosure can thus be interpiete expectation management. Such
information disclosure can be achieved through advegisempaigns and promotional ac-
tivities which do not generate additional information a thoment of purchase (at this point
consumers would be informed in any case) but make consunfersied much in advance of
their actual purchasing decision.

We followed Heidhues and Koszegi (2008) and modeled the ebak a Salop circle. Our
framework, however, has notablefférences to their work: consumers and firms know the
market environment; in particular, they know the actuayasetric) cost realizations. Con-
sumers also observe prices from the outset. Our model ishattiby considering a heteroge-
nous population which ttiers according to their knowledge of their preferences atrtitial
point when they form their (probabilistic) reference poif@ur model delivers remarkably
different results compared to Heidhues and Koszegi (2008)e\itly obtained focal pricing
as a consequence of the presence of loss—aversion in the&apopuwe show that the price
differenceincreasesn the share of uninformed loss averse consumers. We also tfat
prices and profitslecreasef the cost asymmetry is large.

Our results have implications for public policy and firmsvadising strategies. There are
instances in which consumers would gain from more inforamathereas both firms would
refrain from early information disclosure, namely whenmharket is symmetric or moderately
asymmetric. In these markets public information disclegwrhich allows consumers to learn
the products’ match values) would enhance consumer surlaseover, our model predicts
that advertising and other marketing instruments thawaftor early information disclosure
about match value are more prevalent in markets charageteby large asymmetries between
firms. In these asymmetric markets one or both firms gain froierimation disclosure be-
cause this leads to higher prices. Whenever firms have ciomdlimterests with respect to
information disclosure, it is the mordheient firm that discloses information.

We have analyzed industries that are characterized by sgstraetries. Alternatively, asym-
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metries with respect to observed product quality may bedhiced. Since there is a one—to—
one relationship between these two models our insightsiegetly applicable to a model in
which firms difer in observed product quality.



Chapter 4

Ownership and Control in Differentiated
Product Markets

4.1 Introduction

4.1.1 Motivation

In this paper, we analyze the equilibrium allocation of ovgig and control rights in a simple
static economy consisting of two competing firrdsand B. Initially, an investorl; holds a
controlling stake inA and decides whether to acquire a stak®iangor an additional stake
in A. Moreover, he can initiate a cross investmen®Aah B to indirectly participate irB’s
profits.

The acquisition of shares has twfiezts. First, the acquisition is associated with cash flow
rights on firmB's profits. I; will internalize their éfect by appropriately setting firi#'s price.
Second, ifl; acquires enough shares, she gains contrBlas well. She then sets both prices
S0 as to maximize her portfolio return. The threshold of ekdo gain control is assumed to
be exogenous. We think of it as being the lower, the more diggethe remaining ownership
in the firm or, alternatively speaking, the less sharehsldes able in coordinating their votes
against decisions favorable to our invedtor

As to the initial ownership structure we consider two polases in each firm, i.e. four cases
in total. In the first two cases, initial ownership of the #sinB is dispersed, but the shares in

71
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A net ofl;’s stake are either owned by a single investor, or ownershgjispersed as well. In
both cases, initial owners iB can free—ride on the increased valueBahat may result from
an acquisition of shares directly Ibyor indirectly via firmA, so thatl; will profit only from

the increased value of her stakeAnThis value is negatively related to the level of her direct
and indirect investment iB. In equilibrium, she therefore acquires only a minimal colling
stake inB. If I, is not able to acquire all o&’'s shares, her paybis maximized if that stake is
acquired via a cross investment of filvin firm B. This constitutes an important leverage in
our model.

In the remaining two cases, firf is initially owned by a large investor. If the remaining
ownership inA is dispersed, the remaining ownersfAo€an again free—ride on the benefits of
control over both firms. We show that in this case, a cross st arrangement is never
optimal forl; unless she initially owns all oA. She instead prefers to directly acquire all of
firm B’s cash flow rights and to set both prices as to maximize a wetgsum of profits, with
the weight orB’s profit higher than the weight oA 's profit. This is so because when buying
out a blockholderl; can benefit from acquiring at a low price and absorbing all benefits of
control herself. In the last case, both the remaining ownpns A and ownership irB are
concentrated. Again; will acquire a controlling stake iB as well. She then sets both prices
as to maximize the joint profits of both firms, which resultsrianopoly prices.

In this paper we aim at analyzing the interplay between iimeenst decisions, the attainment
of control over two competing firms and product market outeemClear limitations of our
model are that (i) it is static, (ii) debt finance is not mode{éensen, 1989), and that (iii) we
abstract from agency costs (Manne, 1965; Jensen and MgckY6; Shleifer and Vishny,
1997) and other benefits of control such figcency gains. These are important aspects which
we leave for future research.

Nevertheless, we are able to make predictions over and ahevenes that can be obtained
in models with passive investments in, or controlling talas of rivals, as well as in models
with homogeneous product markets. Most importantly, weahle to relate the evolution of

ownership and control structures to initial conditions g@mdperties of the relevant product
market.
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4.1.2 Related Literature

We are aware of only one paper, Charlty-Lepers, Fagart, andr8 (2002), that studies ac-
quisition decisions in a similar context. Their workfdrs from ours in at least two important
ways. First, they don’t consider the possibility that theeistor might want to adjust her in-
vestment in the firm already controlled by her. Second, tleegicler a Cournot industry with
homogeneous goods. As suggested by Salant, Switzer, amibRey1983), in such an in-
dustry, the acquisition of a controlling stakivaysgoes along with a lower aggregate profit
of both firms. Therefore, after the acquisition took plabe, investor willalwaysshut down
the firm in which her investment is smalfeSimilar conclusions arise in the case of Bertrand
competition in homogeneous product markets, where in the oba take over it is optimal to
shut down one of the two firms.

Within the context of pure mergers much simpler than the amesidered by us, Salant,
Switzer, and Reynolds (1983) find that in a Cournot model,jtivet profits of two merg-
ing parties decrease due to the merger, yet Deneckere anddoay1985) show that they
increase if the two firms engage in price competition in a rewkth differentiated products.
Similarly, Flath (1991) shows that if stock markets afiéceent in the sense that share prices
reflect post—share trading product market equilibria, aogushares in rivals is not rational
in Cournot industries, but can be so in Bertrand duopoliéss iB related to an article by Fu-
denberg and Tirole (1984) who find that only those investsarg made that yield toughness.
This is not the case in Cournot models where quantities eagegic substitutes but in models
where prices are strategic complements.

At any rate, we wish to make use of the fact that under pricepatition there is an incentive to
invest in rivals even if the investment incentive is onlyated to cash flows. Such investment
is observed in many industries (Gilo, 2000).

There is a sizeable literature on the competitiffiee of passive investments in rivals in a
static context. In general, competition is reduced (Reymahd Snapp, 1986; Bolle and Gth,
1992; Flath, 1992; Reitman, 1994; Dietzenbacher, Smid Maticerink, 2000). O’Brien and
Salop (2000) distinguish in addition several control sc@saand derive comparative static
results in a Cournot framework. However, they do not modekttquisition stage.

In related work, Schwartz and Thompson (1986) and Baye, kerpand Ju (1996) show that firms have
an incentive to divisionalize, keeping two firms and lette@ch of them maximize their own profit. This can,
however, give rise to a commitment problem because both geasatill belong to the same firm.
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In their empirical work, Dorofeenko, Lang, Ritzberger, &fubrish (2005) assume that there
is a controlling group of shareholders in each company. They use German data to identify
control scenarios consistent with the observed ownershiptsire.

In a dynamic context, Malueg (1992) and Gilo, Moshe, and@3i€2006) examine thefects

of exogenously given passive investments in rivals on thentives of firms to engage in tacit
collusion. The &ect is ambiguous in Cournot industries because, relatitleet@ase without
cross holdings, competitors act less aggressively if smlubreaks down. In contrast, when
price competition takes place, under general conditionlfysion is facilitated.

There are also important links to the literature in corpofatance. In particular, for the case
of initially dispersed ownership in firrB, our findings are related to the free—ridéieet that

is studied in Grossman and Hart (1980), namely that in the o&slispersed ownership the
value of the firm after the acquisition of shares determihestquisition price. In our model,
the firm value is a function of control and ownership arrangets. In that, our paper is related
to Burkart, Gromb, and Panunzi (1998). They argue that bgickennot commiéx antenot to
extract private benefiesx post Therefore, the more shares they buy, the higher the atiguisi
price. Consequently, the investor acquires as few shamscassary to gain control, either by
directly investing in firmB or by initiating a cross holding oA in B, thereby maximizingx
postmoral hazard.

For the case in which the shares of filgnare initially held by a large block holder, our
results are related to pivotal shareholder models of taksoBagnoli and Lipman (1988);
Bebchuk (1989); Holmstrom and Nalegb(1992). As such block holders cannot free—ride on
the benefits of a takeover, such a takeover will always oetour model and is then used to
fleece consumers.

Our paper is furthermore related to the literature whichlsleath the separation between
ownership and control. Such a separation occurs in a nunfloeuatries including Germany
(La Porta, Lopez-de Silanes, Shleifer, and Vishny, 1998¢kwhesults from a high concentra-
tion of cash flow rights (La Porta, Lopez-de Silanes, andifdnel999; Franks and Mayer,
2000; Faccioa and Lang, 2002).

Finally, there is a literature on alternative uses of crasislihgs? First, cross holdings can
be used as a monitoring device when banks provide debt. Bysiimg in the lender, banks

2See Becht and Boehmer (2001, 2003) for descriptive evidedtteek and Hopner (2003) is a collection of
case studies concerned with the recent development of thetsohland AG”.
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become represented in the supervisory board of the firm whitihe main monitoring insti-
tution within the firm (Bohm, 1992). Second, cross owngrsnrangements could be used
as a means against takeovers (Hellwig, 2000). For instandag structure could be used
by a group of firms to prevent outsiders from buying a contrglstake in each of the inside
firms. Third, a pyramidal structure could be built. AlmeidalaMolfenzon (2005) argue that
firms can thereby acquire new firms without external fundiRgzanto and Toolsema (2004)
present a formal model in which controlling shareholders slaift resources from one firm
into another. Then, so—called tunneling within pyramidahership structures can be used to
save the receiving firm from bankruptey.

4.2 The Model

Consider an industry involving two firmse {A, B} selling diferentiated products that are
substitutes to each other. Their reduced form i@ya(pa, ps),i = A, B are supposed to be
twice differentiable. In addition, the paffe are supposed to satisfy the following assumptions:

(i) ma(xy) = ma(y, Y)¥YXy > C,

om
opi

omi
= op;’

(ii) 2‘—pj >0,

s & Vi
=1 <
(iii) o < 0, o 0,

0%ni

> A = AB

H 02ni
(IV) 000 = O’ apiop;

opiap;

Assumption (i) ensures complete symmetry between the twesfievhich allows us to con-
centrate on theftects of ownership arrangements on allocative decision® fifét part of
Assumption (i) is standard. The second part of Assumptiptirhits the cross price gect
by the own price ffect on profits. The first part of Assumption (iii) is also stardl The sec-
ond part of Assumption (iii) is needed to satisfy the secamdioconditions for optimization
in the interactive situation considered here. Finally th&t fiart of Assumption (iv) is again
standard. Its second part states that tiiiece of a change in its own prigg on the marginal
profits of firmi is stronger than thefiect of a price change in the competing firm.

