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1 Introduction

Consumer information about price and match value of pradisca key determinant of
market outcomes. If consumers are loss—averse, informptior to the moment of pur-
chase matters: Product information plays an important ablhe stage at which loss—

averse consumers form expectations about future trangacti

In this paper, we investigate the competitivkeets ofcontextuatonsumer loss aversion—
i.e., of consumer loss aversion when prices within a prodatggory define the context
in which consumers make their consumption decision. Owrthapplies to inspection
goods, with the feature that consumers readily observepiit the market but have to
inspect products before knowing thetch value—i.e., the fit between product character-
istics and consumer tastesAs we argue below, this description applies to a number of

product categories and, thus, is important for understeyiarket interaction.

Our setup is motivated by empirical and experimental ewiden the marketing and eco-

nomics literatures: consumer choice behavior is influetgegkference prices according

to alarge body of evidence documented in the marketinglitee (se

2005) for an overview). In particulagontextualreference prices which are based on

current prices within a product category at the moment otlpaise fect consumer

choice—see Rajendran and Tellis (1994). According to tles/\consumers feel a loss

if they do not buy a cheap product within a product category.addition, loss aver-

sion in consumer choice has been widely documented in atyarfi¢aboratory and field

settings in the economics literature, starting with Kah nd Tversky (1979). Fur-

thermore, loss-averse consumers may base their refereinteop rational expectations,

as in Készegi and Rabin (2006, 2007), and with respect tweprand match value, as

formalized in_Heidhues and K6szeg@i (2008). Empirical ardegimental evidence on

multi-dimensional, expectation—based loss aversionasiged by Crawford and Meng

2011), Ericson and Fuster (forthcoming) and Karle, Kitelger, and PgiL' (20011).

Following the theory of Kdszegiand R i|n_(Z) 6, 2007), vestplate that, to make

1The terminology of inspection goods was introduce (19738). Inspection goods and
observable prices are considered in Anderson and Ren80®)2nd, more generally, in the clearing house
literature.

nha
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their consumption choices, loss—averse consumers folinpttodabilistic reference point
based on expected future transactions, which are confirmeduilibrium. Here, a con-
sumer’s reference point is her probabilistic belief abd televant consumption out-
come (price and product match) held between the time shdditases on the decision
determining the consumption plan—i.e., when she heardtaheyroducts in a partic-
ular context, was informed about the prices for the prodoatsiter, and formed her

expectations—and the moment she actually makes the peithas

We distinguish between “informed” and “uninformed” consms at the moment con-
sumers form their reference point. Informed consumers kilneiv taste ex ante and will
perfectly foresee their equilibrium utility from producdharacteristics. Therefore, they
will not face a loss or gain in product satisfaction beyorgitintrinsic valuation.

Ex—ante uninformed consumers, by contrast, are uncetbaiuat aheir ideal product char-
acteristic: They form expectations about th&etience between ideal and actual product
characteristic which will serve as a reference point wheauating a product along its
match—value dimension. They will also face a gain or a lolsdive to their expected dis-
tributions of price after learning the taste realizatiomc® all consumers become fully
informed before making their purchasing decision, we igollae €fect of consumer loss
aversion on consumption choices and abstract fromftleets of diferential information

at the moment of purchase. Our model can be interpretedhatteely as one in which
consumers know their ideal taste ex ante, but are exposedctrtainty about product

characteristics when they form their reference point.

Ex—ante uninformed consumers form expectatioefreknowing their match value at-

tributed to a particular product, bafter learning the prices of the products. This timing
with respect to information release and reference—pomt&tion appears to be the appro-
priate modeling choice when price information is more gaadcessible for consumers

than information about product characterich‘Ehis is true, in particular, if price infor-

2For evidence that expectation-based counterfactuals d¢kect athe individual's reaction to
outcomes, see_Blinder, Canetti, Lebow, and Rudd (1998), véedMadey, and Gilovich| (1995), and
Mellers, Schwartz, and Ritov (1999). Készegi and RabirD@2®007) have developed the general theory
of expectation—based reference points and the notion gbpaf equilibrium.

3In a dynamic extension in the spirit bof Készegi and Rabin0@®0we would need that consumers’
expectations about prices are updated before the consuexgectations about match values. See the
concluding section for more detail.
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mation is provided at the moment consumers become aware ekiktence of products,
but in which match value is flicult to evaluate without closer inspection. This is argyabl
the case with price advertising by intermediaries such éis@price comparison web-
sites, when consumers are agnostic about prices prior togstee posted prices. Even
if consumers did not observe product prices before enteéhaghop (or starting the in-
spection), in many cases consumers first access the informatthe price dimension of
each product of interest and then start learning about pineduct—specific match values
by comparing products with each other. In particular, comsis can easily interpret price
differences, but need time to digest and interprfedinces of product characteristics.
The inspection of product characteristics of both prodigcsssumed to happen simul-
taneously. This holds trivially if consumers obtain inf@tion only from a comparison

between the two produdts.

Consider an initially uninformed consumer who decides Whattwo or more diferen-
tiated products to buy. She knows the prices of the prodects, because prices are
advertised or easily available on a price search engindeauts the match value only af-
ter spending some time to figure out how useful the produetsoaner. Such uninformed
consumers are likely to be present in product markets inhwproducts are bought in-
frequently and possess characteristics whose valuesita&ed evaluate (e.g., electronic
devices, holiday trips, tools, or furniture). This also bggpto markets of products whose
match value is only revealed later in time (e.g., transpemtises or cultural events sold
only on the spot market for which some consumers do not llyitkmow their opportu-
nity costs for diferent time slots) or at the moment of inspection (e.g., meeifor which

inexperienced consumers cannot associate a brand withieutear smell).

Since consumers observe prices before forming their ne¢erpoint, firms can use price
as an expectation-management tool. In other words, pricetarcementsféect not only
consumer behavior given reference points, but, in additioey endogenously change
consumer preferences. If firms seffdrent prices, uninformed consumers will face either
a loss or a gain in the price dimension ex post, depending @thehthey buy the more-
or less-expensive product. Hence, an (ex ante) uninforroesiemer’s realized net utility

4In the same spirit, one stream of the literature on consumarch postulates that search is non-

sequential (or fixed-sample)—see, e.g. Burdett and JudgBj19
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depends not only on the price of the product she buys, bubasbe price of the product
she does not buy. By lowering its price, a firm increases tlobalility the consumer
expects to buy the product. Thus, the firm can manage the Ipilighia reference point
affecting the utility function at the moment of purchase. Thialagously holds also in the
match-value dimension, where a price reduction incredsegrobability that a consumer
will buy a product that does not provide such a good fit.

Analyzing the competitiveféects under consumer loss aversion, we find that consumer
loss aversion in the price dimension has a pro—competiffeetevhereas loss aversion in
the match value dimension has an anti-competitiieceé We relate the pro-competitive
effect to price comparisons by consumers. In our benchmark ini®gremetric duopoly
with the same degree of loss aversion in the price and maatie-dimension), we find
that the anti-competitivefiect dominates the pro—competitive one. This implies that a
larger fraction of ex—ante informed consumers makes catrgremore intense. In other
words, more widespread product information at the ex—atatgesis pro—competitive.
Thus, transparency policies for new products which in@dlas number of informed con-
sumers in the market have a pro—competitive and, henceugs@rssurplus—increasing
effect.

In the main part of the paper, we show that the relative wsighthe two dimensions of
loss aversion are altered (1) if firms are asymmetric witpeesto marginal costs or (2)
if the number of firms increases and analyze the competitieets of loss aversion in
these settings. In asymmetric duopoly, we find that the mhfference between the less
and the morefécient firm is exacerbated through the presence of uninfolossd-averse
consumers. Here, the morffieient (low—cost) firm has a strong incentive to attract those
consumers by increasing the price gap. In equilibrium, tlee-pompetitive &ect in the
price dimension dominates the anti—competitifiee in the match—value dimension if
the cost diference (which increases the equilibrium pricBaetence and thus the magni-
tude of loss aversion in the price dimension) iffisiently large. An interpretation of this
results is that under strong cost asymmetries with uninéarfoss—averse consumers, a
low—cost firm can be prominent by setting a low price. Foranse, consider a low—cost
private label competing with a high—cost national branddéirstrong cost asymmetries,

we also predict that, in addition to releasing price infotiora the private label may dis-
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close match—value relevant information and thus make eoassiinformed ex ante to

mitigate price competition—we elaborate on this point i@ thiscussion section.

In our second extension, we turn to symmetric oligopoly t@stigate comparative statics
in the number of firms. The comparative stati@®ets of varying the number of firms
are the same as those inldfrfirm oligopoly when varying the size of the consumers’ con-
sideration seh < N—i.e. the number of neighboring products that consumeraaeze

of. Forn > 2, there are multiple equilibria. Selecting the equililbnithat maximizes
firm profits we show that a larger consideration set (a largenber of firms) relaxes
competition. The explanation of this result is related toszomers’ initial probability of
buying the product of a single firm and, hence, the probahdltfacing the price of a
single firm. We receive that this probability is decreasimg.i Since loss aversion in the
price dimension is increasing in this probability, it folle that loss aversion in the price
dimension becomes less pronouncedhascreases which reduces the pro—competitive
effect of loss aversion (renders price comparisons l&geste/e asn increases). In this
light, product proliferation can be interpreted as a meamadke price comparisons less
successful and therefore less relevant. Moreover, whemigepret targeted advertising
to consist in decreasing the seize of consumers’ considaragét, we find that if firms
coordinate on the equilibrium that maximizes industry psofiney would be betterfb
from jointly agreeing not to use targeted advertising siacgeted advertising intensifies

competition.

In our modeling &ort, we follow!Heidhues and Készegi (2008), who also coaisih-

dogenous reference points in a market setting. Our modeatrisheed by considering
heterogeneous consumers whéeti according to their knowledge of their preferences
when they form their (probabilistic) reference point. O@mhework has two distinguish-
ing features: First, consumers and firms know the marketemwient; in particular, firms
know the actual (possibly asymmetric) cost realizatH)Second, consumers learn posted
pricesbeforethey form their reference points. Due to this timing, our poly model de-

livers uniqueequilibrium predictions.

SThis allows us to compare our results with those in the stahdatelling—Salop setting. By contrast,
in Heidhues and K&szegi (2008), costs may be private inéion.
6In|Heidhues and K6szeqi (2008), consumers form their esiee points before knowing posted prices.
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In a related paper, Zhou (2011) considers competitiieces of consumer loss aversion

when consumers do not base reference points on expecthtibna past observations of
firms’ prices and product matches. In his paper, the firmedsiirst (the prominent firm)
may attract an excessive market share with loss—aversemmens, while in our model,

the firm setting the lower price may do so. An advantage of etuysis that prominence

arises endogenously due to reference pricing, whereashan 22011), prominence is

exogenous.

Heidhues and Készedi (2010) aL1d SDiegher (2011b) invagtighonopoly models with

consumer loss aversion. In Heidhues and K&szegi (2018)tsng consumers are loss—

averse with respect to prices and reservation utility fraimcpase and the monopolist
initially commits to a price distribution depending on cosalizations. They show that

consumer loss aversion with expectation—based referevioésgprovides a rationale for

sticky regular prices and variable sales for frequentlychased goods. Spiegler (2011b)

reproduces their main result by using a simpler, sampliaged reference concept. Fur-
thermore, he finds that loss aversion lowers expected miyngpices and that sticky—
price equilibria are more likely to arise when uncertaintgnss from demand shocks

rather than from costs shocks.

Herweg, Mueller, and Weinschenk (2010) a
applied the expectation—based loss aversion concer

byl (forthcoming) have
in_ (2006, 2007)
to agency models. More broadly, our paper contributes tditbature on behavioral

industrial organization, as surveyed.in Elli ), and_Spiegler

2011a). An important issue in our paper, a 5), is the compar-

ative statics ffects in the composition of the population. In their mode$ tomposition
effect is behavioral in the sense that the share of consumensavgarticular behavioral
pattern changes. We do not resort to this interpretatiaghpagh our analysis is com-
patible with it: We allow the compositionflect to be informational in the sense that the
arrival of information in the consumer population is chash@&hile the whole popula-

tion is subject to the same behavioral pattern). The infoional interpretation lends

Hence, firms can deviate from consumers expectations abiwasp This creates a discontinuity in con-
sumers’ marginal gain—loss utility and yields to a kinkedhdad curve at the expected price. The kinked
demand curve leads to a non-response of prices for somentestdl (focal prices) and a multiplicity of
equilibria.
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itself naturally to addressing questions about tiieat of early information disclosure to
additional consumers.

Our paper also relates to the literature on the economicewariasing—for a survey on

the economics of advertising see Bagwell (2007). It beldogse strand that consider ad-

vertising as “hard” information; in this sense we considezatly informative advertising.