3See also Chapelle and Szafarz (2005) who develop a model éasuming integrated ownership and
threshold—based control.
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In our acquisition subgame specified later, we consider onb/active agent named investor
[,. Initially, that investor controls firrd with an initial stakexs = ag € (0, 1] of its cash flow
rights. Neither investol; nor firm A hold stakes in firnB.

Firm B is assumed to be either owned by a unit mass of atomless amgest owned (and
controlled) by another large investigr To simplify matters, neither investbs nor firm B are
initially invested nor will invest in firmA.

Investorl; can eithedirectly acquire a stakeg in firm B, or, by virtue of controlling firmA,
induce it to acquire a stakein firm B. Investorl,’s indirect acquisition inB is then of size
aOAy. Naturally, all magnitudes involved here as welbast+ y take values in the unit interval.

If a firm is owned by dispersed shareholders, we assume itageament to maximize its profit
by controlling its price. By contrast, if controlling sharef that firm are owned by a block
holder, she decides about the direct or the indirect adgqunsof stakes in both firms, and if
controlling a firm sets its product price, taking into accbhar interests in both firms. In
particular, |, is supposed to control firB if she acquires at least a fractiag Of firm B's
shares.* She can do so by directly buyingfiigiently many shares herself, or by indirectly
initiating a cross holding of firmA in firm B, or a convex combination thereof. Her financial
interest inB is denoted byag = ag + aay, Wherea, denotes the quantity of shares she
ultimately acquires in firmA. However, sinceé; has a controlling interest already in firf 1,

controlsB if ag +y > ag, i.e. even ifag < ap

The cases involving firm ownership patterns considered aerecollected in the following

table.
Shares oB dispersed Shares & concentrated
Remaining shares & dispersed 1 3
Remaining shares & concentrated 2 4

The time structure in our model is as follows.

1. Investment:l; decides whether or not to buy additional stakgs- aOA in firm A, and

4A natural siificient condition for control is that she owns more than 50 et ©f the shares. We have
conducted field studies suggesting that the percentageaoésiicient for control tends to be much smaller.
In general, the controlling stake size depends on the ldigton of a firm’s ownership. If it is dispersed, then a
much smaller percentage (sometimes as small as 5 per ceunfiicsent for control.
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non—controlling or controlling direct stakeg, or indirect stakey via firm A, in firm
B, respectively.

2. Pricing: Ifag +y < ag so thatl; does not controB, then she setp, S0 as to maximize
apama(Pa, Pe) + asme(Pa, Pg) for givenpg . In turn, firm B's management or controlling
owner sets pric@g SO as to maximizeg(pa, Ps)-

If I, does controB, i.e. if ag +y > ag, she sets botlp, and pg so as to maximize

aara(Pas Pe) + aeme(Pa, Pa)-

3. Paydr: I, obtainsaama + agng, less the acquisition price of her additional stakéin
and her stake iB. The remaining owners & andB obtain their fraction ofry andzng,
respectively.

Our equilibrium concept is subgame perfection, so thatghime can be solved by backward
induction. In Section 4.3 we characterize the Nash equalilbbrthe product market stage, that
arise for any given initial allocation of ownership and gohtights. In the ensuing Section 4.4
we incorporate product market outcomes to analyzeacquisition of cash flow and control

rights, and to relate it to the initial ownership structure@ur economy.

4.3 Product Market Stage

In this section, we characterize product market equiliorprices and profits as a function of
direct and indirect investment &f in B, separately for the case in whithdoes not control
firm B but enjoys cash flow rights in it, vs. the case where she clgifirm B.

Towards this analysis, consider the case in whicholds controlling shareg, > 0 in firm
A, and non—controlling cash flow rightg > 0 in firm B. Letw € [0, o) denote investol;’s
share of cash flow rights iB relative toA, so thatw = ag/aa € [0, 1/aa).

4.3.1 Firm B uncontrolled by I,

If I; ownsa, controlling shares in firmd andag non—controlling shares in firB she solves

rrg)?XﬂA(pA, Pg) + wra(Pa, Ps)-
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Firm B’s price pg is set such that it maximize®’s profits, hence

rTE)gXﬂB(pA, Pg).

The respective best responses are given by

_ 67'(/_\ 67’(3 _
BRa(pg) = {pA(pB) | 8pA(pA’ Pg) + “’apA(pA’ Pe) = 0}
and

(4.1)
6715
BRs(pa) = {pB(pA) | (9_pB(pA’ Ps) = 0}- (4.2)
Assumptions (iv) guarantee that the second order condition
2 2
Ty T8 < (4.3)
apA a A
and
8271'5 < O

— 4.4

0P} @4
are satisfied for alb € [0, a—lA]. Assumptions (iv) and (v) guarantee that the best ressoaise
both positively sloped, as both

8%na 8ng
OBRA(Pe) _  padps *

padps
4.5
9pe P 4 P @9
ap% A
and

8%ng
OBRe(Pa) _

opadpB”
3n, ~ e (4.6)
P

are strictly positive. Denote bypf(w), pS(w)) a Nash equilibrium price vector. We assume

this to be unique. The equilibrium is stable if

d(BRA)™, o 0BRs, o
Gpe (PR > T2 (RR(@) (4.7)
which we assume henceforth.

With the following Proposition we characterize Nash edpitim prices and profits as a func-
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tion of w, the relative share of cash flow rights held by investan firm B over firmA.

ProposiTion 4.1 (Equilibrium Prices and Profits under Separate Contia} I; control firm
A only, so that the two firms compete with each other a la Badr Then

(i) pQ(w) > p3(w) forall w > 0,

(i) ma(PR(w). PR@)) < e (P2(w). P(w)) for all w > O,

apg
ow ’

(i) pQ(w)and [(w) increase inw, with % >

(iv) ma(pS(w), pS(w)) increases for smath up to somew®, and strictly decreases thereafter.
me(PS(w). pS(w)) increases for alw > 0.

The main dect of an investment df, in B under separate control is thatusesp, to soften
competition and thus to increase relative profgsand this the more, the larger As a direct
corollary it emerges that, provided that demand is downvegéoding, consumer welfare as
measured by consumers’s surplus decreases with an inéreas@s long as no controlling
stake is associated with that increase. We cannot say muit abanges in total welfare,
as this would necessitate a direct comparison of negatiaeggs in consumer, and positive
changes in producer surplgs.

4.3.2 Firm B controlled by I,

We now consider the case in whithholds controlling shares, in firm A andag in firm B,
respectively. Consider first profit maxima involving botimfs active. Then, solves

maxma(Pa, Ps) + wrs(Pa, Ps)- (4.8)
Pa.PB

The necessary conditions are given by

87rA

ong
i + w—(Pa, =0 49
apA(pA Pg) wapA(pA Pg) (4.9)

5In a Hotelling example of our product market specificationoléained a decrease also in total welfare with
an increase .
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and
87rA

67’(3
——(pa, + w——(pPa, =0. 4.10
GpB(pA Pe) ‘“apa(p‘\ Pe) ( )

The second order conditions are satisfied by invoking Ass$iam (iii) and (iv). Denote the
optimal choice by g (w), p¥ (w)).

Proposition 4.2 (Optimal Prices and Profits under Joint Contrdlgt I; control both firms A
and B. Then

() PM(w) < PM(W) if w < 1, p¥(w) = P¥(w) if @ = 1, and g(w) > pM(w) if w > 1

(i) 7a(Pk (@), Py (@) Z 78 (P (w), P (w)) forall w £ 1
(iii) p¥(w) strictly increases and ¥Xw) strictly decreases i

(iv) ma(ph(w), p¥(w)) decreases ands(pX (w), py (w)) increases inw.

Observe in particular that if the controlling stakes, ag andy are such thatv = 1, the
monopoly solution obtains, no matter how small the stakasadly are.

4.4 Acquisition Decision

We now look atl;’s acquisition decisions. We relate the equilibrium alkima of ownership
and control rights to the initial ownership structureArand B. Again, we considet; and
firm A to be the only active investors in our model and thus excluepetitive bidding.l;
andA are assumed to be able to buy any stake in #out of current profits obtained. The
opportunity costs of their investments are normalized to.zkn line with the approach taken
here, firm values are supposed to be solely determined byrdffigspobtained from product
market activity.

In the following we analyze acquisition decisions sepdyafier the four cases introduced
in the model specification, that related to the structurenitfal ownership of the remaining
shares im, and that of the shares B

We use dispersed ownership in the sense of Grossman and1l986)( so that every share-
holder perceives herself as being non-pivotal. In paréiGgisdhe believes that her decision of
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whether or not to accept arffer neither influences the overall stakeholds inA or B, nor
whether or not; gains control inB.

If initial ownership in firmB is dispersed, theh andA can acquire shares B via a tender
offer. Towards this, anfter pricePg(w) per share is announced which then attracts a fraction
ag + v of all shares outstanding. We normalize to unity the totadsnat (infinitely divisible)
shares so th&g(w) is the firm value. Following Burkart, Gromb, and Panunzi98p we use
the concept of a rational expectations equilibrium in whatllshareholders behave symmet-
rically, each shareholder tendering her shares with piibtyabg + v and retaining them with
probability 1— ag — 7.

In equilibrium, every single atomistic shareholder is tffetient between tendering or not,
and believes that both the acquisition of cash flow/andontrol rights in firmB by I, does
not depend on her decision. Therefore, tiEeoprice fora; shares in firmi is equal to
aimi (Pl (w), pi(w)), k = O, M which—as shown in Section (4.3)—dependsl ga stakes inA
andB, and on whether she gains controlBn Formally, lettingr(w) = mi(pk(w), p&(w)).i =

A B k=0O,M

PA(w) = mA(@) + ¥(r5(w) — PE(w)) (4.11)

P§(w) = m5(w).

This specification reflects the free-rider problem disadigse Grossman and Hart (1980)
faced byl; when acquiring shares from dispersed owners: Becausehsidees rationally
expect the consequences of that acquisition on firm profiesatquisition price fully incor-
porates the allocative gains to fifB1 Hencel, can never gain directly from acquiring (addi-
tional) cash flow rights when (remaining) ownership is dispd, as the acquisition price is
always equal to the profits she will earn. However, if invagin firm B, 1, may benefit from
an increased value of her initial stake in filmwhich we have modeled in Section 4.3. In all,
if the (remaining) ownership is dispersed, our acquiringstorl, hasde factono bargaining
power.

By contrast, if the target shares of one of the firiyis= A, B are held by one investor, then
we suppose that all bargaining power rests with the acquinwestorl;, so she can absorb
all the surplus generated from that acquisition. Accorljintpe acquisition price per share
is determined by equalizing the seller’'s p&yobtained when selling some of his share$;to
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and enjoying the profits from his remaining shares to hisidetsption, which is the payb
generated when selling no shares at all.

To make our arguments transparent, we henceforth sequevestarl,’s decisions. Within
all cases, 1 through 4, we first consider the optimal spetidicaf the relative weighto,
and then how this is optimally reached; that is, the tradéFHoetween directly acquiringg
shares vs. indirectly acquiringshares via firmA, together with the option of increasings
stakes in firmA over and above!. In all this we analyze first the acquisition of cash flow
rights separately for the cases where no control rights aretevcontrol rights go with them,
and only thereafter whether the acquisition of control tsgh B at the exogenously specified
level @ is profitable tol;.

4.4.1 Case 1: Remaining Shares i#\ Dispersed and Ownership ofB
Dispersed

Investorl,’s overall paydf from acquiring cash flow rights in firm& andB is given by

() = aalms(@) + ¥(@§(w) - Ps@))] - (@a - a)P4(w) + as [rS(w) - Ps(w)] k= O. M,
(4.12)
wherew = %;W aa €[a’,1],ag € [0,1],y € [0,1], andag +y < 1.

The first term reflects her sharg of the paydfs obtained from her interest in firdy including
cross holding acquisitions taken by that firm; the secona tkgnotes the acquisition costs of
an additional stakex(y — @2); and the third term reflects paffis after acquisition costs from a
stakeag in firm B.

Using (4.11) specifying the acquisition price when the @erng) ownership is dispersed,
investorl,’s overall acquisition payf (4.12) reduces to

¥ (w) = o375 (w), k = O, M. (4.13)

All payoft increases generated through the acquisition go to the essrolwners oA andB.
Now, result (iv) from Proposition 4.1 states th@(w) increases for smalb. From Proposition
4.1 we know that® = arg maxtS(w). By contrast, result (iv) from Proposition 4.2 states that
mi(w) is a strictly decreasing function, so given full contreiyéstorl;’s maximal payd is
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trivially equal toT1}'(0) = aQ7N(0). This is so because any increase in her stakes inA&irm
leavesl; indifferent, whilst any direct or indirect increase in her stakefsrm B would, due
to the allocative ffects, result in a decrease in profits obtained from #ixm

SincenQ(w®) is the equilibrium payfi with positive weight on firmB and thus less than full
weight on firmA, whilstz}Y'(0) is the maximal monopoly payfowith complete weight on firm
A, it must hold thatrQ(w®) < 7¥(0), so there must be an™ > 0 with 79(w°) = #¥ (w™)
such that if the minimal controlling sharg < ag(w™) + y(w"), thenl; prefers to acquire a
controlling stakerg in B. The payd maximizing stake must be minimal becaudfw) is a
strictly decreasing function.

Towards determining the mode of acquisition, observe thatdlternative acquisition modes
have ditering allocative &ects and thus are not paymeutral. In fact, the direct acquisition
of minimal sharesg results in some» = % whilst the indirect acquisition via firmA results
inasmallerw = ag < % Hencel, acquiré\s the minimal controlling cash flow rights through
firm A, so thaty = wM ;ndag = 0. Only if she would fully own firmA, i.e. ¢ = 1, would
she be indterent between direct and indirect acquisition.

However, ifag > wM, thenl, will acquire non—controlling cash flow rights in firfd such
o4 [yo . e e . . .
that% = °. In view of the fact that all acquisition rents are dissiplatie the dispersed

A

owners ofA andB, she is indiferent between the direct and the indirect form of acquisitio

We summarize in

ProposiTioN 4.3: Suppose that initial ownership in both firms A and B is dispérd hen there
existsw™ such that

1. if ag < wM, then it is optimal for | to acquire a minimal controlling stak&g in B via a
cross holding, so thay = ag andag = 0. In the product market, this results in prices

P (y) < p¥(y) and profitst¥ (y) > 7 ().

2. If ag > wM, then investor 4 acquires non—controlling shares so th%?tx—” = w°. In
this she is indferent between the direct and the indirect mode of acquisitim the
product market, this results in pricef@°) > pS(w°®) and profitstQ(w®) < 79(w°).
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4.4.2 Case 2: Remaining Shares iA Concentrated and Ownership ofB
Dispersed

Now we study the case in which initial ownership of the renragrshares i is concentrated,
i.e. held by one investor calldd. In line with our earlier discussion, the acquisition prioe
ap — @f shares in firmA is determined so thds is indifferent between selling and keeping
them. Hence the acquisition price fog — o3 additional shares if, Pa(w), conditional on
investorl,’s acquisition of (non-) controlling sharesBimust satisfy

(@a = aQ)PR(w) + (1~ aa)[rh(w) + ¥ (15(w) ~ Py(w)] = (1 - ap) - my(w). k= O,M (4.14)

where, as determined in Proposition 4.® = w® andw™ = y. Thus the left hand side of
(4.14) is the payfi to I3 in case he sells tb a fraction (s — a3) of firm A's shares, and the
right hand side is his payif he does not sell. However, that pdjeventually reflects,’s
engagement in firnB, on whichls is able to free—ride.

If ownership ofB is dispersed we haws(w) = 7g(w*) so that

oy - LR BN - mh)
ap— CYA

Since the purchase price of shares exactly reflects thelsayenerated from an engagementin
firm B, I;’s choice as to that remains unchanged with the structugeafdmaining ownership
in firm A.

ProposiTioN 4.4: Suppose that ownership of the remaining shares in A is cdrated and
initial ownership in firm B is dispersed. Then the results mf@dsition 4.3 carry over.

The reason for this surprising result is that the choice dias no influence, no matter whether
I,chooses to obtain controlling cash flow rights in fiBwia cross ownership rather than direct
investment, or to stick to her initial engagement.
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4.4.3 Case 3: Remaining Shares i\ Dispersed and Ownership ofB
Concentrated

We now consider the case in which firfnis initially held by one investoi,, say, who is not
invested inA. In line with before, the acquisition price fag+vy shares in firnB is determined
so thatl, is indifferent between selling and keeping them. It thus satisfies

(as +7)Pi(w) + (1 - as — V(W) = 75(0),k = O, M, (4.15)

wherew = %Z” Notice thatl,'s outside option on the right hand side is to obtaf0), the
profit of B without any investment af; in B. From this we get

P (w) = a—lw [79(0) - (1 - ap — ) - 75(w)]. (4.16)

In contrast to the cases in which ownership in fidrs dispersed, the benefits of control over
B are shared withy, only if ag +y < 1, because of the dependence of the post acquisition firm
value on the ownership structure. Therefore, if no full asigion takes place, the acquisition
price depends on both, and on whethel;, gains control irB.

As before, the acquisition price for shares in fidnm the case the remaining shares are under
dispersed ownership is equal to the overall valu@.of/sing (4.16),

1
PA(w) = mh(w) + yirg(w) - e [75(0) - (1 - a8 —7) - m(w)]}. k= O, M.
Investorl,’s overall paydt is now

M) = an- (@) + 7+ (75(0) = —— - [19(0) - (L~ a2 ) - m5(e])

[78(0) - (1 - ag — 7) - 75 (W)]} — (@a — @Q)Ps(w), k = O, M.

k
+ ap - glw) —
o Imhw) - ——

Since investol, is indifferent between acquisition and non—acquisition from desgmtowners
of A, we can rewrite this W.L.O.G. as

ap + a%y

Hi(w) =a)- ﬂi(w) + . [ﬂ'é(w) —75(0)], k= O, M. (4.17)

The first term specifies the value afs initial stake inA. The second term refers t@'s net
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benefit from directly or indirectly acquiringg + y shares irB.

In the following proposition we establish that(w) is maximized fork = M, ag = 1 and
y = 0, no matter the level ofQ. This reflectsl;’s interest in fully internalizing the positive
acquisition gains viag = 1, whilst otherwise these acquisition gains would have tshzed
with the owners of the remaining sharesAin

Towards establishing that proposition, we introduce Agstion

(V) i (w) + 7y (w) is maximal atw = 1.

This assumption furthers the symmetry in the two firms’ @s/olt rules out that investor
I, prefers to shut down one of the two firms in order to reduce fo@sts when controlling
both of them with symmetric weights. The issue of firm shut daeuld arise otherwise if
products are close substitutes and fixed costs dfeismtly high®

ProposiTioN 4.5: Suppose that ownership of the remaining shares in A is dsggeand initial
ownership in firm B is concentrated. Then it is optimal fotd always acquire a full con-
trolling direct investment in firm B, such thag = 1 andy = 0. However, she is inffierent
between selling and not selling shares in firm A. In the prodoarket, this results in asym-
metric monopoly prices)f(1/a%) > py (1/%) and monopoly profits} (1/a3) < 7y (1/a?).

4.4.4 Case 4: Remaining Shares iA Concentrated and Ownership ofB
Concentrated

We finally study the case in which the sharesBirare initially held byl, as in Subsection
(4.4.3) but at the same time the remaining sharesane held by investolr; as in Subsection
(4.4.2).

The acquisition pric (w) for additional shares il must satisfy
(@a = @) - PA(@) + (1= @a) - (h(0) + ¥Img(w) = PE()] = (1 - @) - 7a(1/aR),i = O, M,

where the right hand side follows from Proposition 4.5 beestine relevant payiofunction

5We will analyze the impact of product substitutability ankiefi costs on investors’ acquisition decision
extensively in a future version of this paper. All over thereat version we focus on interior solutions in which
both firms remain active.
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for 1, is equal to the one in (4.17) i§ does not sell his shares M

We know from Proposition 4.5 that irrespective of the levie® (controlling) shares held in
firm A, I, will acquire all shares B by a direct investment, i.exg = 1.

Pg(w) is given by (4.16) so that

(aa—a) - PA(w) = (1 - aR) - 75(1/a?) - (1 - an) - (Th() + ¥lnf(w) - Pi(@)]}  (4.18)
= (1-a) - 7h(1/aR) - (1 - an) - (rh(w) + yrl(w)

+ (- ae =) () - 7(0)),

Hence, we have

I = aalma(w) + y(rg(w) — PE(w))] + aerg(w) — (@a - af) - PA(w)

- CYBPI|(3(CU)
which is, after some algebra,
I = 75(w) + m(w) = (1 - @) - 7a(1/aR) - 75(0). k = O, M. (4.19)

This shows thal;’s paydt is given by the sum of profits of both firms less the outsidea#i
of I, andlz which are independent @f's choice ofw. However, the latter’'s outside option is
weighted by 1- @9, which is minimized by acquiring all of firmA and choosing?%.

In all, investorl;’s paydt is maximized forw = 1. She is indiferent between achieving this
via a cross holding, a direct investment, or any convex caatimn of the two.

ProposiTioN 4.6: Suppose that ownership of the remaining shares in A and ofddrisen-
trated. Then it is optimal for;1to acquire a controlling investment in firm B with symmetric
weights on A and B, i.e. to choose for any > oS a convex combination between a full cross
holding,ag = 0, = 1 and a controlling direct investments = aa,y = 0 in firm B s.t.

w = 1. In the product market, this results in symmetric monopat prices g (1) = p¥(1)
and monopoly profits) (1) = 7} (1).
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4.5 Conclusion

In this paper, we analyze the optimal allocation of owngrsimd control rights in two com-
peting firms,A andB, for an investor who initially holds controlling cash flovghits in firm

A. Cash flow and control rights in firrB can be acquired by that investor either directly by
buying shares herself, or indirectly by having the conéfirm A buy shares. We distinguish
between four cases of initial ownership structures geadiay combining the alternatives that
the (remaining) shares in firly, and all shares in firnB may be held by atomless dispersed
owners, or by one block holder.