Our paper uncovers the role of content advertising as coesarpectation management,

which provides a complementary view|to Anderson and R ). Since, at the

point of purchase, consumers are fully informed there isate for content advertising

at the purchasing stage. Content advertising, howeverreraove the uncertainty con-
sumers face at the ex ante stage—i.e., when forming tha&rerete point—and can be
seen as a hybrid form of informative and persuasive aduagtidt changes preferences
at the point of purchase which corresponds to the persuagweof advertising albeit

due to information that is received ex ante which correspdadhe informative view of

advertising. It also points to the importance of the timirigadvertising: For expecta-
tion management via advertising, it is important to inforonsumers prior to forming

their reference point$.Our second extension also connects to the literature oetedg

advertising, as will be spelled out in Sect[dn 4.

Our paper can be seen as complementary to the work on cons@aeih in product

markets—see, e.Men (1980), Anderson and R lrm@dﬁiﬂanss_en_and_M_QLaga-_G_an

2004),/Armstrong and Chen (2009). Whereas that literdturases on thefeect of dif-
ferential information (and consumer search) at the puingastage, our paper abstracts

from this issue and focuses on theet of diferential information at the expectation-

formation stage which is relevant if consumers are losssave

The plan of the paper is as follows. In Sectldn 2, we presenttiseline model and
establish the benchmark result that a larger share of irddraonsumers leads to lower

alez

prices. We then allow for dlierent degrees of consumer loss aversion in the price and the

"Other marketing activities can also be understood as maiongumers informed at the stage when
they form their reference point. For instance, test drivascars or lending out furniture, stereo equip-
ment, and the like make consumers informed early on. Arguabkeality, uncertainty may not be fully
resolved even at the purchasing stage. However, to focusnds, we only consider the role of mar-
keting activities on expectation formation before purehas short, in our model firms may use market-
ing to manage expectations of loss—averse consumers atlgrseae. For a complementary view, see

BBar-Isaac, Caruana, and Cunat (2010).
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match value dimension. In Sectibh 3, we allow for cost asytnig®between firms in the
baseline model. In Sectian 4, we allow for any finite numbefirafs in the benchmark
model and link this to the size of the consideration sets afumers. Sectidd 5 provides
some further discussion and Sectldn 6 concludes. Some gifrtiads are relegated to
Appendix A. Tables of numerical illustration are containedppendix B. Appendix C
contains relegated material on equilibrium existence andueness. Appendix D con-
tains the derivation of demand in thefirm oligopoly. Appendix E contains an extension
in which consumers receive noisy signals about their maatdnevex ante, as discussed in
Sectior’b.

2 The Baseline Model

2.1 Setup

Consider a duopoly market in which firm= 1, 2 incurs a constant marginal cost of pro-
ductionc; = c. Firms are located on a circle of length 2 with maximum dis&ag, = 0,

y» = 1. Firms simultaneously announce priggego all consumers. We consider hori-

zontally diferentiated products aﬁ_SA p (1979). A continuum of bpssrse consumers
of mass 1 are uniformly distributed on the circle of length®2consumer’s locatiorx,
x € [0, 2), represents her taste parameter. Her taste is initialgbefore she forms her

reference point—known only to herself if she belongs to #teo$informed consumers.

In our model, consumers’ fierential information applies to the date at which consumers
determine their reference point and not to the date of pweha fraction (1- B) of
loss—averse consumers, 0B < 1, is initially uninformed about their taste. As will
be detailed below, they endogenously determine theireater point and then, before
making their purchasing decision, observe their tastenpater (which then becomes
private information of each consumer). At the moment of pase all consumers are
perfectly informed about product characteristics, prieegsl tastes. All consumers have
the same reservation valudor an ideal variety and have unit demand. Their utility from

not buying is—oco so that the market is fully covered.
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We could alternatively consider competition on the Hotgjlline. Our circle model is,
in terms of market outcomes, equivalent to the Hotelling et@a which consumers are
uniformly distributed on the [Q]-interval and firms are located at the extreme points
of the interval. However, the circle model allows for affirm extension and for an
alternative and equivalent interpretation about the typmformation some consumers
initially lack: At the point in time consumers form their esénce—point distribution, they
all know their taste parameters, but only a fraction-(8) does not know the location
of the firms—these uninformed consumers only know that the fimms are located at

maximal distance.

Various justifications for dferential information at the ex—ante stage can be given.r-or i
stance, consumers majfier by their experience concerning the relevant productifeat
Some may have previously bought the product, whereas o#lnersew on the market.
Alternatively, a share of consumers may know that they wallslhibject to a taste shock
between forming their reference point and making their pasing decision. These con-
sumers then do not condition their reference point on thamete-taste parameter, whereas

those belonging to the remaining share do.

To determine the market demand faced by the two firms, lettfoemed consumer type
in [0, 1], who is indiferent between buying good 1 and good 2, be denotex{|by ,).
Correspondingly, the infierent uninformed consumer is denoted ¥{p., p,). Since

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

a1(Pr. P2) = (P1 — C)[B - K(p1, P2) + (1 = B) - X(P1, P2)]
72(P1, P2) = (P2 = C)IB - (1= X(P1, P2)) + (L = B) - (1= X(pa, P2))]-

The timing of events is as follows.

Stage 1.)Price setting:Firms simultaneously set pricep;( p).
Stage 2.)Contextual reference point formatioAil consumers observe prices and

a) informed consumers observe their tas{éor them uncertainty is resolved),
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b) uninformed consumers form reference—point distrimgiover purchase price
and match value (as detailed in Subsection 2.2 below.)

Stage 3.)Inspection: Uninformed consumers observe their tagtei.e., uncertainty is re-
solved forall consumers.

Purchasing:Consumers decide which product to buy:

a) informed consumers make their purchase decisions;

b) (ex—ante) uninformed consumers make their purchasesidesi based on
their utility that includes realized gains and losses netato their reference—
point distribution.

We solve for subgame—perfect Nash equilibrium where firmmesiee that uninformed
consumers play a personal equilibrium (at stages 2b and Bé)sonal equilibrium in
our context means that consumers hold rational expectabont their final purchasing

decision and behave according to them in equilibrium—fergbneral formalization, see

KﬁiszegLam_Bainr (2006).

2.2 Consumer demand in the baseline model

2.2.1 Demand of informed consumers

Informed consumers ex ante observe prices and their tastenpter and, therefore, do
not face any uncertainty when forming their reference pokiénce, their behavior ex
post is only influenced by consumers’ expected behavior & @uy from firm 1 with
probability one and face matchand pricep; or buy from firm 2 with probability one

and face match £ x and pricep,). [K&szegi and Rabin (2006) show (in their Proposition

3) that, in such an environment, it is preferable for consenfi®m an ex—ante point of
view to hold initial plans which maximize their intrinsicilitty and to follow through
these plans in equilibrium (preferred personal equilitmid Therefore their behavior is

8The intuition behind this result is the following: In envinments without uncertainty, there exists a
continuum of initial plans (around the cuitcX) which consumers will follow through ex post (personal
equilibria). Since none of these plans will induce a net lspost, it is optimal for consumers to initially
choose the plan which maximizes their intrinsic utility.
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the same as in the standard Hotelling-Salop model. Forgpcand p,, an informed
consumer located atobtains the indirect utility;(x, p;) = v —tly; — X — p; from buying
producti, wheret scales the disutility from distance between ideal and dd¢tste on
the circle. The expression— tly; — x| then captures theatch valueof producti for a
consumer of typex. Denote the indferent (informed) consumer between buying from
firm 1 and 2 on the first half of the circle by<'[0, 1]. The informed (interior) indferent

consumer is

(t+p2—p1)

> 1)

X(P1, P2) =

Symmetrically, a second infierent (informed) consumer type is located at&p;, p,) €
[1, 2]. Using symmetry and the uniform distributionxgfwe receive that firm 1's demand

of informed consumers is equal x0p1, p2)-

2.2.2 Demand of uninformed consumers

Uninformed consumers do not know their ideal tasex ante and, thus, are ex ante un-
certain as to which product they will buy after learning theeal tastex: They, therefore,
face ex ante uncertainty in the price and match—value diroemasd form reference—point

distributions in these two dimensions.

Three properties of consumer behavior are worthwhile pagnbut. First, consumers
have gains or losses not about net utilities but about eawdtupt “characteristic”, where

price is then treated as a product characteristic. Thidiserwith much of the experimen-

tal evidence on the endowmefifect—for a discussion, see, for instance, Készegi and Rabin

200 )H Second, consumers evaluate a given product by compariaghetr reference

point. Due to rational expectations this reference poing depend on the rival’'s product
characteristics. Third, we assume here that the gain—kssmeters are the same across

dimensions.

9Gains and losses also matter in the price dimension becauss,though prices are deterministic,
they can be dferent across firms. Hence, a consumer who initially does nowkher taste parameter is
uncertain at this point in time about the price at which shetwiy.
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The uninformed consumer will buy from firm 2 if she is locatddse enough to firm
2—i.e., if x € [X(pw, P2), 2 — X(p1, P2)], WhereX(ps, p2) is the location of the indierent
(uninformed) consumer we want to characterize. Hence, tivdarmed consumer at
will pay p, in equilibrium withProb[p = p,] = Prob[X(p1, p2) < X < 2—X(p1, p2)] and p;
with the complementary probability. Singas uniformly distributed on [02], we obtain
that from an ex ante perspectipeis the relevant price with probabilifrob[p = p] = .
Correspondingly, the purchase at prizeoccurs with probabilityProb[p = p] = 1 - X.
This defines the reference—point distribution with respedhe purchase pricp. The
reference—point distribution with respect to the matclueakfers to the reservation value
v minus the distance between ideal and actual product vagety0, 1], times the taste
parametet. The density of the probability distribution of the distans denoted byg(s) =
Prob(x-y,| = s), where the location of the firm i, € {0, 1}, and the consumet’s pur-
chase strategy in personal equilibrium for given prices &sarg maXe1 2 Uj(X, p;, p_,-)

The corresponding cumulative distribution function is alierl byG(s).

Consider the cas& > 1/2—i.e., p, < p, SO that firm 1 has a weakly larger market
share than firm 2 also for uninformed consumers. Singe, at p, some uninformed
consumers will not buy from their nearest firg{s) is a step function with support [8].

The discontinuity ofy on (Q X) is determined by the maximum distance that consumers
are willing to accept buying the more expensive product 2,1 — X, ass < 1 — X holds

for consumers close to either 1 or 2, while> 1 — X only holds for the more distant

consumers of 1. Hence, the density function takes the form

2 ifsef0,1-X
g(s) =41 ifse(@-%%
0 otherwise

Analogously, for the cask < 1/2.

After uncertainty is resolved, consumers experience a-ffaés utility: The reference—

104 is a function of prices and consumer’s locatiooonditional on consumer’s expectation about equi-
librium outcomes which are incorporated in their two-dirsienal reference—point distribution: states a
consumer’s personal equilibrium. This equilibrium cortosps introduced by Készegi and Rahin (2006)
and requires that behavior-generating expectations neus¢l-fulfilling in equilibrium.
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point distribution is split up for each dimension at the abf realization in a loss part
with weight 4 > 1 and a gain part with weight 1. In the loss part the realizddevés

compared to the lower tail of the reference—point distidoutin the gain part it is com-

pared to the upper tail of the reference—point distributieollowing K6szegi and Rabin

2006), we assume in this section a universal gain-lossituméor all dimensions. For

p1 < P, the indirect utility of an uninformed consumek (1 — X, 1] purchasing product
1 is then given

Ui(X, p1, p2)  =(v—tx—p1) — A - Prob[p = p1](p1 — p1) + Probfp = p2](p2 - p1)
X 1
—/l-tfo (x— s)dG(s)+tfX (s—x)dG(s). (2)

The first term on the right-hand side reflects the consumetgsic utility from prod-
uct 1. The remaining terms capture the two hedonic dimessiorwhich consumers
experience gains and losses. The second term capturessthim Ithe price (or money)
dimension from not facing a lower price than. This term is equal to zero becaugge
is the lowest price fiered in the market place. The third term is the gain from nanfta
a higher price tham,, which is positive. Note that this gain is weighted by thelaro
bility of the complementary event (buying from firm 2). Irtiuely, the realized gain in
the price dimension is the larger the higher was the proityabil facing the higher price
p, at the initial stage. The last two terms correspond to the (gain) from not facing a
smaller (larger) distance in the taste or match-value dswenthanx. Analogously, an
uninformed consumer’s indirect utility from a purchase ofguct 2 atp, > p; is given

by

Up(X, P1, P2) =V—=1t(1=X) = p2—A-Probp = py](p2 — p1)

Intrinsic utility Loss from facing a highep thanp;

1-x 1
“A-t f (1-X) —9dG(s) + t f (s— (1 - X))dG(s)
0 1-x
Loss due to expecting smaller distance thax 1 Gain due to expecting larger distance tharx1

3)

The indiferent uninformed consumer will be locatedxat % Therefore, (1- X, 1] is the relevant
interval for determining for Ap = p, — p1 > 0.
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This allows us to solve a consumer’s personal equilibriundetermining the location
of the indiferent uninformed consumét which is implicitly given byu,(X, p1, p2) =
U(X, p1, p2). Let us focus on the first half of the circle and let firm 1 be theaper

firm—i.e.,x € [0, 1] andp, > ps.