We find that if the initial ownership of the target fir®, is dispersed]|,; acquires a mini-
mal controlling investment iB if the (exogenous) critical level of controlling shares ngadl
enough. Otherwise she will buy a non—controlling (smalimre in firmB. The reason for
the former is free-riding by the remaining shareholder8.inin the latter case a tradeffo
arises from the fact that the acquisition of a small non—adlivig stake inB allows I; to
benefit from the strategic complementarity involved in erilccreases. As long agsdoes not
own all of firm A’s cash flow rights, this acquisition is accomplished via@ssrholdingl; is
indifferent between cross holding and direct investment onlygfiskable to acquire all &'s
remaining shares.

If the initial ownership in the target firB is concentrated, the equilibrium allocation of own-
ership rights depends on the initial ownership structurthefremaining shares ik as well.

If it is concentratedl; will invest symmetrically in both firms and control both oktin. Here,
she is indfferent between drawing on a cross ownership arrangemenvesting herself in
B. By contrast, if the remaining ownershipAnis dispersedi; will directly invest in B rather
than drawing on cross holdings. The reason is that by invgstirectlyl; does not have to
share the acquisition gain Biwith the remaining shareholdersAn

The present model setup is limited in several respectsthfimur industry consists of two
firms only, so the acquisition of control rights by our il@deads immediately to monopo-
listic control. Secondly, one might argue that investorsrei holding controlling cash flow
rights typically do not exercise control on prices, but omatglgic variables such as product
quality enhancing, or product portfolio widening, or costlucing investment. Thirdly, the
acquisition of cash flow or control rights may be contesteddaypetitors.

Towards these extensions, we have analyzed the numerisanef a model involving three
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symmetric competing specialized firms, in which investoithwontrolling cash flow rights
exercise control over cost reducing investment (and firnusdtpns), while leaving the pric-
ing decision to an independent management. We again corasidavestor holding control-
ling cash flow rights in some firrA and investing in firmB, so the third firmC including
its owners, while active in the product market, is passivineénmarket for shares and control
rights.

Surprisingly little changes in this extended set up. Esabytall that happens is that the
effects on product market prices and profits of the two filkend B active in the market for
acquisitions are weakened due to both, the impact of outsidgetition from firmC and the
impact of less direct control, namely on cost reducing ibmesit rather than prices, by the
controlling investor. In view of this, the above analysistoé acquisition stake should carry
through these generalizations. In view of this we shouldleasjze, that with the above results
we do provide very clearly testable empirical predictions.

Yet one important generalization, that includes contestsvéen block holders involved in
more than two firms, is much more involved, and must be leffddher research.
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Appendix A

Appendix of Chapter 2

A.1 Proofs of Section 2.2

Proof of Lemma 2.11 first show that the agent’s individual rationality congtitg(IR;) is not
binding and that the limited liability constraintl(;) is binding instead. Suppose by contradic-
tion (IR;) is binding. Then solvinglR;) for a;(e) and substitutingy in the principal’s objective
function bya;(e) yields p;(e)y — c(€) which is maximized at the first—bedftert level. As men-
tioned abovey(e) will be negative ag™® which violates [L;). Thus, (R;) cannot be binding.

If & is positive, however, decreasiagto zero is beneficial for the principal by additive sepa-
rability of V in a and keepsl(L;) satisfied. Thus,l(L;) is binding ata; = 0, while (IR;) is not
binding.

Usinga = 0 andbi(e) = c'(e)/p/(e) from (FOC,) (=first—order approach) the principal’s
objective function can be expressedm{e)(y — b(e)). Taking the first derivative w.r.e yields
the required condition. |

Proof of Lemma 2.2Suppose not, then there exists a profitable deviation fot-tiype since
bi = argmax .o V.((a by),u(Ll.) = 1) for alla > 0 andV, is strictly decreasing ia (=addi-
tive separability ob anda). O

Proof of Lemma 2.3As shown in the proof of Lemma 2.1Ry) will never be binding under

limited liability at zero under given assumptions. 1£g ) is not trivially satisfied awj,,
e, V(W) < Viu(wy), then (Cp ) will be binding in the least—cost separating contract

91
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Wy, e. V(W) = Viu(wg). Suppose not, thel (W) > Vin(Wwg). If a > a;, = 0,
decreasingay, raises bothV (W) and Vyy(wy,) keeping the agent’s incentive constraint
(ICR) binding. This states a contradiction to least—cost sejoardor the interior solution
case. Ifa, = 0 instead £corner solution case), then decreasing the distance betjeand
b, is strictly profit-enhancing for thel-type principal and reduces the slackness oflthe
type’s incentive constraint by strict concavity\df To see this more clearly define thetype’s
hypothetically optimal premium if being perceived as thetype principal with probability
one,b;,, = argmax,,-o VL((0, bw), u(H|.) = 1), and note thatiCp, ) is violated atb;, since
Viewy) < Viu(wj ) by bu(e) < by(e) for all e. By continuity ofV there exists & with
Ib-b; | < Ib- bl and|b- by, > 0 such thatlCp,) is binding. Moreover, by monotonicity
and concavity ol choosing any premiurby, further apart frorby, thanb makes theH—type
principal worse €. Thus, (Qb) states a profitable deviation from any contra€t = (0, by)
with Vi (W) > Viw(wg) for the corner solution case. HencéCg ) is binding in the least—
cost separating contraaf,.

If (ICh) and (Cp,) are binding, ther anda in (2.7) can be replaced Hy,(e) rearranging
(ICh) and byad(e) rearranging ICp, ). The transformed objective function equags,(e) —
pL(€)) - (y—bu(e)) + Vi (w;) which is strictly concave by the assumptionsm(e) that py’ () -
p'(e) < 0 andpy,(e) — p; (e) > O for all e. Maximizing this objective function overyields the
required condition for case 1 which uniquely identifies thast—cost separatinffert level.

If (LLy), (ICy), and (Cp, ) are binding, then the interior solution of tive-type principal’s
transformed objective function would specify a negativedixvage paymendy, which is
ruled out by (Ly). Substitutinga?, = 0 from (LLy) andby(e) from (ICy) into (ICp,) gives
the constraint of the condition in case 2. The constrairitigiep to two solutions of which
the one that maximizes thé—type principal’s expected utility is selected by the caiodiin
case 2.

Finally, if (ICp,) is trivially satisfied byw;,, thenw;j, states the unique least—cost separating
contract. |

Proof of Lemma 2.4To provide a proof for Lemma 2.4, the 4 functions in equatiar8)
(resp. (2.9)) have to be compared at 3 (resp. 4) points aithoo explicit values of neither
premia nor expected utilities can be determined. More®iaceby(e) < b, (e) Ve it always
holds thatb}, > b}, andbj,, > b; but the ordering obj, andbj,, and ofb}, andb} depends
on parameters and specific functional formspéd) andc(e). To provide a general proof in
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this setting | will make use of the fact that for a specific comaltion of parameters gfi(e)
the 4 points in equation (2.9) partially coincide and at thme time equation (2.8) and (2.9)
become equivalerit.

First note that ifo;, = b, (or equivalentlye;, = €,,), it follows from Lemma 2.3 (interior
solution case) tha, = by, = b;,,. Itis shown in Proposition 2.2 and Corollary 2.2.1 that
this is case ifAs/Ar = s /r.. Moreover, forAs/Ar = s_/r, it also holds thaby, = b}
sincep,(e)/pr(€e) = sLp'(e)/(r. + s.p(e)) = p(e)/p.(e) by the first-order conditions of the
principal’s problem under project observability in Lemma.2Hence, the dficient condition

in equation (2.9) becomes also necessary here. Next, | draivthte necessary andfBaient
condition for existence (2.8) is always fulfilled fas/Ar = s /r.. DefineAV®, = Vp,, -V
andAV" = Vj - V.. Now, using tha€}, = €, = €, ande = € if As/Ar = s /r,
yieldsAV?, = (Arfn +As9y p(€;)) (Y - bu(€))) andAV? = (Ar6y +Asdnp(e; ) (Y—bi(€],))-
Equation (2.8) will be satisfied &AV*, — AV > 0. | next show that this holds true here. The
trick | will use takes into account thatv",, (resp.AV” ) are equal to/;,,, (resp.Vy; ) up to a
constant ifAs/Ar = s /ry.

AV, = (Arth + A P(ei) (V- bu(eiy)
_ Ars,

S 0up(e) (7 bue) by As =

= (ArGH +

= S+ s )7 - bicei)

re

LIt is shown in Proposition 2.2 that this specific combinatidrparameters is also the ctitgoint for the
main dficient result of this paper.
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Analogously, we receivaV”, Am“( +st(eHL))(y bL(eHL))

Vi = (1 + Ar) + (s + Aso)plei) (7 - b(ei)
Ars_

(r+ Ar) + (5 + =2)p(e) (7 bu(ei) by As=

e

- (rL+AreH)(1+—p(eH)))(y b(ei)

(
-
= (0 + ar6) + 20+ AR |7 bi(ei)
(
_ i+ ArQH)(

L+ s p(ei) (- bucer))

Vil = ((rL + Aréy) + (s + As@H)p(e’;.L))(y - bL(e;L))
_ (r|_ + Ar@H)

1L+ sp(ei)7 - butein) analogously to/j.

Hence, the maximizer d¥y(€), €, is also a maximizer oAV (e). The same argument
applies toVy (e) andAV  (e). Moreover,AV y(€) andAV_, (€) inherit strict concavity ire
from Vyn(e) andVy, (e).

Thus, it finally sdfices to show thaAV y(e) is weakly larger thar\V | (€) ate = €, .

AV, (Eh) = AV.0(6i) = 1%+ 5cPLe) (7~ Bu(Eh) - 0= bu(ei)

- 2091+ pt) i) - )

which is strictly positive sincéy(e) < b, (e) Ye. By strict concavity oAV y(e) andAV  (e) |
receive that\V*, = AV y(e},) > AV u(€;) > AV (e}, ) = AV’ , which completes this first
step of the proof.

If Ar # r As/s., AV’ andAV" can be expressed as follows

AV’y = Vyunu(ey) — Ven(ely)
= ((re + Arau) + (s + A9)p(ER) (- bu(er)) - Vi
AV' = Vy (&) — Vi(e)

= (Ar@H + ASOy p(e;:L))(Y— bL(ei:L))) - V(.
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The suficient condition for existence (2.9) will be metAV*, —AV”, > 0. In a last step it will
be shown that (2.9) is always satisfied\if < r As/s., while (2.9) (and therefore potentially
(2.8)) might be violated iAr is much larger than As/s.. Giventhat AV —AV” )|ar=r as/s. >

0 it suffices to show that

(AVy = AV Dlar<rasis. > (AVIy = AV lar=ras/s, and
(AV'y = AV )larrsrasis, < (AVY = AV )lar=r as/s, YAr’, Ar” feasible.

From the first—order conditions faf;(€), it can be seen that,, andV;, are independent of
Ar. Hence, it is sfficient to show thatlViy (€], (Ar), Ar)/dAr — dVy (€], (Ar), Ar)/dAr < O
for all Ar feasible.

dViuu(ey(Ar), Ar) — Vuu(ey(Ar), Ar) — Vuu(ey(Ar), Ar) _ de, (Ar)

dAr OAr * oe dAr
_ OVun(e(Ar), Ar)

OAr
= 0u(¥/- bu(ei(ar)) > 0
dViy (e, (Ar), Ar) Vi (e (Ar), Ar) . OVuL(€}, (Ar), Ar) . def,, (Ar)
dAr B OAr oe dAr

= 64(V - buleu (Ar)) > 0

+0 by the envelope theorem

It now holds thatdViy (€], (Ar), Ar)/dAr < dViui (€], (Ar), Ar)/dAr for all Ar feasible since
b (€], (Ar)) = by, (Ar) > b}, (Ar) = b.(e], (Ar)) for all Ar feasible.

By applying the implicit function theorem to the first—ordendition ofVy_(e), it can be easily
shown thatle, (Ar)/dAr < 0. Sinceej,(Ar) > €, (Ar) (or equivalentlyby, (Ar) > by, (Ar)) for
all Ar feasible there existsarS > r - As/s_ s.t. by, (Ar) < 0 for Ar > Ar{ andbyj,(Ar{) > O.
For Ar suficiently large there existsarg > r - As/s_ s.t. (AV", — AV?)lar < O for Ar > Arg.
Finally, | defineAr® as mifArg, Arg}.

This argument is given for interior solutions (case 1 of Lean®3) but is also applicable
to corner solutions (case 2 of Lemma 2.3). To see this notethieasuticient condition for
existence (2.9) includes pure fixed—payment separatioichwdould have been chosen by the
H-type principal if choosing pure premium separatiendrner solution). Thus, by revealed
preferences thel—-type principal in case 2 of Lemma 2.3 will not deviate frora thast—cost
separating contract if (2.9) holds. O
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Proof of Proposition 2.1.For o being a PBEw] (resp. wj) must maximize the.—type’s
(resp. H—type’s) expected utility givewr,. For pessimistic out-of-the-equilibrium beliefs
u(Hw # wy) = 0, the L-type optimally chooses/, but theH-type might prefer not to
separate from the—type viaw;, if this is very costly relative to being perceived as lowgyp
principal (=potential non-existence). The best non-separating cdrfsaH—type is equal to
wy,, = (0, b}, ) which maximizes/y(w, u(L|.) = 1). Henceg is an equilibrium if and only if
Vur(We) > Vi ((0, by, )) which is the case foar < Ar€ (cf. Lemma 2.4%.

By applying the intuitive criterion of Cho and Kreps (198fhe least—cost separating contract
is uniquely selected in equilibrium. This means that efyu#i which allow credible deviations
for the H—type are ruled out: Hence, there is no contraetith o-p(Wi) = O for all i such that

T a(IW)-Vin(w) < ViL(w)) for all possible best responseg(w) tow, while a(.[w)- Vi (w) >
Vuu(wy,) for all possible best responses(lw) to w for which the agent’s beliefs satisfy
a(Hjw) = 1. O

Proof of Proposition 2.2 Firstly, consider the first—order condition of thk-type principal’s
problem for interior solutions=casel of Lemma 2.3) which determings the least—cost
separating €ort level. Suppose thap{,(e) — p; (e))(y — bu(€)) — (pn(€) — pL(€))b},(e) = O for
e = €],, the second-besttert level. Rearranging yields

(Pr(en) — P(er)) _  bL(eh)
(puer) — PL(Er) — (V= bu(e)

From the first—order condition of the—type’s problem under project observability in (2.6), |
receive analogously,

PL(eL) _  bi(en)
pH(E,) (V- bu(e,)

Substituting the the last equation into the inequality fraimove and simplifying yields

Ph(eh) _ PL(E)
PH(E;,) b p(er)

By multiplying with €, | get the elasticity condition in (2.10) (for case 1 of Lem&a). |

21t turns out that relating the existence condition to prdipsrof success probability function isfidcult in
the general framework since the model does not satisfy destrgssing property. Moreover, the comparison
betweerVyn (W) andVuL((0, by, )) requires knowledge of the contraces,(b,) and (Qby,, ) in absolute terms
rather than implicit functional forms.
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conclude that,(e) — p; (€))(y — bu(€)) — (pu(€) — pL(e))b,(e) = 0 ate = €, corresponds to
€}, = €, by strict concavity of the principal’s expected utility inet least—cost separation case
(see proof of Lemma 2.3).

In case 2 of Lemma 2.3, i.e. if als&I(y), besidesICy) and (Cp ), is binding, the inte-
rior solution from above does not exist. However, by contynaf the principal’s expected
utility function, the selection condition in case 2 picks #ffort level with the corresponding
properties, i.ee’, > €, if and only if ny(€},) > n.(€,). |

Proof of Corollary 2.2.1.

@ >n(e e
P _ P
pu(e)  pu(e)
(s +A%) PO s-p@
(rL+ Arfu) + (sL + Asfy) - p(€)  ro+s.- p(e)
r.+ s p(e) o (rL + Arfy) + (s. + Asy) - p(€)

S (s + AsHy)
I (r|_ + Ar@H)
§+p(e)>m+p(e) =

o . (r. + Arép)
St (SL+AsHy)

.S, +rAsf9y >r. s +Arsiy <
As s

Ar o’

which is independent af anddy. O

Proof of Proposition 2.3.If an equilibriumo € My(X) is separating, then the unique least—
cost separating contraat, w;) will be selected. Foorr € My(Z) being pooling, both types
of principal must choose this contract with probability on& candidate for such a pool-
ing contract is the optimal pooling contract for thie-type principalw"®(3) = (0, b"°(B)),
which is unique. By construction ofP°(8), Vi;(W"°(B)) € [V}, V4] with VEWPO(B)) =

pH (€7°(8)) (Y — bPO(B)). By optimality of least—cost separationr(< Ar¢, cf. Lemma 2.4) it
holds thatv(Ww"°(0)) = V;;, < Vu(W}). Moreover,Vi(WP9(1)) = Vi, > Vu(W?), if the in-
centive constraint of the—type principal is not trivially satisfied by;,. Hence, by continuity
of Vi, (W"9(B)) in B, there exists #° € (0, 1) such that/j;(w™°(B)) < Vu(ws) for g < ¢ and
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Vi (WPO(B)) > Viy(wg)) for g > 5°.

It is left to show that folB3 > € there exists a- € My(X) which implements the optimal
pooling contract for théd—type principalw”®(B). This requires that it is also optimal for the
L—type principal to €erw™°(g), i.e. VP(WP°(B)) > V; given pessimistic out—of—equilibrium
beliefs. This condition is satisfied even with strict inelifyasince otherwisen™°(8) # w,
would satisfy the incentive constraint bftype principal and make—type principal weakly
better df thanwj, which contradicts optimality and uniqueness of least-septrating con-
tractwy,.

Finally, M* = M_(My(Z)) selects the pooling contract fgr = ¢ becauseV(W"°(B)) >

V. O

Proof of Proposition 2.4 The proof follows directly from the derivation &f°(8) and Propo-
sition 2.2. O



Appendix B

Appendix of Chapter 3

B.1 Proofs of Section 3.2

Proof of Lemma 3.1Using the properties of the reference distributions, weritevthe utility
function further,

Ua(X, Pa, Ps) =(V—tx—pa) + (1 = Xun)(Ps — Pa)

_/l.t(fo‘l_quZ(x—S)dS+ fli(un(x—s)ds)+t(fjun(s—x)ds)

=(v =X~ Pa) + (1 = Xun)(Pe ~ Pa)
— 53+ 200 ) = (1= Re?) + 5~ 02 GEY

1-X
Us(X, Pa. Pe) :(v—t(l—x>—ps)—ﬂ->zun(ps—pA)—A-tfo 2(1- %) - 9 ds

+ t( fll%nz(s— (1-x)ds+ fxu (s—(1- x))ds)

—X 1-Run
=(v—t(1—X) — pg) — 4 Run(Ps — Pa) — 1 - t(1 - X)?
+ t((x — Run)? + (% — X — Run + 2x>?un)). (B.2)

Next, we find the location of the infilerent uninformed consumer= X, by settingua = Ug,

99
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where

” “ “ t
Ua(Xun, Pa, P8) = V—tXin—Pa+ (11— RKun)(Ps — Pa) — 1 - >

. . . . 1
Us(Runs Pas PB) = V= t(L = Run) — P — 4 - Kun(Pe — Pa) — - (1 — Kun)? + 2(5 - Run)?

(1~ 202 %?)

If she buys produch the indiferent uninformed consumer will experience no gain but the
maximum loss in the taste dimension. If she buys pro&uste will experience a gain and a
loss because distance could have been smaller or larget tha&p,. With respect to the price
dimension the indferent uninformed consumer (like all other consumers) facdg a loss
when paying pricgg and only a gain when paying priga.

Ua(Xun, Pa, PB) = Us(Xun, Pa, Pe) Can be transformed to the following quadratic equatiox,in ~

0= 21~ 1) %, ((1- )(Pe - P) - 401) R+ (2p6 -~ P + 532+ 1)) (B3)

Solving this quadratic equation w.ri,, leads to the expression given inthe lemma. 0O

B.2 Proofs of Section 3.3

Proof of Lemma 3.2.

9AaAP;B) _ _9aa(AP:B) _ _99s(Ap;B) _ _9qs(Ap;f)

Y TR 9Ap ope
= ,B)A(,’n(Ap)+(l—,8))A(,’Jn(Ap)
1 (1-p5) (Ap (1+2)
= 23" 25600 (@ e 1)) >0

©
¢’ >0 VApfeasible and/g. At the boundaries we have

(1+2)

21-1) 0

FOB) = —(1-30)+(1-p)
¢'(Ap— Ap;B<1) — oo sinceS(p) = 0.
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For 0< Ap < Ap™®*the demand oA is convex inAp. At the boundaries we have

B+)(B+3) .

642 (SQAP)

¢"(ApB) = (1-P)- Xp(Ap) = (1-5)-

¢” >0 VYApfeasible and/ < 1 sinceS(Ap) > 0:

B+)(5B+31)

2. (+1¢
32 (17

¢"(0:8) = (1-8)-

¢"(Ap—> Ap;B<1l) — oo.
O

Proof of Lemma 3.3Combining FOC,) and FOCg) yields the required equilibrium condi-
tion as a function of price éierences. O

Proof of Proposition 3.1.We first consider the case af > 1°. We can derive a number of
useful properties of (Ap; B) = (1 — 2¢)/¢’:
f(0;8) = 0/¢'(0) = 0VB, f(Ap; B) — 0 sincep’(Ap) —» VB < 1, andf(Ap,1) = -2Ap < 0.

20F A2, ¢0-2)

@) o7 )=

f'(Ap;B) =

o032

f/(0;8) = -2 < 0 VYpandf'(Ap;B) - -2+ =) - o VYB < 1, andf’(Ap,1) =
-2 VYAp.