Lemma 1. Suppose thakp = p,— p; > 0, x€ [0, 1], andA € (1, 1] with 2° = 3+2+V5 ~
7.47. ThenX is given by

HAp) { A=)~ 8p/(4) - S(@p). 1 4p € [0. AP o
L if Ap> Ap.

whereAp = (1 + 3)t/(2(1+ 1)) < tand

A2 (1+2) (A1 + 1)
S(Ap) = \/16t2 " a0 P ag oy ®)

We relegate the proof of this lemma to Appendix A. kar [0, 1] andAp > 0, the unique

pure—strategy personal equilibrium of consumes described by

D) - 1 ifxe[(?, XAp)]
2 if xe (Xap), 1].

By symmetry and the uniform distribution afon the circle, firm 1's demand of unin-
formed consumers is equal ﬁ()Ap) Note thatX(0) = 1/2. If Ap < 0, the location of
the indiferent uninformed consumer is given by-&(—Ap) by symmetry.

12The square rods(Ap) is defined forAp € [0, Ap] with

_ 2t
A=

(2(4 +2) - RO+ 2P —(1+ 1)2). 6)

Ap > Ap for A € (1, 2°]. However, ford > A° a critical price diference such that/(1 — 1) — Ap/(4t) —
S(Ap) = 1 does not exist and we obtain a discontinuous jump up to on@.aFor the sake of brevity we
restrict attention to the case ofe (1, 19 in the following.
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2.2.3 Comparison between the demand of uninformed and infened consumers

How do X(Ap) and X{(Ap) compare with one another? We can show that,for> 1,
the indirect utility function of uninformed consumerdtdrs from the one of informed

consumers only by a constant and we obfgitp) = X(Ap) as a solution in this case.

Let us compare the sensitivity of uninformed consumers’aletinwith respect to price to

the one of informed consumers. To do so, we define the crjpited diference

t(z VZ2-(20+2)-3 - JRA+ 2P - (1 + 1)2)
V2(1 - 1) '

Ap =

We obtain the following result:

Lemma 2. The demand of uninformed (or loss—averse) consumers iplEgssensitive
than the demand of informed consumers if the prigietince is sgiciently small Ap €
[0,Ap). The demand of uninformed (or loss—averse) consumers is pra@e sensitive

than the demand of informed consumers if the prigiedince is largeAp € (AP, Ap].

The proof of the Lemmal2 is relegated to Appendix A. Demandufonformed vs.
informed consumers is illustrated in Figm‘@ﬂn Sectiori B, we will see that this property
is a driving force for our comparative static results in asyetric markets. We note that,
at a small price dference, the indiierent uninformed loss—averse consumer is harder to
attract than an informed consumer by a price decrease by flsetduse the consumer’s
net gain in the price dimension from buying at a lower priceusweighed by her net
loss in the taste dimension if buying the more distant producrhus, demand of loss—
averse consumers reacts less sensitive to price in thig rarge net gain and net loss in
the two dimensions are equal td £ 1)ApX(Ap) (see the dference between the second
term in [20) and{21)) and(1 — 1)t(1/2 — 2(1— X(Ap))?), respectively (see theftierence
between the third term in_(20) and_{21)). Here the net gairhengrice dimension is

increasing and the net loss in the taste dimension is desgeasAp. Moreover, both

13We restrict attention to price dlerences such that the irfidirent consumers are strictly interior. For
larger price diferenced\p € [A, ], X(Ap) = 1, while X(Ap) < 1. Then more care is needed, as is applied
in SectiorB.
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%(Ap) : dashed X(Ap) : solid
1.0+
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Location of the indiferent informed and uninformed consumerdemand of firm 1)
as a function ofAp for parameter values df= 1 andaA = 3; thus,Ap = 3/4 and
Ap =0.2789.

Figure 1: Demand of informed and uninformed consumers

functions are convex ihp. For larger price dferencesf((Ap) € [1/2,1] is larger and

a marginal increase inp increases the net gain in the price dimension more than for
small price diterences, while the net loss in the taste dimension decréaseshan at
lower price diferences since + X(Ap) is closer to zero than to/2. The intuition for
this finding is that, for larger price fierences, the consumer is less likely to buy from
the more expensive firm 2 and, thus, the avoided loss in tloe pimension if not doing

S0 ex post becomes larger. Thiseet dominates the reduced gain in the price dimension
of buying from the cheaper firm 1 ex post which is caused by tgedn probability of
buying from firm 1. In addition, assigning a higher probapitf buying from the more
distant firm 1 leads to an expected tastffetence which reduces the consumer’s loss
in the taste dimension if doing so ex post. Thus, thefiedent uninformed consumer
as a function of the price flerence is convex. For fiiciently large asymmetries, the
indifferent informed consumer is closer to the center than herfaried counterpart.
Thus, the low-price firm is better able to serve uninformexhtimnformed consumers and

it becomes “prominent” among uninformed consumers.
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2.3 Equilibrium and comparative statics

Our framework allows us to explicitly solve for equilibriummarkup in symmetric duopoly,

in contrast to Heidhues and K&szegi (2008). The followemma characterizes the sym-

metric equilibrium.

Lemma 3. Any equilibrium is unique and symmetric. Equilibrium psae given by

pi*:C-l'm,i:l,z. (7)

2 (1+1)

Proof. Rearranging the first-order conditions of profit maximiaatand using thag; (0; 3) =
1/2 for all 8, we obtain

1

2
q(0;8)’

>k

b —-Cc=

i=12 (8)

where

GO = 7 (1-3) D (o “+2) )

250y " 2t(1-1)

(1—,6’)( (1+2) )

1
=--(1-38) +
4 25085 \2t(A - 1)

1
_ m(zm +1)-(1-B)A- 1)).

Substituting into equatio](8) yields the unique symmeggailibrium price in[[¥). O
As shown in Appendik Cl1, for af a symmetric equilibrium exists if and only if
1<1<A°=1+2V2~3828 (9)

In the existence proof, we have to deal with the fact that pfafictions are not globally

guasi-concave, since the low—price firm’s profit becomeee@singly convex due to the
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increasing convexity of its demand with loss-averse coresamThis violation of quasi-
concavity reflects that the low—price firm may have an ineertt non-locally undercut to
gain the entire demand of loss-averse consumers when tia situation has the property
thatApis large. To deal with the non—quasi—concavity of the praiitction of the low—
price firm, we determine critical levels for the degree oklasersion such that no firm
has an incentive to non-locally undercut. There we use ligatdnvexity of the low—price
firm’s profit function is increasing ithp which yields that stealing the entire demand of

loss-averse consumers is the only potentially optimalaten of the low—price firm.

We define the equilibrium markup a$ = p*—c. Using Lemmal, we obtain comparative
static results. In particular, as the share of informed ooress increases, each firm’s

markup decreases. This result follows directly frofietientiating[(I7) with respect i@

Proposition 1. For 1 € (1,1 + 2V?2], equilibrium markup is decreasing in the share of

informed consumers.

In other words, uninformed loss-averse consumers exeryative external #ect on in-

formed consumers. This contrasts the findings of a posixiereal éfect in Gabaix and Laibs

2006) who consider a market in which only a fraction of cansts are knowledgeable

about their future demand of an “add-on service”, while ottensumers are “naively”

unaware of this.

For illustration, Tablé11l reports equilibrium markups fofterent values of the share of
informed consumerg and of the degree of loss aversidnAt the upper bound at, 1 =
A, the equilibrium markup reaches its maximum level gf14 when all consumers are

loss averse. This level lies 4126 above the level with informed (or standard) consumers.

2.4 A More Flexible Symmetric Duopoly Model

So far we imposed symmetry across the price and match vatoengdion. In particular,
we postulated that the degrees of loss aversion are the sathe two dimensions. In
this subsection, we allow for fierent degrees of loss aversidp, 4, > 1 in the two

dimensions and verify that loss aversion in each of the twoedisions has a fllerent
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Table 1: Symmetric Equilibrium: Markups

|41 2 3 3.8284 5 7

1 1 1 1 1 1 1

0.8 1 1.03448 1.05263 1.06222 1.07143 1.08108
0.6 1 1.07143 1.11111 1.1327 1.15385 1.17647
0.4 1 1.11111 1.1v647 1.2132 1.25 1.29032
0.2 1 1.15385 1.25 1.30602 1.36364 -

0 1 1.2 1.33333 1.41421 - -

impact on competition: in line with the insights of LemfMa 2 find that, in equilibrium,
loss aversion in the price dimension is pro—competitivere@g loss aversion in the taste
dimension is anti—-competitive. For the sake of brevity, wdyaonsiderg € {0, 1}.
Extending the expression inl(2), the indirect utility of Iouy product 1 is written as

Ur(X, P1, P2; Aps Am) — =(V = tX = py)
+( = 45 Probip = pl(py — p1) + Problp = pyl(p, - )

n ( A tfox(x— 9)dG(s) +th1(S— X)dG(S))-

We find that firmi’s demand in duopoly is given by

Am (1p—-1)
(m—1)  4(m— 1)t

%(Ap) = Ap - S(Ap), (10)

where

S(Ap) = \/(/lp = 12AP% = 8(Am(Am + 1) — 2tAp + 4(A, + 1)2t? an

16(1m — 1)212

for Ap,Am > 1 andAp > 0 (and the latter not too large). In Figuré 2, we illustrate
the demand of loss-averse consumers (witfedent degrees of loss aversion in the two
dimensions).

If loss aversion in the price dimension becomes relativedyenpronounced (dashed line

in Figure[2), then the price sensitivity of demand increaséstive to the standard case
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Duopoly demand of standard and loss-averse consumers asteofuof Ap for pa-
rameter values of = 1: % (Ap) = Xi(Apldp = 1,Am — 1) : dotted X (Apldp =
1, Am = 3) : solid, andX;(Apldp = 3, Am — 1) : dashed

Figure 2: Demand with dierent degrees of loss aversion in the two dimensions

(dotted line). The opposite holds true if loss aversion ia tiliste dimension becomes

relatively more pronounced (solid line).

Equilibrium prices are derived analogously to Lenimha 3. #er0, we obtain

>k

o :C+2(/lm+l)t .

b} _1323 12
Ap+3 (12)

provided a pure-strategy equilibrium exists. In Appendi® @e provide conditions for
equilibrium existence for this case. Holding fixed, we observe that increasing the
degree of loss aversion in the match—value dimension isegetne equilibrium markup
and, thus, relaxes competition. By contrast, holdipdixed, we observe that increasing
the degree of loss aversion in the price dimension decrélsejuilibrium markup and,
thus, intensifies competition.

Comparing markups in{7) (fgg = 1) and [(12), it follows that making loss-averse con-

sumers informed is competitively neutral if

As Figure[3 illustrates, informing consumers is always paowapetitive in the baseline

model wherel, = 1, However, if the degree of loss aversion istsuently strong in
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Figure 3: Pro- and anti—competitivéfects of loss aversion

the price dimension relative to the match value dimensienaterall implication is the
reverse—i.e., competition is more intense when all conssrage ex—ante uninformed

and loss-averse. We summarize our finding as follows:

Proposition 2. Suppose that all consumers experience losses in the pricengion dif-
ferently to those in the match—value dimensign# A, and Ay, A > 1. If A5 > 24, - 1,
the equilibrium price increases in the share of ex—antermfad consumers € [0, 1]. If

the reverse inequality holds strictly, the equilibriumg&idecreases.

Proof. In the main text we showed this result for the discrete chdroge 3 = 0 tos = 1.

It remains to be shown that our findings in the text extend éactise withg € (0, 1)]. The
equilibrium markup in duopoly is one half divided by the fidgrivative of the demand
function atAp = 0; compare[(8). Note that the demand function is strictlyeasing in
Ap. If the first derivative of the demand with uninformed congugnand flexible weights
is weakly higher (resp. weakly lower) than the demand witbrimed consumers, then
the first derivative of any convex combination of the two dadhéunctions is as well.

Thus, the result for any local increasefodvith 8 € [0, 1). O
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3 Cost Asymmetries

In this section, we consider asymmetric markets and prostaieparative statics results
with respect tg@, the share of initially informed consumers. In other womds jinvestigate
the dfects of ex ante match information on market outcomes in niswkigh asymmetric

marginal costg; < c,.

We obtain the market demand of firm 1 as the weighted sum ofeéheadd by informed

and uninformed consumers,

(AP B) = B+ R(AP) + (1 - ) - K(Ap)
= ¢(Ap; B)

The demand of firm 1 is a function of the pricefdrenceAp, which is kinked atAp =
(A+3)t/(2(2+1)) withAp < tfor A > 1. Furthermore, it approaches oneAgsapproaches
t Firm 2’'s demand is determined analogouslyd{Ap; B) = 1 — qi(Ap; B). We focus
on interior equilibria in which both products are purchabga strictly positive share of
uninformed consumers—i.eAp is less tham\p. This holds in industries in which firms

are not too asymmetric.

The derivative of firm 1's demand with respectgexpresses how demand changes as
the share of ex—ante informed consumers is increased. Heisliference between the

demand of informed and uninformed consumers:

Op(Ap; B)
B

~ 2 3 A+1
= ¢p = X(Ap) — X(Ap) = —Ap

&P o op) TSAP 0

with ¢; = 0 atAp = 0 andAp = t/2. This derivative can be of positive or negative sign.
As the following lemma implies, demand is decreasing in owogoand increasing in the
competitor’s price.

YAt Ap = t, firm 1 serves also all distant informed consumers which ardér to attract than distant
uninformed consumers because the former do not perceiveawlelming loss in the price dimension if
buying from the more expensive firm 2. Ap = t, the demand of firm 1 has another kink. We ignore the
regionAp > t since we are interested in cases in which both firms facdlgtpositive demand.
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Lemma 4. For 8 < 1, the demand of firm, q.(Ap;B8) = #(Ap; B), is strictly increasing
and convex im\p for0 < Ap < Ap.

The proof follows directly from the properties &fandxin Sectiof2. In the remainder,
we often refer top as a short-hand notation fgi(Ap;8). The derivativedg/d(Ap) is
denoted byy’.

At the first stage, firms foresee consumers’ purchase desisiod set prices simultane-

ously to maximize profits. This yields first-order conditson

O _ 0 ip—c)S =0 -
gp - AT (-G =0 i=AB

If the solution has the feature that demand of each group w$wwners, informed and

uninformed, is strictly positive, first-order conditionscbe written as

o

6_7[;1 = ¢p—(pr—Cr)¢p' =0 (FOG)

o

6—”2 - (1-¢) - (p2— )¢’ = 0. (FOC,)
87)

We refer to a solution characterized by these first-ordeditimms as an interior solution.

Since the profit function of the low-cost firm is not quasi-cave, we cannot use standard
results to establish equilibrium exister@ewe rule out non-interior solutions and show
equilibrium existence in Appendix_G.3. In asymmetric maskexistence requires an
adjustment of the upper bound of the degree of loss aversioost diferences.

We now turn to the characterization of interior equilibn, (p5).

Lemma 5. In an interior asymmetric equilibrium with equilibrium pes(p;, p), the

BAnderson and Renault (2009) face an, at first glance, sirfikad point problem. They consider a
general diferentiated product Bertrand duopoly with covered marketshich asymmetries arise due to
quality differences between firms. The authors show uniqueness andnedsif a pure—strategy price
equilibrium under the assumption of strict log-concavitfions’ demand. Although strict log-concavity
allows for some convexity of demand, in our setup this progpismot met since for large pricefterences
and a high degree of loss aversion the convexity of the laeegirm’s demand rises above any bound—i.e.,
¢”(Ap) — o for Ap — Apanda — A
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price differenceAp* = p; — p; satisfies

Ap® = Ac+ f(Ap'B), (14)
whereAc = ¢, — ¢, and f(Ap; B) = (1 - 2¢)/¢’.

Proof. Combining £OC,) and FOGC,) yields the required equilibrium condition as a

function of price diferences. |

Thus, [14) implicitly defines the equilibrium priceffirenceAp* as a function of the
parameterdc, 8, A, andt, where the latter two parameter$ext the functional form of
via ¢.

For anyAc > 0, it is not possible to obtain explicit analytical solutsto equilibrium
prices—see Appendix]B for numerical solutions at particparameter values. Never-

theless, we obtain the following analytical comparatiaiss results.

Proposition 3. Suppose that firm 1 is the morgieent firm, g < c.

a) The equilibrium price dferenceAp*(B) is decreasing in the share of informed con-

sumerss.

b) The equilibrium price of the low-cost firni () is monotone or inversely U-shaped in
the share of informed consumetslin particular, g;(8) may be globally increasing

inB.

c) The equilibrium price of the high-cost firnj(g) is monotone or inversely U-shaped in

the share of informed consumgksin particular, p*(8) may be globally increasing
inpg.

The proof is relegated to the Appendix A. In the following, discuss the implications
of this proposition. Price tends to be decreasing far a small cost dterence (since the
markup is higher with uninformed, loss—averse consumdtssicase) and increasing for
a large cost dference (since the markup is lower with uninformed, lossrs/eonsumers

in this case). In addition, a larger share of uninformedstaserse consumers leads to
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a larger price dferenc@ We observe that, in strongly asymmetric markets, lack of ex—
ante information amplifies the asymmetry in market shareme® between firms. In
other words, relative price and market share of the “promtih&rm is larger than in
a setting in which consumers are fully informed ex ante. Timiglies that, with loss—
averse consumers, setting a low price (and making consuamease of this) provides
a means for a low—cost firm to become prominent in a market—peoenthe literature

on prominence in search markets, in particular, Armstrdfickers, and Zhgul (2009).

Possible examples are the presence of private labels inothee dr non—food grocery

industry in the U.S.[(Steiner 2004, p. 115) or of low—cosidw®y trip providers such as

Neckermann in Europe.

Firms have to trade-bthe business—stealingtfect with the &ect on the profit margin.
This trade-@ is afected by the share of informed consumers which, in many neréan
be considered to be increasing over time. We find that the pfiche high—margin (i.e.,
low—cost) firm is monotone (i.e., globally increasing ormasing) or inverse U-shaped in
B, depending on the parameter constella.@)'m strongly asymmetric markets (when the
effect of loss aversion is pro—competitive) the price of thedowst firm may be increasing
over time if more consumers become informed as the markeirsmtIn these markets,
we predict that a low—cost firm prefers to use low introdugiatices. This describes a
novel rationale for low introductory prices in the absentquality differences. This is

distinct from the classical result in Nelsaon (1970) whens latroductory prices signal

high product quality and other explanations on dynamic sores behavior. By contrast,
the price of the low—cost firm decreases over time in modigrateymmetric markets

16This is in contrast to one of the main findings in Heidhues afgdz€gil(2008) who show that, in their
setting, consumer loss aversion is a rationale for focaksti In Heidhues and Készegi (2008) consumers
do not observe prices before forming their two-dimensiaatdrence—point distribution. Firms therefore
can deviate from consumers expectations about prices ciéages a discontinuity in consumers’ marginal
gain—loss utility and yields to a kinked demand curve at stpeeted price. The kinked demand curve leads
to price rigidities for some cost interval and a multipcdf equilibria. This discontinuity does not arise
in our duopoly model since prices are observed ex ante anslioogrs hold correct expectations algb o
equilibrium. In absence of consumer loss aversion, firmslavoandition prices on their marginal costs.
Using our terminology, Heidhues and Készegi compare angettith mass 1 of uninformed consumers—
i.e., B = 0, to a setting with mass 0 of uninformed consumers, whichesponds to a world without
consumer loss aversion. The message by Heidhues and K.{@@e8) is that consumer loss aversion tends
to lead to (more) equal prices; our finding, by contrast, $hssconsumer loss aversion leads to a larger
price diference in a market with asymmetric firms.

For instance, Krishnan, Bass, and Jain (1999) report theé¢ f color TVs and clothes dryers are
either monotonically declining or show an increase—desgrgaicing pattern.
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Equilibrium markups of firm 1 and 2 for markets in which eitladirconsumers are
uninformed B = 0) or informed Ebenchmark cased = 1) as a function of cost
differences\c for parameter values d¢f= 1 anda = 2.5: Ac™(3 = 0) = 1.27681.

Figure 4: Equilibrium markup of both firms

(when the €&ect of loss aversion is anti-competitive). Here, low introidry prices are

not chosen by the low-cost firm.

The findings for the extreme cas@s= 0 andg = 1 can be inferred from Figuid 4—
compare firm 1's markups at low, intermediate, and high ca$¢mnces. The critical
price diterence (that implies the critical costfidirence) at which price locally does not
respond t@ (c.p. Ap—i.e., the partial fect) can be solved for analytically. The critical
Apis a function ofd andt and is independent ¢k

t

m(ﬁ —(26-152)1) + V3-| - 1+ 5121 + 2)2 - (1 — 1)2)

Aplap _o(4,1) =
B

For example, for parameteis= 3 andt = 1 the critical price dierence, at which the

price of the low-cost firm reaches its maximum, satishg@$r, _,(3,1) = 0.2534. Itis
B

also insightful to evaluate the derivative in the limit@aturns to 1. In this case, we can

also solve analytically for a criticalp at which the total derivative op, is zero—i.e.,
dpi(ApB)B) _ A.
lT =0:

(30311 + 42) - 41)— V2117 - 11V +3)(B1+5)

20-3)91-1) atp=1

Aplop _o(4,1) =
B

In the exampIeAp|%:0(3, 1) =7/26 = 0.2692 atB = 1. This means that, given parame-
tersA = 3 andt = 1, if the equilibrium price diference satisfiesp*(1) < 0.2692 a small
decrease in the share of informed consumers leads to a tpgherof the more #icient
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firm, dp;/dg < 0. By contrast, foAp*(1) > 0.2692, the reverse inequality holds—i.e.,
dp;/ds > 0.

For the high-cost firm, our result is qualitatively simild@ihe price tends to be decreasing

in B8 for small cost diferences and increasing for large costatence

We briefly discuss the firms’ incentives to disclose inforioati.e., we investigate the
effect of B8 on profits. Here, private information disclosure can be seeithe firms’
management of consumer expectations (i.e., referencéspoiNote that in our simple
setting information disclosure by one firm fully reveals th&rmation of both firms
since consumers make the correct inferences from obsetivenmatch value for one of
the two products. We confine attention to a numerical examplee critical value of
Ap such thatdr;/dB = 0 atB = 1 andd = 3 andt = 1, ¢, = 0.25, andc, = 1 is
Ap = 0.2581. The critical value ofp such thatr,/dB = 0 at the same parameter values
as above if\p = 0.2870. The critical value &8 = 1 is Ap*(1) = 0.25 (see Tablel3 in
AppendiXB). Hence, the critical values ap atB < 1 are larger than\p*(1). Moreover,

Aplda%zo > Apld[%zo.

Our numerical example shows that there are cases wheragnagethe initial share of
ex—ante informed consumers, first none, then one and tharobtte firms gain from in-
formation disclosure. Since disclosing information abmatch value to a positive num-
ber of consumers is profitable, such a strategy will be chbgerofit—maximizing firms
(if disclosure is not too costly). This also implies thatr sufficiently large cost asym-

metries, a “prominent” firm might disclose product matctomfation to consumers at an

18with respect to firm 1, we also solve for critical values at evhihe marginal ect of firm 2’s price
changes sign:

t
20+ 1)+ 7)

APl (10 = ((-23+ (1= 10)0) + |5 A2+ 2)2 - (- 1)2)

For instanceApla, _,(3,1) = 0.3201. AtB = 1 we can solve analytically for a criticalp at which the total
B =
derivative ofp; is zero—i.e., 4 p;(Ap*(B); 8))/dB = O:

t(3(1(171+ 6) - 55)— V15|11 7| V(T + 3)(31+ D))
42(31 - 11)

Aplar _o(4,1) =
op

We haveApla,_,(3,1) = 1/2- (5V35- 29) = 0.2902 atg = 1. Thus, forAp*(1) < 0.2902, we obtain
B~

dp/dB8 < 0 atB = 1 — ¢, while, for Ap*(1) > 0.2902, we obtairdp,/d8 > 0 atg = 1. Thus, the overall
effect of a marginal increase fhcan indeed become positive if cost asymmetries afficgntly large.
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early stage. In this case, the “prominent” firm prefers taegip a higher market share
with uninformed consumers in favor of higher markups witformed consumers. This
result shows that if competition becomes too intense it @oine profitable for private
labels (low—cost firms) to disclose product information.r@uding provides a rationale
for truthfully advertising product characteristics at amlg stage, although all consumers
would learn them prior to purchase even in the absence oftsing. Without consumer
loss aversion it would be irrelevant for market demand antkatautcomes whether or

not a firm advertises product characteristics ex ante.