It has to be shown th&t(Ap; B) is strictly convex inAp for 8 < 1. We find that

@~ 2L~ 28) - 20
- @) w0

fr(ApB) =

If B < 1 by continuity off(Ap), f(0;8) =0, f(Ap;B) — 0, f'(0;8) <0, f'(Ap;B) = o > 1,
and strict convexity off (Ap) for 8 < 1, we know that forAc = Ap there are two potential
interior equilibria. This is illustrated in Figure 3.2. Thecond equilibrium arises because
depicts a second solution top = f(Ap;8 < 1) + Ap sincef(Ap;3 < 1) = 0. Moreover,
by continuity of f(Ap) two potential equilibria occur foAc > Ap (if any) because\p <
f(Ap; B < 1) + Ac. For values ofAc lower thanAp, f(Ap; 8 < 1) + Acis always smaller than
Ap and no second equilibrium can arise.
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If B = 1, f(Ap;B) is strictly decreasing for alhp and at most one intersection between
f(Ap; 1) + Ac andAp exists (standard Hotelling case).

Secondly, in the case of & 1 < A° there are corner solutionsAp > AP because firmA’s
demand of uninformed consumers is bounded at one. ThisesdumA'’s incentives to set

a very lowp, in equilibrium (that leads tap > ApP) because that would decrease the profit
margin for all its consumers while only increasing filkis demand of informed consumers.
It can be shown that Ap aboveAp is not optimal if the optimal price éierence for informed
consumerap* = Ac/3 lies belowAp.? Thus, there exists no second equilibrium in this case.
For Ap* = Ac/3 > Ap a higher price dference tham\p can arise in equilibrium because
attracting further informed consumers is profitable in @itsiation. But them\p* = Ac/3
describes the only potential equilibrium which is drivertbg demand of informed consumers
(standard Hotelling case). Hence, the uniqueness condiBd 2) also sfiices to rule out
second equilibria fon € (1, 2. O

Proof of Proposition 3.2. 1. To find an upper bound akc for which the equilibrium con-
dition (3.11) is satisfied we determine the point at whi¢hp; 8) is a tangent on the
Ap-line.

Tangent condition:

ffapp =1 o 3¢y +¢"(1-2¢9) =0 (B.4)

An analytical solution to 3{)? + ¢”"(1 — 2¢) = 0 can be found fog = 0.2 Denote this
critical price diference aé p'(4,t).*

Then, the equilibrium condition in (3.11) can be fulfilledaid only if Ac satisfies the
following condition

AC < Ac® = Ap®?(a,t) — f(ApP®(a,1); 8 = 0). (B.5)

2. We next rule out somgotentiallyinterior equilibria . First suppos#p’ does not satisfy
S OG,, thenAp’ depicts a profit minimum for firmA. Ap’ cannot be an equilibrium.

LAn analytical solution for (3.11) can be determined in this&Ap* = Ac/3.

2Under (3.12)Ac is weakly lower tham\p which can rise above/% for 1 — 1.

3This is suficient sinces = 0 is the most critical case w.r.t. existence and uniquer&ssreason for this is
that forg > 0 there is a positive weight on the demand of informed conssimubich is purely linear.

4ApB(A,1) is decreasing in.
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Moreover, comparing (3.10) and (B.4) shows that the ctipcige difference for locally
satisfyingS OG, is always lower thamp®®. Hence, a non—empty set pbtentially
interior equilibria is ruled out by local non-concavity.

Secondly, if apotentiallyinterior equilibrium locally satisfie$ OG, but S OG, is lo-
cally violated for some largekp, the profit function of firmA is strictly convex for a
suficiently large non-local price decreapg. If the convexity is stficiently large the
profit of firm A is increasing for large non-local price decreases. Thusndacal devi-
ation becomes profitable for firi.> Given the non-decreasing convexitymf in —pa
the optimal deviation of firmA is such that firmA serves the entire demand of unin-
formed consumers, i.ep] s.t. Ap? = Ap™* Decreasingl further is not profitable
since firmA only attracts informed consumers while its profit margin ggdewn for
informed and uninformed consumérén the following we can restrict our attention to
price deviations by firnA that steal the entire demand of uninformed consumers.

ﬂ-A(pA’ pE)
0.8

0.6
0.4+

0.2

| I I I I | I I I I | pA
0.5 1.0 15

The Figure shows the profit of firiy, 7a(pa, Pg), as a function of its own price given
ps = pg for Ac = 1 (ca = 0,cg = 1) and parameter values @f= 0,t = 1, andd = 3:
Py = 1.17309,p; = 1.55863,pi = 0.80863,Ap* = 0.385537, and\p™* = Ap =
3/4.

Figure B.1: Non-existence

SFigure B.1 shows an example of patentiallyinterior equilibrium in which deviating by firmis profitable.
6For situations witht — 1, in whichAp* > Ap™can arise, it can be shown that non-concavity ofs not
a problem.
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In such a situation firm setsp3 = pg — Ap™ Forg = 0 the firmA’s deviation profit,
9, is equal to P4 — ca) - 1 while for € (0, 1] itis equal to % — ca) - #(Ap™ B) with
(AP B) = B+ Kin(AP™™) + (1 — ) - 1. Using thatpl = p; — Ap™ we receive

T = (p"s - AP - CA) - p(AP™SB)
1-
= (—¢,¢ + Ac— Apmax) - (AP B) by FOCg
= (e Do) eapmp) by(3.11)  (B.6)

For non—deviation, firni\'s profit is equal tora(Ap*) = (P, — Ca)¢, Which is equivalent
to ¢?/¢’ by FOCa.

Thus, deviation of firmA is not profitable if and only ifra(Ap*) > #%.” Rearranging
yields the required non—deviation condition

¢ (HAP™B) — 4)

AD< A ndEA max _
PP P ¢ - $(APT )

In Lemma B.1 in the appendix we show thigh"® is uniquely determined by this non—
deviation condition ifAp™ # Ap™®*and that the set of non—negativg" is non—empty.

Combining this with the equilibrium condition (3.11) we dghat existence of interior
equilibria is ensured for non—negatitg@"™ if and only if Ac < Ac™ = Ap™ — f(Ap").
However,Ap"® can become negative if the degree of loss aversion becorodsgh.
Here deviation is profitable even for symmetric settinygs £ 0). But an upper limit on
the amount of uninformed consumers can reinforce existenggmmetric equilibria in
this case. In the second part of Lemma B.1 the critical leV&ss aversion for which
Ap" becomes negative is determined and the critical levgd a$ a function ofi for
Ac = 0, 8°(2), is defined.

3. Any equilibrium s interior because discontinuity of filis best response function rules
out non—interior equilibria.

O

"We assume that firmA does not deviate from an interior strategy if it is ifidrent between deviating and
playing the interior best-response.
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Existence result completed

Lemma B.1: 1. Fora e (1,1+2+v2], Ap™ > 0is uniquely determined by the non—
deviation condition in(3.14)

o (oapm) - 9)
R

Ap”d(ACZO,,B:O):{Ap|Ap:ApmaX— ,Ap;eApmaX},

2. ForA>1+2v2, 3p%%1) > 0s.t. Ap¥(Ac = 0,8 = g°M(1)) = 0.

Proof of Lemma B.1First note that the non—deviation condition is triviallytisaed atAp =
ApM®(see Figure B.2 below for a graphical illustration of the adeviation condition). It can
be shown that\p + % approachea p™ from above forAp < Ap™*. At Ap = 0,
Ap + % is strictly increasing and strictly concave. Moreovep + % is
continues and exhibits at most one saddle pointMipr< Ap™#*. Taken together, there exists
a uniqueAp < Ap™® at which the non—deviation condition is satisfied. Denotimng Ap by
Ap™, Ap™ < 0 if and only if atAp = 0, Ap + % < Ap™ It can be shown that
vt > 0 andB = 0 this holds if and only ift € (1, 1+ 2V2].

It can be shown that the non—deviation condition is contirsueind monotonous j&

ForA > 1+ 22 the non—deviation condition can be reinforced it 0. Solving fors®t(1)

in Ap"(Ac = 0,8 = (1) > 0) = 0 yields

_ —A(51+14)+ @I+ 5) AN + 5) + 113)+ 77)- 13

crit D=1 s B.7
Fo" () 2(1 - 1)+ 3) 87
for 1€ (1+2v2, 29 (i.e. Ap™ = Ap) and
- 37083 - 21A% + 17722 = 54AA + 2470 - 21IA - Q + 83
A =1~ - - - (B.8)

2(12203 — 7A2% + 4642 — 10A1 + 82 + 17A — 66)

with Q = (44° — 2A2° + 15961° — 918AA* + 198481* — 9316A A3 + 913841% — 31228\42 +
1972681% — 42618\ 1 + 201868 — 20366\ + 78880%/2

andA = V312 + 141+ 15 for A > A° (i.e. Ap™@ = Ap). Ford — o it holds thatss™(1) —

q _ 87+21V3 Va-2v3
-24+14v3

~ 0.577. Compare Figure 3.3. O
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Ap + % - solid, Ap™@: dashed

0.80|
0.75}

0.70:

0.65

! . . . . . . ! Ap
0.2 0.4 0.6 0.8

The Figure shows the non—deviation condition of fidpnas a function of the price
differenceAp for Ac = 0.25 (ca = 0.25,¢cg = 0.5) and parameter values gf= 0,

t =1,andl = 3: Ap"® = 0.27889,Ac™ = (Ap™ — f(Ap"®%; 0)) = 0.75963,Ap™ =
AP = 3/4, andAp = 0.83485. non—deviation fokp < Ap™ = 0.27889.

Figure B.2: non—deviation for asymmetric industries

B.3 Proofs of Section 3.4

Proof of Proposition 3.3ForAc = 0 we get by (3.11), (3.12), anid0;8) = 0 thatAp*(B) = 0
is the unique equilibriun¥g € [0, 1] (provided it exists). Rearranging-QC;) and applying
thate(0,8) = 1/2 for all 8 yields

1
2

4= 505

Sk

P —

Vi € {A, B},
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where

§0p) = (1-3) - 2P (o “+2) )

250y " 2ta-1)

1 Q-B{( 1+2
-~ 2012

2,5\ 21 - 1)

1 (1-B)(1+2)
=g+ 2t(1 + 1)
1

4t + 1)

(2(4 +1)-(1-B)(A- 1)).

This gives rise to (3.17). |

Proof of Proposition 3.4.

dAp*(Ac) (#')?
dic 32+ (1-24) (-1) (B.9)
(¢')

3(¢)? + ¢ (1 - 29)

Since¢’ is strictly positive and denominator aofAp*(Ac)/dAc is equivalent to the tangent
condition (B.4). We obtain that

dAp*(Ac)

A >0 (B.10)

if Ap < Ap®(4,t). Moreover, sincg”(1-2¢) = 0 for Ac = 0 (i.e. Ap = 0, compare symmetric
equilibrium ) andy” (1 — 2¢) < 0 for Ac > 0 it holds true thatdAp*(Ac)/dAc > 1/3. |

Proof of Proposition 3.5.

dmi,(Ap*(Ac)) oy ’aAp*
dAc ~ AAp* OAC’
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where by FOC,)

oMy _OPy _(¢)Y-9¢"-¢

e "amp - @y 2° (B.11)

which may be positive or negative fgr < 1. Firm A’s markup is increasing in the price
difference if the price dierence is rather low and the share of uninformed consumeos teo
high. It is decreasing for large priceft#irences arndr if the share of uninformed consumers
is high. Using (B.9) we receive that

dmy(Ap*(Ac) (¢ -9¢"-¢ _
dAc - 3(¢')2 + ¢u(1 _ 2¢) 2 0. (812)

Hencemj, is not strictly increasing ip*. Firm A’'s markup decreases in the pricéfdrence if
the price diference, i.e. if the cost asymmetries in the industry/arttie share of uninformed
consumers become too large. (Compare markup.of O

Proof of Proposition 3.6.

dmy(Ap'(AG) _ omy aAp

dAc OAp* OAC’

where by FOCp)

omg  0py  —(¢)2—¢"-(1-9)

Ao " 9Ap " e <0, (B.13)

which is always negative for ghi. Using (B.9) we obtain that

dMyAP(AS) _ (@P+¢"-(L-9)
T dse 3@Peet-20 (E:44

Proof of Proposition 3.7 Recall that the equilibrium is implicitly characterized by

1-2¢(Ap:B) _

Ap—-AC—
P A p)
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The equilibrium price dference then satisfies

dAp'(B) _ (1- —2(¢') ~ ¢ (1~ 29) )-1( 2 - (- 2¢>)
ds (¢')? @2
o (¢')? ' (2¢'¢ﬁ + ¢ — 2¢,}¢)
- 3(¢')% + ¢ (1 - 29) (¢)?

209+ 9)(1-2)
3@ + ¢ (- 20)

We show that the numerator 8f§;—(m , denoted bYN(ApP*; ) = —(2¢'¢s + ¢3(1 — 29)) is
negative: For alAp with 0 < Ap < Ap™® and for allg € [0, 1], we can rewrite

. 10 . &
NAPB) = =20y~ $4(1-26) = 21~ B)Son +Bz) - (o= o)

HRon~ )1~ 201~ F)n — 28%)
1

e oy o 1 .
= ;(xun—mn)+(xun—§)(1—2>qn)

1. . . 1
= qun + (Xun)(l - 2Xin) - E
1. 1. ., .
= ¥(Xun + 5) — Xin(2%n = 1)

= _Zt%n ) ()'Zm - %) + 1(2un - %)
= 2%, (AP)Bn(AP) %) + (Run(AP) - %)

SinceN(0; ) = 0 and

IN(Ap; B)

1 1 S 2
e ~(2%AP)Ra(AP) - 5) + 2R AP (AP) - n(AP))

~2(2%n(AP)a(aP) - ) + 0~ 0) <0

it holds thatN(Ap*; 8) < O for all admissibleAp, S.

Consider now the denominator gﬁ‘%ﬁ), denoted byD(Ap*; B) = 3(¢')? + ¢”(1 — 2¢). We
show that on the relevant domain of pricéfdiencedD(Ap*; B) is strictly positive. We have
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that

3(¢'(0;8))* + ¢”(0;8) - O
3(¢'(0;8))* > 0

D(0;)

The sign of the derivative is of ambiguous sign:

dD(Ap; B)

SAp 609" + ¢ (1~ 20) ~ 26"

4¢/¢// + ¢/H(l _ 2¢)

ThusD(Ap*; B) is not necessarily non—negative. However, siD¢&p*; B) is equivalent to the
tangent condition (B.4) which approaches zerapt= Ap®(4,t) we conclude that

dAp*(B)
B 0 (B.15)
for Ap < Ap®(4,t), which is the relevant domain for equilibrium existence. ]

Proof of Proposition 3.8.

dpa(AP°(B):6) _ OPh OAP' 9P,
dB arpT 9B 9B’

where

0P _ @Y -¢" ¢
OAp* (¢)?

which may be positive or negative. Henpg is not strictly increasing imp*. Firm A’s

=20,

prices goes down in the priceftérence if the price dierence becomes too large, i.e. if the
cost asymmetries in the industry or the share of uninfornrmtemers becomes too large.
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(Compare price 0B.)

apy -0
B (9)

=~ (L= B)%in + B%0) Run = Kin) = (Rin = %) - (1 = B)%un + B%in) | 72

= @A~ )R ) (@~ B~ )~ R 1 (R~ o) ~ (e~ )| - =
= i B)(Xin ot Xun — Xin IB)(X:m_E)(Xun_xm)ﬁ(xun_xm)_(xun_E)Xm ﬁ
Coql. o1 1

= _>Exun_xunx|n ﬁ

The numerator o?% is independent g8.

pp,. 11 1
FAP=0) = 5[5~ %,0) 7o <0
ap;;(A = Ap = (%)A(un_ A,n%n) 0
aﬁ p - p_ 6) - = ¢/2 >

for € small because the numerator is positive Agr slightly less tham\p. This implies that
% = 0 for someAp € (0, Ap™), V8. O

Proof of Proposition 3.9.

dpa(Ap(8); B) dpg  0Ap"  Ipg

48 T oAp B B
g —(@)V-¢"(1-9¢) ¢"(1-¢)
where W = @7 = —(1 + W) <0
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In contrast toA, the price ofB is always decreasing inp*(5).
opg —¢'¢p — ¢p(1 - ¢)
B (¢')?
. 1. N N 1 . .
|~ (@ = A%+ B) (R = o) = (R = 5)(L = (L= B~ B%n)| -

L
(¢)?

- @B 5B~ ) + (1= AR~ )~ %)

1 N - 1 N 1
550 = %) = (R~ )0~ %) 7

P VLT B
_[ - ﬁ(xun) - (Xun - E) + Xunxm] (¢,)2 s0

B.4 Proofs of Section 3.5

Proof of Proposition 3.10The derivation of the indierent uninformed consumer wiil—
extended preferences is analogous to the derivation ointtiarent uninformed consumer
for @ = 1 provided in the proof of tmma 3.1. With a—extended preferences the location

equals
N l+a(21-1) Ap Ap?  (a(21+ 1)+ 3) (a1 + 1)
AD: _ _2F _ - ———— (B.1
Xn(APid@) = — T T \/16t2 dat(1-1) 22— 1z 810
By solving fora in equation (3.19) we receive
AN, ) = M. (B.17)
1+

Sinced(X',a’ = 1) = A’ andid/da’ = 2(X’ —1)/(1+a’)? > 0, A shows the required properties.
|

Proof of Proposition 3.11First consider informed consumers’ utility: We findx, p;) = (vi—
pi)—tlyi =X = —pi—tlyi— x| for alli € {A, B} in the first market and;(x, p{) = (v — p/) = tlyi = X
for alli € {A, B} in the second market. Since in the second market qualitydewre identical
(AV' = 0), itholds true thaki,(ApP) = Xn(Ap’) for Ap” = Ap—Av. If uninformed consumers use
quality-adjusted prices for determining their referencmpdistribution in the price dimension
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we also receiven(AP) = Xn(Ap’) for Ap’ = Ap—Av by the same argument. Finally, compare
firms’ maximization problem for both markets. Firfnsolves

r%?XﬂA(r)A, Pe) = (Pa + Va — CA)[B - Xin(Ps — Pa) + (1 —B) - Xun(Pe — Pa)] and
nr:)?m(p;, Pe) = (Pa = CA)IB - %in(Pg — Pa) + (1= B) - Xun(Ps — PA)]-

Firm A's equilibrium prices are identicaffimarkups in both markets are identical, i@ +
Va — Ca = Pj, — Cj, and both demand functions are identical, A@. = Ap — Av. Analogously,
for firm B this holds trueft pg + Vg — Cg = p; —Cy andAp’ = Ap— Av. Finally, taking markup
differences between firms we g + Av— Ac = Ap— Acin first market and\p’ — Ac’ in the
second market. Faxp’ = Ap—Av both markup dierences are the sanfeAc’ = Ac—Av. O

B.5 Tables



Table B.1: Small Cost Dlierences:

The table shows the analytical solution of the market elgudifor parameter values of= 1,1 = 3,c5 = 0.25,¢c5 = 0.5:

B

1.0
0.8
0.6
0.4
0.2
0.0

PA(B)

1.33333
1.37274
1.41524
1.46121
1.51103
1.56518

()

1.41667
1.45643
1.49932
1.54572
1.59603
1.65072

Ap*(B)

0.0833333
0.0836887
0.0840806
0.0845149
0.0849986
0.0855405

aa(Ap?)

0.541667
0.539995
0.538326
0.536662
0.535002
0.533347

Table B.2: Intermediate Cost Dérences

%in(APY)

0.541667
0.541844
0.54204
0.542257
0.542499
0.54277

Xun(ApP°)

3
4N

0.5324586806
0.5325%06272
0.53275®7281
0.5329350008
0.53315674663
0.53334/01846

g
0.420139
0.439961
0.461361
0.484522
0.509652
0.536986

CS

1.37674
1.29508
1.21022
1.12178
1.02934

CS;,

1.37674
1.33717
1.29448
1.24832
1.19828

0.932421 1.14388

The table shows the analytical solution of the market elgudifor parameter values o= 1,1 = 3,c, = 0.25,¢c5 = 1:
Prices of both firms are first increasing and then decreasifg i

B

1.0
0.8
0.6
0.4
0.2
0.0

PAB)

15
1.5039
1.50553
1.50448
1.50029
1.49248

P(8)

1.75
1.758
1.76414
1.76803
1.76925
1.76737

Ap*(B)

0.25
0.254109
0.25861
0.263546
0.26896
0.274896

aa(ApY)

0.625

%in(APY)

0.625

Xun(AP")

£ 3
A

0.605992 0.78125

Sk

g

0.28125

0.62324 0.627054 0.60798 0.78187285586
0.621651 0.629305 0.61017 0®0Z8 0.289112
0.62026 0.631773 0.61258%80D0A 0.29165
0.619097 0.63448 0.615251 4048/ 0.293008
0.618194 0.637448 0.61819%68092 0.292988

CS

1.07357
1.00758
0.942908
0.879835
0.818625

CS,

1.13519
1.13188
1.13111
1.13332
1.13897

CS),

1.16648
1.12672
1.08382
1.03742
0.987112
0.932421

CS,

@31401.14063 0.834921

0.827071
0.821115
0.81744
0.816464

0.818625

V11

€ 4341dVHO 40 XIAN3ddV g XIAN3IddV



Table B.3: Large Cost Hierences:

The table shows the analytical solution of the market elguudifor parameter values o= 1,1 = 3,ca = 0.25,¢5 = 1.25:
Non-existence fg8 = 0 (see Figure B.1)a(Ap*) is decreasing i, i.e. uninformed consumers are easier to attract thannmddr
consumers. Reason: Due to large pricedences loss aversion in price dimension dominates logsiaman taste dimension.

Uninformed consumers are more willing to buy the less expensoduct.