While the focus of our analysis has been on tliect of a change of the share of ex—ante
informed consumers, we may also want to compare marketsdifférent asymmetries
between firms. For this purpose, we state a comparativestasult with respect to the

degree of cost asymmetry—i.e., the levelaf= ¢, — ¢;.

Proposition 4. The equilibrium price dferenceAp*(Ac,8) is an increasing function of
the cost asymmetry between firms, It reacts more sensitive tc than in a market in
which all consumers are informed ex anté\g@*)/d(Ac) > 1/3for 8 > 0.

The proof is relegated to AppendiX A.2. Propositidn 4 saps the more pronounced the
cost asymmetry the larger the pricdéfdrence between high-cost and low-cost firm. The
marginal éfect of an increase in costftkrences on price variation is stronger if some loss-
averse consumers are uninformed. We thus predict exaedrpacte variation in markets
with uninformed loss—averse consumers in response to arlagymmetry. Intuitively,
the more @icient firm (firm 1) is tempted to use consumer expectation mamant to
increase its market share or prominence: announcing aeergrice ex ante makes loss—
averse consumers more reluctant than standard consumuaug foom the less ficient

firm (firm 2) later on.

Finally, we would like to comment on the equilibrium markilee low-cost firmm; (Ac) =
P;(Ac, c;) — ¢ While in the standard Hotelling world with only informed rsumers
(8 = 1) the markup of the morefigcient firm is increasing in the costftkrence, a local
increase of the cost filerence may have the reverdéeet under consumer loss aversion
(B < 1,2 > 1). This holds true in strongly asymmetric markets: The gsensitivity

of demand is larger than in the standard Hotelling world duéghe dominating loss in
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the price dimension. We note that, under very large cds¢minces, firm 1's markup
might fall below its level in the standard Hotelling world; laas been illustrated in Figure
4—see, also, Tablé$ 3 and 4 in Apperidix B.

4 Consideration Sets

In this section, we introduce consideration sets and foecusamparative statics with
respect to the size of this set. To thifeet we analyze a symmetric oligopoly. For
expositional reasons, we only consider the situations irchivhone or all consumers
are ex—ante informed, i. &3 € {0,1}. We consider comparative statics in the number
of firms in ann-firm oligopoly and argue that this is equivalent to varyihg size of
the consideration set for a given number of firbhs> n in the industry. Suppose that

the length of the circle i€ = n (while the consumer mass is equal to 1); this implies

that the equilibrium markup in the model with standard comers (as in Salop (1979)) is

independent of the number of firms, as additional firms do fietathe degree of product
differentiation between any direct neighbors. Hence, we agctalidolate the role played
by consumer loss aversion as any change in the equilibriurkupas due to the presence

of consumer loss aversion. Furthermore, we observe thdgruhe alternative timing

proposed by Heidhues and K&szegi (2008) that consumars riefierence points before

observing prices, the set of symmetric equilibrium priceimdependent of the number of
firms. The reason is that consumers expect a particulaereferpoint distribution which
is independent of the number of firms as a local price changadhese reference points
has the samefiect on a firm’s demand independent of the number of firms in theken.
Thus, any comparative statics results in the number of firaslae to the fact that price
changes are observed initially and, thu$eet the reference—point distribution.

As shown in AppendiXD, firni's demandnX (Ap, p’) for a small price decrease that
does not steal any adjacent markgt€ [1/n,2/n], pi < p/, and pj = p forall j #i;
Ap = p - p) satisfies

4 3n+2 ) 2Ap _25(Ap), (15)

X(Ap, p) = ((/1 —1)(n+2) + n(n + 2) B n(n+ 2)t
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where

S(Ap) = \/Ap2(/l —-12-(1-1ABNn+2)+n(2n+5) - 2ptAp + (1 + 1)2n2t? 16

(1= 12 (2n + n2)*t2

for A > 1 andAp > 0 and stficiently small. Firm’s demand for a dticiently small price
increase can be derived analogously. Moreover, its denamal larger price decrease is

reported in therfirm existence proof provided in Appendix C.4.

We observe that, at symmetric prices of the firma i, firm i’'s demand is kinked fon > 2.
This means that demand in oligopoly with more than two firmkaves qualitatively
differently than duopoly demand because setting a slightlyrpwee than the competitor
leads to a dferent marginal fect in absolute value than setting a slightly higher price
if there is more than one competi@r.The kinked demand is illustrated in Figure 5 for
n = 100 (keeping the competitors’ prices fixed at the duopolyldaium price p*(2)).

Due to kinked demand, there is a continuum of equilibriarfor 2. Sjﬁpose that firms
coordinate on the symmetric equilibrium that maximizesustdy profitssi The maximal

equilibrium markup is derived below.

Establishing equilibrium existence imfirm oligopoly is rather involved, since there
might arise profitable non-local deviations by stealingstoners in distant sub-markets.
Although, for largen, conditions for maximal equilibrium existence carry over the
duopoly case, stricter conditions are required in marketis & small number of firms.
The next lemma reports ficient conditions, which are derived in detail in Appendix
C.4.

Lemma 6. A symmetric maximal equilibrium with n firms and pricegnp= m*(n)+c =
((L+ A)nt)/(21 = 1+ 2n) + ¢, exists

¥For Ap < 0, firmi’s demand (resp. location of the irfitirent loss-averse consumer) can be derived
considering the indirect utility functions for a pridecreaseof firm i. Forn = 2, firm i deviating from
symmetric prices(, p) by a price increase tp’ is equivalent to firm-i deviating from symmetric prices
(p’, p)) by a price decrease @ Therefore demand is symmetric aroutd = 0 in this case and no kink
arises.

20Cf. literature on cheap—talk games. Note that there is alsmnénuum of equilibria under the alter-
native timing proposed hy Heidhues and K&szegi (2008). él@r since consumers do not observe prices
under this alternative timing, firms do not only have to sahecoordination problem, but consumers must
be included as well in the coordination of beliefs, whichiérium will be played.
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2 >:q(p*(2) — p1In) : n = 2 (solid), 100 (dashed)
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Loss-averse consumers covered by firm=1tWice location of the indferent, loss-
averse consumer artimes demand of firm 1) for varying as a function ofp; for
parameter values @f= 1 andaA = 3: p*(2) = 4/3

Figure 5: Location of the indlierent, loss-averse consumar= 2, 100)

1. forall A € (1, 2] with 2° = 1 + 22 ~ 3.828if n = 2 orn > 6,

2. forall A € (1, 4% with 2 = 1/4(1 + V57) ~ 2.137if n € {3,4,5,6}.

The maximal equilibrium markup can be derived from the fostler conditions of firm
i's maximization problem using (15) and symmetry—i&(0) = 1/n. The maximal

equilibrium markup equals

i (A + 1)nt

= 17
) (A-1)+2n’ (17)
which is illustrated in Figurel6—the upper line shows the mmat equilibrium markup.

(A+1)nt

T TeniT” which is de-

The grey line shows the minimal equilibrium markop—(n) =

creasing im.

Our main result in this section is that the maximal equilibrimarkup positively depends
on the number of firms in the consideration set, in contrasteanodel with standard con-
sumers where it is independent of the number of firms. Thiddibecause the reference

price distribution reacts less sensitive to a price charfige an increase of the number
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Figure 6: Markups with loss aversion in both dimensions

of firms: in particular, in the duopoly model, consumers etghat they are likely to
be dfected by a price deviation and thus adjust their referermetgistribution accord-
ingly, while, given a larger number of firms, the referena@rpdistribution reacts less
sensitive to a firm’s deviation from the maximal equilibriwtnategy. Hence, since con-
sumers’ probability of buying the product of a particulami+and thus their probability
of facing the price of that firm—is decreasingnnloss aversion in the price dimension
becomes less pronouncedragcreases. This is due to the fact that this probability is
a multiplicative term in the consumers’ gain—loss utilitythe price dimension (e.g. see
Prob[p = pi] in [@)). Using the insights of Sectidn 2.4 and focussing lo& maximal

equilibrium, it follows that an increase imhas an anti—competitivetect.
We summarize our result as follows:

Proposition 5. In the Salop model with = n and informed consumers, the number of
firms does not gect competition. By contrast, with uninformed loss-aversesumers

the maximal equilibrium price is increasing in the numbefiohs.

Forn — oo, the maximal equilibrium pricg*(c) = lim,_,., p*(n) is the upper bound of
the equilibrium set that results in the model in which conetsio not observe price be-

fore forming their reference—point distribution. Thugdtingn as a continuous variable,
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asn turns to infinity, the correspondence of symmetric equgilmonverges to the set of

symmetric equilibria under the alternative timing (whishinvariant inn).

The comparison of markets with afiirent number of firms and an adjusted circumfer-
ence of the circle was introduced as an intermediate@tept us compare the duopoly
market to a market witlm > 2 firms (-firm oligopoly). The latter captures a situation
in which all n firms belong to the consideration set of consumers becatsbe &x—
ante stage, they do not know their location. We may think chdam advertising the
existence and price of its product &l consumers—i.e., firms engage in non-targeted

advertising.

By contrast, if each firm can identify whether a consumersdated somewhere between
the firm’s location and the location of an adjacent firm, theynmform only consumersin
their vicinity about existence and price. We may call suchezficetargeted advertising
Effectively, the consideration set of consunxee [i,i + 1] is {i,i + 1} at the ex—ante
stage. Then-firm oligopoly model with such targeted advertising is aunte-equivalent
to the duopoly model in the paper. In particular, using symnynéhe re-scaled first-order
condition of profit maximization in the-firm model with targeted advertising is the same
as the one of the duopoly model. Therefore, equilibriumgsriare the same. This implies
that our comparative statics results with respect to thebaurof firms (going froom to 2
firms) can be interpreted as resulting from a switch in adsieg technology from non-
targeted to targeted advertisingriffirm oligopoly. If firms coordinate on the equilibrium
that maximizes industry profits, they would be bettéfiom jointly agreeing not to use
targeted advertising since this intensifies competitiormwelver, since impressions on
distant consumers are wasted, we conjecture that firms waptldo target ads if they

were given the possibility, in order to avoid the associatests.

We can extend ourfirm setup to one in which the mass of consumers is increasihg
number of products such that a firm’s profit with standard consumers will be camist
in n (for instance due to market integration). We receive thadlen contextual consumer
loss aversion, firms’ profits are higher in larger marketsithrmsmaller ones because

consumers are less price sensitive in the former marketgshdextent that firms féer

21The direct interpretation would be in the spirit of non—adrmodels of imperfect competition of the
Dixit—Stiglitz—type, where an additional variant may nfeat the pricing of firms.
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multiple products that do not directly cannibalize markedre from each other, product

proliferation in our model can be seen as a means to makeqmiparisons less relevant.

5 Discussion

5.1 Empirical support and implications

Empirical support for consumer loss aversiolccording to the marketing literature

on reference prices (for an overview s

see Mazumdar, Raj,

1$2005)), contextual

reference prices are important to explain consumer chpiogzarticular, as Rajendran

and Tellis (1994, p.33) point out, “when brand preferencevéak, brand sampling is

wide, and shopping is infrequev@”While that literature typically proceeds by making

some ad hoc assumptions on the contextual reference peintyark can be seen as

providing a particular choice—based foundation how poptexds dfect reference points.

In particular, we show that contextual reference pricesaararket—share—weighted sum

of product prices (in equilibrium, market shares reflectchase probabilities which are

inversely related to price levels). The fact that we considss aversion in the match—

value dimension in addition to loss aversion in the priceatision does not qualitatively

change our results concerning relative price levels (campBactio Z14). Loss aversion

in the match—value dimension does, however, increase gralbprice level.

Recent experimental work from the lab and the field providedemce that economic

outcomes are well explained by expectation—based lossiamerSuch evidence comes

from exchange experiments (see Ericson and Fuster (f

) and lab experiments

in which participants are compensated for exertifigreé in a boring task (see Abeler,
Falk, Goette, and Himan (2011)). Similarly, there is evidence that expectati@sed

reference dependencgexts golf players’ performance (s

and cab drivers’ labor supply decision (

ee Pope and Schwelitz&d {20

see Crawford and

enl

)

Karle, Kirchsteiger, and P

ditz

220ur model focuses on markets with infrequent purchases oBtrast, for environments with frequent

purchase decisions, elg. Kalyanaram and Winer (1995)igigfthe relevance demporalreference prices
which depend on past prices. Temporal reference prices@asimnal sales are not the focus of our paper.

See Zhoul(2011) and Heidhues and K6sZegi (2010) for fonvakitigations on this topic.



CoMPETITION UNDER CONSUMER L 0SS AVERSION 35

2011) find evidence for expectation—based reference digpee in a controlled con-

sumer choice setting with real consumption. In the lab, tkelate contextual reference
dependence and show that loss—averse consumers are noerespnisitive than standard

consumers when priceftierence is sfiiciently large relative to tasteftierence.