B PalB)

1.0 1.58333
0.8 1.5623
0.6 1.5361
0.4 1.5043

P& (B)

1.91667
1.90417
1.88738
1.86596

0.2 1.46663 1.83971

0.0 -

Ap*(B)

0.333333
0.341863
0.351282
0.361666
0.373075

da(Ap)

0.666667
0.66734
0.668631
0.670654
0.673535

Xin(AP")

0.666667
0.670931
0.675641
0.680833
0.686538

Xun(AP7) T g

0.64837@88889 0.222222
0.652973 51587 0.217615
0.65811/59926 0.211208
0.66386811098 0.202865
0.6702&819444 0.192519

cs' cs;,
1.02778 1.02778
0.974147 1.04598
0.923306 1.06911
0.87537 1.09757
0.830299 1.13163

CS;,

0.673468
0.686806
0.7046
0.727236
0.754968

s319v.L ‘9’9

GT1
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Appendix C

Appendix of Chapter 4

C.1 Proofs of Section 4.3

Proof of Proposition 4.1. (i) Comparing the respective necessary conditions for fomedix-
imization and invoking the assumption of symmetry betwdertivo profit functions, we

obtain

4 (Pas P8) = ~wF2(Pas Pe) < F2(Pa, Ps) = 0.

Since the slope of is smaller than that ofg for any chosen fa(w), pe(w)) given
w > 0, it follows from the strict concavity ofa in pa that pQ(w) > p2(w).

(i) 1t follows directly from the above argument and Assuiopt (i) invoking symmetric
profit functions thatra(pS(w), ps(w)) < me(PS(w), PS(w)) for all w > 0.

(i) Di fferentiating twice the two necessary conditions and invgittie matrix of derivatives,

we obtain -
p on
o N N [ €1
Po| awm-as®| -a a || 0
so that we have to evaluate o
dw  ayay —agd dpa '
and o
(9pB _ Ao 67’(3 (C 3)

dw — auady — azd Opa’
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where , ,
0 0
a = R (C.4)
op; op;
627(3
= , C5
0padpe (C-5)
827rA 8271'5
a3 = +w , C.6
* = Opadps Jdpadpe (C.6)
and ,
0 g
Q= —-. (C.7)
o3

The denominator of the right hand fracticaa; — aza,, is positive under assumptions
(i) and (iv). Both numerators-a, anda, are positive by the same assumptions. Hence
both (C.2) and (C.3) are positive, by Assumption (ii).

ap3
B ?

0 pcB)
e

) ) O O
Towards seeing thaf2 > 72, observe that® =

iff —a4 = a,. But—ay > a, by the
second part of Assumption (iv).

Di fferentiatingra(pS(w), pS(w)) andzs(pQ(w), pS(w)), we obtain

Oma, o 0 _ Onpadpa  Omadps

aw(pA(w), pg(w)) = TN * 3 0 00 (C.8)
and

% o o _(97rB(9pA Ong 0Ps

90 (Pa(w), pg(w)) = 90A O + ps 900 (C.9)

In (C.8) gﬁ tends to zero atg(w), p3(w)) whenw — 0, so that the first term is close
to zero in that neighborhood. The second term is positiveuiinout, so that%(w)
increases up to some®. By the second part of Assumption (ii) and the second part of
(iii) above, the negative first term must eventually domentie positive second one as
w increases, so thfe < 0.

In (C.9) the two components of the first term are positive bguksption (ii) and Propo-
sition 4.1 (ii), respectively, whilst the first componenttbé second term is zero by the
necessary condition, so th%% > 0O for all positivew.

Proof of Proposition 4.2. (i) Below, under (jii) we show thap)(w) increases ang}y (w)



C.1.

(ii)
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decreases iw. By Assumption (i) we know thap}'(w) = pY(w) atw = 1. To satisfy
this equality, it must hold thgt(w) < p¥(w) for w < 1 andp) (w) > p¥(w) for w > 1.

Below, under (iv) we show thata(p) (w), py (w)) decreases ands(pk (w), py (w)) in-
creases iw. By Assumption (i) we know thata(p) (w), py (w)) = me(pX (w), Py (w)) at
w = 1. To satisfy this equality, it must hold that(p) (w), py (w)) > 7s(pPY (w), Py (w))
for w < 1 andra(p) (w), PN (w)) < 7e(PY (w), Py (w)) for w > 1.

(i) Di fferentiating twice the two necessary conditions and invgitie matrix of derivatives,

we obtain -
ap us
gl P S Rl (C.10)
r’?ﬁ baby —b3by | b, by ora
ow Jape
where , ,
by = a—’? P (C.11)
op; op;
827'(/_\ 627(3
b, =bs = ) C.12
2T T Opadpe +w5pA5pB ( )
and

_ (9271' A 6271' B

o2 " op (€19

7

As before bsb; — bsb, is positive under assumptions (iii) and (iv). Both numerateb,
andb, are positive by the same assumptions. Hence by (@%0} 0 and%ﬂ <0if

87rB 87rB
bj— —b3— <0 C.14
TR (C.14)
and 5 5
B B
—b3s— + bj— > 0. C.15
3oon 2o (C.15)

ong

Assumption (ii) ensures thaﬁ;‘% < -1. To ensure the inequalities (C.14) and (C.15),
apa

respectively, we need that b(ﬁm > bz and|b,| > bs. For givenw both inequalities are

ensured by Assumption (iv).

(iv) Differentiatingra(pi(w), py (w)) andrg(p) (w), py (w)),

67'(/_\

ona Orp 0pa N Orp OpPB
ow

M M —
(P (@), PY (@) = 252 + SR

(C.16)
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and
67’(3

£

Ong 0Pa N Omg 0pPg

A7
GpA ow 8pB ow’ (C )

(P (@), Pg (W) =

we see thag® < 0 follows directly from the fact thag < 0 at (P} (w). p} (@),
Assumption (i) and Proposition 4.2 (iii?{%B > 0 follows from the symmetric argument.

O

C.2 Proofs of Section 4.4

Proof of Proposition 4.5 First we show that for any givem > 0 it is optimal to choose a
direct mode of acquisition because this maximizésparticipation in acquisition gains from
an investment irB. Then we establish that given a direct mode of acquisitior 1/e%
maximizesl;’s paydt.

1. Consider the second term of (4.17). For giveanda?, if [xf(w) — 79(0)] is positive
(resp. negative), investdg wants the weightg(as,y; @) = (as + aly)/(as + ), t0
be as large (resp. small) as possible. Howeggrg, y; %) is maximized forag > 0,
y =0, i.e.g(as, 0;2%) = 1, and minimized forrg = 0,y > 0, i.e.g(0, y; %) = 9.

Next, we have to distinguish the cases of control vs. no oantr

e k=0:
[73(w)—75(0)] > O forw > O sincer§(w) is strictly increasing i by Proposition
4.1. Hencegg > 0,y = 0 is optimal and we receive

7(w) = aa - ma(w) + [15(w) — 75(0)]. (C.18)

e k=M:
Since forw = 0 investor; only cares about the profit in firdy, we cannot rule out
that fryy (0) — 79(0)] < O.
By symmetry and no firm shut (Assumption (WY (w) + 7§ () is maximized
atw = 1. By the principle of optimization we also know thaf (1) > 75(0)
becauser (1) is the profit resulting from maximizing the equally weigti sum
of profits at coordinated prices, whilsf(0) is the symmetric NE profit. Thus,
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[7¥(1) — =3(0)] > O.

Since by Proposition 4.2 (i} (w) strictly increases fap, 3 uniquew = {w| 7y (w)-
79(0)] = 0} with w € [0, 1).

Hence, given maximizatiohminimization ofg(es, y; %) for givenw

M) = { a(% (W) + el - [r () — 7S(0)], fo<a, (©.19)
a - (w) + [y (w) — 73(0)], ifw>w.

Now, sincer) (w) + 7y (w) is maximized at = 1, a3 -7y (w) + a3 - [7y (w) —79(0)]

is also maximized ab = 1. This impliesw > w and therefore we leave the first
case of (C.19).

Moreover, we can show that > 1 in the optimum for the second case of (C.19),
thus we stay in the second case. Suppose not, #aén< 1 which maximizes
al - i (w) + [7§ (w) — 79(0)]. Now, we use that the first derivative @f - 7} (w) +
[7¥ (w) — 79(0)] W.r.t. w can be expressed as

Oni (w) GJTB (w)
ow ow

87rB (w)

0
ap [

1+(1-ap)-

Since the sum of profits is maximizedat= 1 we must have thatf) (w)/dw +
any (w)/dw] is positive for allw < 1. At the same timéry (w)/dw is positive for
all w by Proposition 4.2. Thus, far} < 1, II}!(«w) is strictly increasing imw for all
w < 1. This contradicte’ < 1 being optimal. This implies > 1 > w.

Henceag > 0,y = 0 is optimal in the monopoly and the relevant pfiyfanction
is the payd function of second case of (C.19)

MY (w) = @ - 73 (W) + [7g (@) — 75(0)]. (C.20)
Combining the oligopoly case and monopoly case yields theviong paydt function

H'i(w) = och) . ﬂﬁ(w) + [ﬂ'é(w) - ﬂg(O)], k=0, M. (C.21)

2. We now derive the optimal.! We therefore show that I, maximizes the paybfunc-
tion in (C.21) overw € [0,1/e%], thenw = 1/a9 is a unique global maximizer and

Due to free-riding of the remaining shareholderdiwe can restrict tay = aOA wlog.
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k=M.
To provide this result we use a revelation principle arguinfenl;’s paydt function in
the monopoly case and then receive global optimality by tireegpal of optimization.

First reconsider (4.8) in Section 4.3.2—the maximizatiosbfem ofl, in product mar-
ket stage fork = M and for givenw. The argmax of this problem is denoted by
(p¥(w), py (w)). (Cf. Proposition 4.2)

Next, turn back to case 3 in the acquisition stage:
Maximizing IT¥(w) in (C.21) overw in the monopoly case&k(= M) is equivalent to

1
max ITy(w) = 7h (w) + —Oﬂg" (w).? (C.22)
wel0,1/a8] ap

Moreover, (C.22) is equivalent to

g/l%;(ﬂA(pA, Ps) + Q—EFB(F)A, Pe)  S.t. (Pa. Ps) € {(PX (@), P (@) w € [0, 1/aQ]}.
(C.23)
The objective function of (C.23) is identical to the objgetfunction of (4.8) forw =
1/a%. Since we know thatg!(1/a2), p¥ (1/aR)) is a maximizer of (4.8) fow = 1/a5,
itis a maximizer of the unconstrained problem of (C.23) at.wpY (1/a2), p¥(1/a?))
is also a maximizer of the constrained problem of (C.23) beedt lies in the constraint
set{(p¥(w), Py (w))l w € [0, 1/ak]}. Therefore we get that = 1/a9 is a maximizer of
(C.22). Itis the uniqgue maximizer of (C.22) by Propositio 4ii).
Finally, since the unique maximizer in the monopoly cases 1/a%, can always be
achieved by the investor with an entire direct investmept= 1,y = 0, we know by
the principle of optimization thab = 1/af{ is the unique maximizer of (C.21). This
implies that the investor will choose control in the optim(k= M).

O

Proof of Proposition 4.6.The result follows directly from the assumption that the eighed

sum of profits is maximized ab = 1 (Assumption (v)). O

2The constant can be ignored.
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