Implications and predictionsOur comparative statics results with respect to the fractio
of ex—ante informed consumers lend themselves for emppiealictions, in particular
with respect to the equilibrium prices. We may relate thetfoa of informed consumers
to the frequency with which consumers buy in a particularkegor region. If purchases
are on average frequent this corresponds to a market orrregth a large fraction of
informed consumers. Our baseline model then predicts ti@gpare lower in markets

or regions with more frequent purchases.

We focus our discussion on firm asymmetries and the size afthgumers’ consideration
set. We have shown that, for product categories in whichdpraferences are weak and
shopping is infrequent (i.e., contextual reference pgematters), price—cost margins are
low when producers are ficiently asymmetric anfdr the consumers’ consideration set
of products is small. This is due to the fact that, in thosdrenvnents, loss aversion in

the price dimension, which has a pro—competitiffed, is less pronounced.

As markets evolve over time, initially, only few consumefshmse active at that point in
time possess match—value information when forming théaremce point. The fraction
of informed consumers supposedly increases over time amnhnleet matures. We con-
sider a dynamic interpretation of our comparative staessiits useful even though such
an interpretation may be criticized on the ground that oudeh@nores possibly relevant
dynamic éfects of consumer and firm behavior. Comparative staticdtsesiiout prices
translate into price paths in an evolving market (provideat the products’ lifetime is
exogenous). In particular, in markets for complex prodotts particular generation, we
would expect that, as the market matures, more and more ic@nstbecome informed
about their valuation of product features well ahead of tispéction stage. Thus, a more
mature market refers to a market in which a larger fractiooafsumers is ex—ante in-
formed about their match value (resp. to a market in whicle@lsumers have initially

more precise information about their match value; see bel@ur baseline model then
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predicts that prices are decreasing over time as opposeddelmthat highlight the im-

portance of low introductory prices with uninformed consusas in_Nelson (1970).

A particular application is the study of asymmetric duopwigrkets for consumer goods.
In strongly asymmetric markets the price of the high-mafgim may be increasing over
time if more consumers become informed as the market mattifes is likely to be the
case if a national brand competes against a private labek, Math a large fraction of
ex—ante uninformed consumers, relative price and markaestf the low—cost private
label is larger than in the case in which consumers are faftyrmed ex ante. Setting low
prices therefore provides a means for the private label forominent in the market. By
contrast, our theory predicts that the price of the high-gmdirm decreases over time in
moderately asymmetric markets. This is likely to be the ¢ase market in which two

national brands compete with each other.

Our theory provides a new perspective on information dsale and advertising. Since
all consumers are fully informed at the purchasing stagedstrd theory would predict
thatit is irrelevant how far in advance of the purchasingstaformation is revealed. Our
theory predicts that consumer behavior and market outcal®gsnd on whether and to
what extent match—value relevant information is reveateahaarly stage. In particular,
our model predicts that advertising and other marketinggunsents (as, e.g., thefer of
test drives or trial products) that allow for voluntary gairiformation disclosure about
match value are more likely to be used in markets charaeti®y large asymmetries
between firms because one or both firms gain from informatisdasure. Applied to
private labels, it may be profitable for private labels tocttise information on product
characteristics ex ante. A case in point may be Walmart'®sancement concerning food
labeling and its modified composition of nutrients and inljgats to make the private—
label products more healthy (see e.g. New York Times, Jgr2@r 2011, “Wal-Mart
Shifts Strategy to Promote Healthy Foods” by Sheryl Gayliiaj).

Targeting is becoming common for online retailers. Foranse, Amazon recommends

particular products within a particular product categoagédd on the inferred character-

istics of consumers. The literature has, in particularkémbat targeted advertising as
a means to increase profits, see € ' Eﬂ@l). It has also

pointed out that targeted advertising can sometimes betodeggment the market, see
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e.g..lyer, Soberman, and Villas-Boas (2005). Our theorgsests a potential downside of

targeted advertising from the firms’ perspective: as theeeitbing technology allows for

better targeting, the consumers’ consideration sets becmaller, which makes firms
set prices more aggressively, and, in equilibrium, thisl$et® lower prices. Thus, as the
technological possibilities of targeting, e.g. of searolntals, are improved, prices may
decrease.

Our symmetrion—firm extension also suggests that loss aversion in the gnnension
plays a less important role if the number of firms increasdss & due to the fact that
the probability of buying from a certain firm decreasesinFocussing on the maximal
equilibrium, this implies that, in symmetric markets, fire@mpete less if the number
of products increases. Thus, as pointed out above, prodatitepation can be seen
as a means to make price comparisons less relevant. Alloleimgsymmetries across
firms we conjecture that an increasenireduces low—cost firms’ incentives to gain extra
market share or prominence by setting low prices. Thusgeprampetition should be

more pronounced in asymmetric markets in which consumeke rieav comparisons.

5.2 Robustnhess

Consumers with noisy signalé the previous sections, we have considered consumers
which are either fully informed or fully uninformed and haaléowed for variations of the
fraction of the two consumer groups. We can modify our selwwever, to a situation
in which consumer information becomes a continuous vagialiVe do so by introduc-
ing noisy signals about consumers’ match value which aig fal’ealing with a certain
probability (precision) and pure noise with the compleragnfprobability. Under full
precision, consumers are ex—ante informed, while theyararge uninformed if the pre-
cision of the signal is zero. In AppendiX E, we show that, imsyetric settings, our
results with a mixed population of fully informed and fullpimformed consumers trans-
late to a single group of continuously informed consumenspdrticular, increasing the
fraction of informed consumers is qualitatively similarib@reasing the precision of the
noisy signals consumers receive. In asymmetric duopolycomparative statics results

in 8 may not find a counterpart in the modified model in which constsmeceive noisy
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signals because demand is not monotone in the signal grecisi

Further issues.In line with most of theory on imperfect competition, but iantrast to

Heidhues and K&szedi (2008), we considered markets inhwhformation on the firms’

costs is public (at least among firms). This has allowed ustopare our results to those
in the standard Hotelling—Salop model of imperfect contjmeti Suppose now that each
firm privately observes its marginal cost. Under the timimgticonsumers form reference

points before observing prices, Heidhues and K6szegigpbave shown that firms may
decide not to condition their prices on their private infatian. By contrast, under our
assumptions on the timing of events, namely that consuméially observe prices and
form their reference point distribution when already knogvthe prices of the products,
one can show that, in any interior equilibrium of the duopwlgdel, firms will always
condition their price on their private information—i.éngtequilibrium is non—focal. This
is seen as follows: For any prices set by the competitors,firas a unique best response.
This best response is strictly increasinginHence, there cannot exist an equilibrium in
which each firm ignores its private information. The equilim price of firmi as a

function of this firm’s marginal cost must be strictly incsaag.

Another feature of our setting is that consumers obtairrmédion about the two products
simultaneously. What happens if the information about pot&l has to be acquired se-
guentially by uninformed, loss—averse consumers? We aam #tat our main qualitative
insights are confirmed in a duopoly setting in which uninfecdhconsumers have to incur
a positive shopping cost to visit the second product. In susbgquential search extension
consumers first investigate thé&e@ring of the more £icient firm, as price information is

always available.

6 Conclusion

This paper aims at a better understanding of the competigets of expectation—based
consumer loss aversion. For this purpose we embed conswviterexpectation—based
loss aversion into a Hotelling—Salop model, which is a statdvorkhorse in the mod-

ern industrial-organization literature (see, e.g., irt19_8_§) or_Belleflamme and Peitz
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2010)). We distinguish between ex—ante informed conssinvép behave identically to
consumers with standard preferences and ex—ante unindozaresumers for whom loss
aversion #ects behavior. In the baseline model, a larger fraction efaate informed
consumers increases competition and thus leads to lowaasprifwo forces are at play:
Loss aversion in the match—value dimension has an anti—etitinp efect, whereas loss
aversion in the price dimension has a pro—competitiiece The latter tends to dominate
the former with strongly asymmetrid¢feiency levels. An increase in the share of ex—ante
informed consumers is anti—competitive, in contrast tofimatings in the baseline model.
Furthermore, increasing the size of the consumers’ coradide set is anti—competitive
when selecting the pafte-dominant equilibrium.

Our model makes a novel conceptual point when embeddingd¢fsand Rabin (2006)’s

framework of rational expectation—based loss aversiom énstandard imperfect com-

petition model: When price information is immediately asxed by consumers, while
information about match values is not—this is most likelg ttase for complex or less
frequently bought products—firms can use price to managedteeence—point distri-
bution of consumers in the match—value and the price dimassand, thus,féect their

preferences at the purchase SJ%We have shown in this paper that this possibility ad-

mits price variation in equilibrium. This is in contrast/teidhues and K6szegi (2008)

who predict that firms in equilibrium “insure” loss—aversmsumers against price fluc-
tuations by setting identical focal prices across prodacticky prices over time. Their
finding is due the fact that loss—averse agents dislikeidllyitunobservable) variation
in monetary outcom@. In our setup, however, all uncertainty about match values an
purchase prices at the reference—point—formation stagessonly from product charac-
teristics. In other words, only match—value uncertaintyegates consumer loss aversion

in our setup.

ZAlso, firms’ information—disclosure policy aboptoduct characteristicsan be seen as an expectation
management tool. Such information disclosure can be aetiitwough advertising campaigns and pro-
motional activities, which do not generate additional mfation at the moment of purchase (at this point,
consumers would be informed in any case), but inform conssitmefore they form their reference point
distribution.

24This reasoning has been applied to a contracting problenewet. Mueller, and Weinschenk (2010)
to show the optimality of binary wage schemes in employmelattionships with moral hazard and non—
binary states.
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A feature of our setting is that there are no dynamics in the&ion of reference points.
One may wonder whether the results are robust if price indbion becomes available
only at an intermediate stage—i.e., consumers initialiyeha@ice expectation, which may
have to be corrected at an intermediate stage. Consumigy titén also includes a term

that depends on the deviation of observed prices from dquiin price expectations, as

inHeidhues and K&szedi (2008). We conjecture that theitgtiak features of our com-

parative statics results hold true for an appropriate édayium selection and a skiciently
small weight (i.e., a dticiently large discount factor) on gains and losses at thernme-

diate stage. More generally, one could extend our modeldavdbr informative signals

over time, as in Készegi and Rabin (2009). We leave thisi$sufuture research.

Another feature of our setting is that, if a firm releases nimfation on the match value
of its product, consumers fully infer the match value of thieeo product, as well. Fu-
ture work may want to look at alternative settings in whicformation is not perfectly
correlated across products, giving rise to a richer setfofination-disclosure policies.
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Appendix

A Relegated Proofs

A.1 Relegated proof of Sectioh2

Proof of Lemmall Using the properties of the reference—point distributjoms rewrite

the utility function as

Uz (X, Pz, P2) =(V—tx—p1) + (L - R)(p2 — p1)

_A-t(fol_f(Z(x—S)dS+ 1_X:(x—s)ds)+t(f§(s—x)ds)

=(V—tx— p1) + (1 - R)(p2 — p1)

_a- %(x2 L x1-R)-(1- >‘<)2) + %(f(— X)2 (18)

1-X
Us(X. Pr. P2) :(v—t(l—x)—pz)—z-i(pz—pl)—a-tfo 2(1-x) - 9 ds

+t( f:iz(s— (1-x)ds+ fli(s— (1- x))ds)

=(V=t(1 = %) = p2) = A X(P2 — pr) — 4 t(1 - X)?

; t((x — %+ (% —x—%+ 2x§)). (19)

To determine the location of the irftrent uninformed consumer= X, we setu; = Uy,

where

2 2 2 t
Ur(X, P, P2) = (V=tX = p1) + (L= X) (P2 — p1) — 1 - 5

2(1 _2(1- >‘<)2) (20)

W& prP2) = (= t(1= R = p) = - Koz - po) - (1 1A= R7 - 2 - 37)  (21)

If she buys product 1, the indlerent uninformed consumer will experience no gain but the
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maximum loss in the match—value dimension. If she buys pro2luishe will experience a
gain and a loss because distance could have been smallegartizan 1- X. With respect
to the price dimension the indierent uninformed consumer (like all other consumers)

faces only a loss when paying pripg and only a gain when paying prigs.

uL(X, pr, P2) = Ua(X, p1, P2) can be transformed to the following quadratic equatioR, in
~ ~ t
0= 2a1-1)-%+ ((a —1)(po— pa) - 4u) %+ (2(p2 - P+ 531+ 1)). (22)

Solving this quadratic equation fleads to the expression given in the lemmad i
(1, 2°], the second solution to the quadratic equation can be mlgds it violates the

restriction that it is contained in [@] for any feasible price dierenceAp € [0,Ap]. O

Proof of Lemmal2.The first derivative ok(Ap) with respect taAp is equal to %1(2t) for
all Ap < t. Evaluated at\p = 0, demand of ex—ante uninformed consumers reacts less
price sensitive than demand of ex—ante informed consuniiis.can be seen as follows:

The derivative ofk(Ap) with respect taAp for Ap € [0, Af],

1 1 (& B 1+2) )
4  2-S(Ap) \8t2 2t(1-1)/
is strictly positive. Evaluated atp = 0, we obtain

~ __i (/1+2)
XO=-Z*ag+ 1

Fora — 1, §’(O) is approaching A2t) from below.
Moreover,X(Ap) is strictly convex for allAp € [0, Af], as illustrated in Figure 1.

B+)B+31)
64t>- (S(Ap))°

X/(ap) =

We note that the degree of convexityXf p) is strictly increasing int.

Evaluated at large price filerences, the property concerning the price sensitivitge-s
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versed due to convexity cfo‘.

A7A+22)+19 1 1
S f 1,29.
aai-6)-11 &z or AcdA]

X (AP) =

Thus, X (Ap) > R’(Aﬁ) Interior demand of uninformed consumers, evaluated atlarg
price diferences, reacts more sensitive to an increase in the pffiezetice than the
demand of informed consumers.

Sincex’(Ap) is constant and' (A p) continuous and monotone (with the required boundary
properties), applying the mean value theorem, there eaisisique intermediate price
differenceAp € [0, AP] such that (Ap) = X (AP) = 1/(2t). This critical price diference

can be explicitly calculated as

t(2\/§ (21 +2)-3- VA +2)2 - (A + 1)2)
AP= V2(1 - 1) ’

which is strictly positive for alll > 1 since numerator and denominator/b(1) are

strictly positive in this range. |

A.2 Relegated proof of Section3

Proof of Proposition .

dap) @) |
d(ao) 3¢ + ¢ (1 20)
(¢)?
3¢+ ¢"(1- 29)

-1 (23)

Denote the denominator dfAp*(Ac))/d(Ac) by D(Ap*; B). We show that, on the relevant
domain of price dferencesP(Ap*; B) is strictly positive. We have that

D(0;8) = 3(#'(0;B)*+¢”(0;8)-0

2>Note thatAp = (1 + 3)t/(2(1 + 1)) < tfor 1 > 1.
2For 1 — 2%, X (AP) — oo.
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= 3('(0;8)*>0

The sign of the derivative is of ambiguous sign:

aD(Ap;B) — V4 144 177 144 ’
“oAp - 6¢'¢" +¢""(1 - 2¢) — 2¢" ¢
4¢’¢’/ + ¢’/’(1 _ 2¢)

ThusD(Ap*; B) is not necessarily non-negative. However, sibgé p*; ) is equivalent
to the tangent condition (86) which approaches zempmpt Ap®?(1,t) we conclude that

d(Ap")
d(AC)

>0 (24)

for Ap < Ap®(4,t), which is the relevant domain for equilibrium existenceorgbver,
since¢” (1 - 2¢) = 0 for Ac = 0 (i.e.,Ap = 0) and¢” (1 — 2¢) < O for Ac > O, it holds

true thatd(Ap*(Ac))/d(Ac) > 1/3. |

B Tables



Table 2: Small Cost Dierences:

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

B

1.0
0.8
0.6
0.4
0.2
0.0

P1(8)

1.33333
1.37274
1.41524
1.46121
1.51103
1.56518

P>(8)

1.41667
1.45643
1.49932
1.54572
1.59603
1.65072

Ap(B)  w(Ap)  XAP)  XApY) i

0.0833333 0.541667 0.541667
0.0836887 0.539995 0.541844
0.0840806 0.538326 0.54204
0.0845149 0.536662 0.542257
0.0849986 0.535002 0.542499
0.0855405 0.533347 0.54277

Table 3: Intermediate Cost Derences

0.532458B6806
0.5325%06272
0.53273R7P81
0.5329350008
0.5331&574663
0.53334/01446

e
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 bt 1,1 = 3,¢; = 0.25,¢, = 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

p1(B)

15
1.5039
1.50553
1.50448
1.50029
1.49248

P5(B)

1.75
1.758
1.76414
1.76803
1.76925
1.76737

AP (B)  w(Ap)  RAP)  X(Ap) ;

0.25 0.625 0.625 0.605992 0.78125

0.254109 0.62324 0.627054
0.25861 0.621651 0.629305
0.263546 0.62026 0.631773
0.26896 0.619097 0.63448
0.274896 0.618194 0.637448

*

T

0.60798 0.78187285586
0.61017 0®0UZ8 0.289112
0.61258%800A4 0.29165 0.942908 1.13111
0.615251 40487 0.293008 0.879835 1.13332
0.6181948092 0.292988 0.818625 1.13897

0.28125

Cs

1.07357
1.00758

CS;,

1.13519
1.13188

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

NOIS¥HAY/ SSOT] YHWNNSNOD) YHANN NOILLILAdNOD

N
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Table 4: Large Cost Dlierences:

The table shows the analytical solution of the market elgudifor parameter values ot 1,1 = 3,¢; = 0.25,¢, = 1.25:
Non-existence foB = 0 (see Figurg]8).

B

1.0
0.8
0.6
0.4
0.2
0.0

p1(B)

1.58333
1.5623
1.5361
1.5043

1.46663

P5(B)

1.91667
1.90417
1.88738
1.86596
1.83971

Ap*(B)

0.333333
0.341863
0.351282
0.361666
0.373075

q(Ap)  X(ApY)

0.666667
0.66734
0.668631
0.670654
0.673535

0.666667
0.670931
0.675641
0.680833
0.686538

X(Ap) it

0.64837A88889 0.222222

*

4y

0.652973 51587 0.217615
0.65811/59926 0.211208

0.66386811098
0.6702819444 0.192519

0.202865

CS

1.02778
0.974147
0.923306

0.87537
0.830299

cs,

1.02778
1.04598
1.06911
1.09757
1.13163

CS),

0.673468
0.686806
0.7046
0.727236
0.754968

NOIS¥HAY/ SSOT] YHWNNSNOD) YHANN NOILLILAdNOD
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C Appendix: Equilibrium Existence and Uniqueness

C.1 Symmetric Duopoly

Here, we investigate equilibrium existence. Equilibriuniqueness in symmetric duopoly
follows from Lemmal below. For any interior solution, quaencavity of the profit func-
tions would assure that the solution to the first-order cioonak characterizes an equilib-
rium. However, profit functions are not quasi-concave. Hfirsets a much lower price
than firmj, firm i’s profit becomes increasingly convex due to the increasamygexity of
its demand with loss-averse consumers.

&

a2 =2q + (pi — O, (25)
i

whereq” = %qi(Ap)/dAp? which is positive forAp > 0 but negative fonnp < 0 due
to symmetry (since&;(—|Apl) = 1 - g(JApl)). Using that 0 — ¢) = q;/q by FOG, the
second-order condition of firincan be expressed as

-2())* + aq’ < 0. (26)

For B < 1, equation[(33) is satisfied faxp suficiently small, while it is violated for
Ap — Ap, asq’ goes faster to infinity il\p than ).

The next proposition clarifies the issue of equilibrium &xice. It deals with the non-
guasi-concavity of firm’s profit function by determining critical levels for the deg of
loss aversion such that no firihas an incentive to non-locally undercut prices. We use
that the convexity of firm’s profit function is increasing ithp which yields that stealing
the entire demand of loss-averse consumers is the onlylgppsgitimal deviation of firm

i. We focus on the most critical case for equilibrium exiseenihe case in which all

consumers are loss-avetde.

27Adding more standard consumers always reduces the prolfleanequasi-concavity of firniis profit
function since the demand of standard consumers is lineas, The upper bound on the degree of loss aver-
sion with only loss-averse consumers ifimient for existence with a positive share of standard comsam
Cf. an older working paper version of this paper ($HB 15 Discussion Paper, 319).
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Proposition 6. Suppose that all consumers are loss avegse Q) and there are two firms
in the market. A symmetric equilibrium with pricesfpr all i € {1, 2} exists if and only if

1<A<A°withA°=1+2V2~ 3828 (27)

Proof of Proposition 6.In this proof we rule out non-local deviations from symmetri
price equilibrium in the duopoly case—i.e., when firms ordynpete in their neighboring
sub-markets. Let firm be the deviating firm. It has been shown that firsprofit is
concave if the price dlierenceAp is suficiently small—i.e.,Ap is negative or not too
positive. Therefore, non-local price increases are nexditable. Since the degree of
“convexity” of firm i’s profit increases i p, firm i’'s most profitable price deviation is a

price reduction stealing the entire demand of loss-aveyssumer

We next derive the critical upper bound of the degree of lesssion for which stealing
the entire demand of loss-averse consumers is not profitablsteal the entire market,
firm i sets a deviation pricg? = p* — Ap. Forg = 0, the firmi’s deviation profitz?, can

be expressed as follows,

= (pf—c)-1=(p" - ) - Ap. (28)

Firm i’s profit in symmetric equilibrium is equal to

x =0 -0)-a©)= -9 (29)

Thus, a deviation from symmetric equilibrium is not profieals and only if

7 () > 7l(A)
o ap) = PO =C by (Z8) andI(ZD)

(A1+ 3t t
20+ 1)~ 2_ by @) and[(7)

(A+1)

28 The intuition behind this result is that foriziently large price dferences loss-averse consumers try
to avoid buying the more expensive product. Furthermoig,afoidance is the more attractive the higher
the degree of loss aversion. This holds true because the@egconvexity of firm’'s demand increases in
the degree of loss aversion—i.&q’ /oA > 0.
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& (A+37>2(+ 1y

Sinced > 1, we receive the unique solutidng A6 = 1+ 2 V2. O

C.2 A More Flexible Symmetric Duopoly Model

Proposition 7 (Existence in duopoly with dlierent degrees of loss aversioBuppose that
there are two firms in the market and all consumers are losssavg = 0) with different
degrees of the two dimensions of loss aversigni;, > 1). A symmetric equilibrium with
prices

2(Am + Lt -
,+3 7

Sk

pi =C+ 1,2,

exists if and only ifty, > 1 and 4, € (1, A5(4m)] with

An+7
/1m_l.

Ap(Am) = (30)

Proof of Propositio]7.Analogously to the proof of Propositidh 6, a deviation frame t
symmetric candidate equilibrium is not profitable if andyoifl

7 (Aps Am) = 7(Apy Am)

“(Ap, Am) — C

& AP(Ap, Am) = M by (28) and[(2P)

(Am + 3t t
= >

= 2t L)t
2p+1) 2- }p%
Am+ 7

(=4 /1[) < m = ﬂ%(/lm)
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C.3 Asymmetric Duopoly
C.3.1 Equilibrium Uniqueness in Asymmetric Duopoly

In LemmalY we provide dficient conditions under which an interior equilibrium is
unique. Given parametensandt, the condition states that the cost asymmetry between

firms is not too Iarg

Lemma 7. An equilibrium is the unique interior equilibrium if

2t
(1-1)

AC < A1) = AP = (2(4 +2)- RO+ 2P -1+ 1)2). (31)

Proof of Lemmal7 We have to derive a number of useful propertied @p;8) = (1 —
2¢)/¢": First, £(0;8) = 0/¢'(0) = 0¥B. Second, ail = A°: limapap f(AP; B) = O since

limapiap @ (AP; B) = 00 VB < 1 asS(AP) = 0, andf (Ap; 1) = —2Ap < 0. Third,

f(Ap; B)

—2(¢')* - ¢" (1 - 29) ¢"(1-2¢)
= — 2 _—
@) [+ =57
since f’(0;8) = -2 < 0 VYgBand f'(Ap:8) > 0 VB < 1. Moreover, f'(Ap;1) =
-2 VAp.

)§0 VB < 1,

It has to be shown thdt(Ap; B) is strictly convex inAp € [0, AP] for B < 1. We find that

@ -2 -20) - 20

f7(Ap;B) = 7oL

We first consider the case af= A ~ 7.47, for whichAp = Ap. FigurelT illustrates the
equilibrium condition[(I#) at\c = Ap. Now, if 8 < 1 by continuity of f (Ap) for Ap €
[0; Ap], T(0;8) =0, limapap F(AP; B) = 0, f/(0;8) < 0, limappap f/(Ap; B) = o0 > 1, and
strict convexity off (Ap) for 8 < 1, we know that, forAc > Ap, there are two candidate
interior equilibria since thef((Ap) + Ac)-curve shifts up and intersects the-line twice.
For values ofAc lower thanAp, (f(Ap; B < 1) + Ac) is always smaller thanp and no

other equilibrium can exist.

29Sincet turns out to simply scale equilibrium markups, = p; — ¢, we sett = 1 here.
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f(Ap;B) + Ac: solid, Ap:dashed

Equilibrium condition [IT%) atA\c = Ap for parameter values ¢f = 0,t = 1, and
A=2% Ap=Ap=0.6180.

Figure 7: Two potential interior equilibria

If B =1, f(Ap;B) is strictly decreasing for alhkp and at most one intersection between

f(Ap; 1) + Ac andAp exists (standard Hotelling case).

Secondly, in the case of & 1 < A° all uninformed consumers buy from firm 1 ap =
AP, which is smaller tham\p. Since f is continuous,f(Ap;8) < 0, andf(Ap;B) =
(1 -2(Bx(Ap) + (L -P))) - 2t/B is strictly decreasing foAp > AP, Ac < Ap is suficient

to rule out other equilibria in this case. |

In the lemmaAp depicts the upper bound @fp such thatS(Ap) in X(Ap) is equal to
zero (Cf. equatior{6)). Fot = A%, AP = Ap. Itis easy to check thatc!(1) is strictly

decreasing in.

We also can provide conditions that non-interior equisilad not exist. For the sake of
brevity, here we restrict attention to the cg@se 0.

Lemma 8. Suppose that all consumers are uninformgd=( 0) and the degree of loss

30In this case an analytical solution fér{14) can be deterching* = Ac/3.
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aversion € (1,1 + 2V2]. Non-interior equilibria do not exist if

(1+3)

Ac < AC"(2) = 2AP = 1

(32)

Proof of Lemm&lI8.The candidate non-interior equilibrium [§* = ¢, — Ap, p;* = C.
The associated profits ang” = (c; — AP —¢;) - 1 = Ac - Ap andr;* = 0. Note that for
Ap™ = AP settingp, = c; is the local best response of firm 2.

We consider a non-local deviation by firm 1 pp = ¢,. The associated profit i€A —
c1)¢(0) at p; = ¢,. Hence, a sflicient condition for the non-existence of non-interior
equilibria is

A
Ac— AP < (0 - o)i(0) = =

This is equivalent to

Ac < 2AP.

Forde (1,1+2- V2], Apis equal toAp(2) = (1 + 3)t/(2(A + 1)), which completes the
proof. O

Combining Lemmathl7 arid 8 we obtain the following propositio
Proposition 8. For Ac < min{Ac", Ac"}, any equilibrium is unique and interior.
C.3.2 Equilibrium Existence in Asymmetric Duopoly

For any interior solution, concavity of the profit functionwsuld assure that the solution
characterizes an equilibrium.

6271'1 /7 144
o2 —2¢" +(p1 - C1)¢” <0 (SOQG)
apl
62
T2 —2¢/ — (2 — C2)¢” < O. (SOG)

3
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Given the properties ob (in particular, thatp is strictly increasing and convex ifip
for B < 1) SOG holds globally, whereaS OG is not necessarily satisfied. Using that
(p1—¢) = ¢/¢’ by FOC;, SOQG can be expressed as

—2(¢)% + 9" < 0. (33)

It can be shown thaf (33) is satisfied for sma, while it is violated forAp — AP
and1 — A% as¢” goes faster to infinity imp than @5’)2 This violation of SOG
reflects that firm 1 may have an incentive to non-locally uodeprices to gain the entire
demand of uninformed consumers whiepis large. The driving force behind this is that
loss aversion in the price dimension increasingly dommaiss aversion in the match—
value dimension if price dierences become large. Moreover, excessive losses in the
price dimension if buying the expensive product 2 make a¢soloy consumers of 2 more
willing to opt for product 1.

The next proposition clarifies the issue of equilibrium &xice. It deals with the non-
guasiconcavity of firm 1's profit function by determiningtaal levels of market asym-
metries and the degree of loss aversion such that firm 1 hasceative to non-locally
undercut prices. Here, we make use of the increasing cagvelfirm 1's profit func-

tion in —p; which yields that stealing the entire demand of uninformaalscmers is the
unique optimal deviation of firm 1. For notational convemienwe focus on the most
demanding setting for equilibrium existence. This is the onwhich all consumers are

uninforme -

Proposition 9. Suppose that all consumers are uninformgd= 0) and the degree of
loss aversiony, lies within the interval(1, 1 + 2 vV2]. An interior equilibrium with prices

(p;, p;) exists if and only if

Ac < AcY(2) = Ap"(2) — f(AP™(1); 0), (34)

31This implies thatr; is not globally concave. Itis easy to check that it is neitjiebally quasi-concave.
This is illustrated in FigurEl8 in AppendiXIC. Moreover, thenaconcavity ofr; is increasing imp (resp.
—p1) for Ap < Ap (resp.p1 = p2 — AD).

32Adding more informed consumers always makes the non-quasiwity problem less severe as the
demand of informed consumers is linear. Thus, the derivg@upound on cost asymmetries with only
uninformed consumers is fiicient for existence with a positive share of informed constan
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with Ap™(2) being implicitly defined as the solutiap™(1) # Ap of the equation

¢(Ap;B) - (1 - ¢(Ap;,8))'

AP= AP A p )

(35)

Before presenting its proof, let us comment on this propwsitThe result shows that an
equilibrium exists if firm 1 has no incentive to non-locallgdercut prices. In fact, the
incentive to undercut prices increases in more asymmaetdastries or for more loss—
averse consumers. For a low degree of loss aversion fl< 1+ 2V2 ~ 3.828), an
equilibrium exists if the cost éfierence between firms is not too large ($eé (B4)h this
case, an equilibrium exists for all valuesgfHowever, if the degree of loss aversion rises
further, equilibria only exist if there is a fliciently large share of informed consumers
which reduces the undercutting incentive of firm 1. This éxdiis illustrated in Tablél5
below.

Table 5: Non-deviation condition

Variation of Ap™ andAc™ in g andA. (t = 1)

B | APY(AB) AC(LB) | Ap™(1.5) AC™(4.5)
0.8 0.648337 1.75869 0.372669 1.07069
0.6| 0.543254 1.45317 0.23824 0.686206
0.4| 0.459237  1.22329) 0.107415 0.314749
0.2| 0.377489 1.00993 - -
0.0| 0.278889 0.75963 - -

In the proof of Propositiohl9 we first provide the critical éwf Ac for which the equi-
librium condition in [14) is satisfied for candidate interemuilibria. We next identify the
set of candidate interior equilibria which are robust taland non-local price deviations
of firm 1.

Proof of PropositiofB. 1. To find an upper bound afic for which the equilibrium

33For instance, experimental work by Tversky and Kahnema8Z)l8uggests thattakes the value 2.25,
which is within this range.
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condition [14) is satisfied, we determine the point at wHi¢hp; 8) is a tangent on
the Ap-line. In FigurelY this corresponds to an upward shift of tl¥ep; 8)-curve.

The tangent condition is

ff(Apg)=1 & 3(¢')° +¢"(1-24)=0 (36)

It is sufficient to considep = 0 as the most problematic case with respect to ex-
istence. The reason is that f8r> 0 there is a positive weight on the demand of
informed consumers which is linear. Denote the criticat@udiference that satis-
fies (36) ap = 0 asAp?(1). We note that it is decreasing in

Then, the equilibrium condition if_(14) is fulfilled if and nif Ac satisfies the

following condition
Ac < AC®(2) = Ap(Q) — f(Ap™(1); 0). (37)

Ac?(1) is uniquely determined by p'(2), using equilibrium conditioi(14) because

at the tangent point there is a one-to-one relationship datvthe two variabl@.

2. Atthis step, we show that a solution to the first-order @onlis a local maximizer.
Suppose, by contrast, that,p = Ap’, SOQG is not satisfied. Then, atp’, firm
1's profit takes a minimum antlp’ cannot be an equilibrium. Now, defidg3(1)
as the critical price dierence which satisfies the second-order condition of firm 1
33) with equality. There is a uniqueps(1) for any giveni because the convexity
of 7, is strictly decreasing ip;. Thus,S OG holds forAp < Ap3(1). We next show
thatS OG implies the tangent condition—i.eAp3(1) < Ap'®(1). Rearranging (33)
and [36) leads to

n2
! < (‘Z) . @)

_ AYA
(2¢3 1) < (Z) . @®)

34For Ac!(1) < Ac < Ac®() there might arise two candidate interior equilibria. Hoeeas we see next,
the second one does not survive the |&8&G criterion.
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ﬂ-l(pla p;)

08 TN -

L _ d . \

P1=pP; P1=pP;
0.7-
06
05
| | | | | | | | | | | | | | | | | | | | | pl
0.6 0.8 1.0 12 1.4

Profit of firm 1,71(p1, p3), as a function of its own pricp; givenp, = p; for Ac =1
(c1 = 0,c2 = 1) and parameter values gf= 0,t = 1, anda = 3: p; = 1.173009,
p‘lj = p; — AP = 0.80863,p; = 1.55863 Ap" = 0.385537, and\pj = 3/4.

Figure 8: Non-existence

Hence,ApS(1) < Ap®(2) holds if and only if¢/2 > (2¢ — 1)/3. This inequality is
satisfied for allp € [1/2, 1].

3. Due to the increasing convexity of in —p, a candidate interior equilibria which
locally satisfyS OG might be ruled out as an equilibrium because a non-locatdevi
ation may be profitable. This is the case when the convexguigiently large: A
non-local price decrease becomes a profitable deviatiofirforl—an example of
this kind is presented in Figuté 8. Given the increasing erity of 1, the unique
optimal deviation of firm 1 (if it exists) is characterized fayn 1 serving the entire
market of uninformed consumers—i.g{, such thatAp? = Ap. Decreasing fur-
ther is not profitable since firm 1 does not attract more comssnwhile its profit
margin goes down for all consumers. Hence, in the followirggwil restrict our
attention to price deviations by firm 1 that steal the enteendnd of uninformed
consumers. If deviating is profitable, firm 1 s@fs= p; — Ap. Forg = 0, firm 1's

deviation profitr? is equal to pf—c;)-1 sinceg(Af; 0) = 1. Using thatp§ = p;—Ap
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we receive
ng = (DZ—Aﬁ—cl)-l
_ (% +Ac—AfJ)-1 by FOC,
= (Ap*+§—Aﬁ)-1 by (14) (38)

For the candidate interior equilibrium, firm 1's profit is edjto 71 (Ap*) = (p; -
c1)¢, which in turn is equal t@?/¢’ by FOC;.
Thus, a deviation of firm 1 is not profitable if and onlyrif(Ap*) > 9. Rearranging

yields

_4-(1-9)

Ap* < AP 7 (39)

This is the required non-deviation condition. We defixg@(1) as the non-trivial

solution diferent fromAp to (39) holding with equality. We have

HAP);0)- (1~ 4(AP™(; 0)

AP = AP - > (BP0, 0)

Lemmal® below shows thatp"(1) is uniquely determined by this non-deviation
condition if the trivial solution,Ap, is excluded. Furthermore, the set of non-
negativeA p™¥(2) is non-empty fort € (1, 1+ 2 V2.

Again by using the equilibrium conditio4), an interiaqudlibria exists if and
only if Ac < Ac"(12) = Ap™(2) — f(Ap"(1)) LS

4. Taken together, due to increasing convexityrgfthe non-deviation condition im-
plies local concavity of the firms’ profit function and theyef, as shown above,

the tangent condition. Thus any pricdtdrence resulting from a candidate interior

35Since Ac™ is a function ofg, while Ac" is not, we have to be more careful to have a uniqueness
statement fop > 0. Fix somes > 0. ForAc¥(1) < Ac < Ac™(1) (where, in an abuse of notation, the
latter critical value is adjusted f@), the equilibrium condition (14) may not make a unique side@e—i.e.,
there might arise a second solution fo](14p*. This solution can be ruled out, however, because, by
constructionAp™ is larger tham p'3(1) and, hence, larger thaxp™(.).
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equilibrium which satisfies the non-deviation conditiom d¢se supported in equi-
librium, asAp™(1) < Ap3(1) < Ap?(1) < AP(A). This provides a bound on the

admissible cost asymmetry that is given in the proposition.
O

Lemma 9. For 8 = 0anda € (1,1 + 2v2], Ap"¥(1) is the unique non-trivial solution
(i.e.,Ap"(1) # AP) to equation@F). Moreover,Ap"(1) is non-negative.

Proof of Lemma@&l9 Note that the non-deviation condition is trivially satisfigtAp = AP
sinceg(Ap; B) = 1 for B = 0 (see Figurél9 below for a graphical illustration of the non-
deviation condition). It can be shown tha&{Ap) = Ap + ¢(1 — ¢)/¢’ approachegp
from above forAp < Ap. ForAp > 0 butAp being small,A(Ap) is strictly increasing
and strictly concave. Moreove(Ap) is continuous and exhibits at most one maximum
for Ap € [0, AP). Taken together, there exists a unique € [0, AP) at which the non-
deviation condition is satisfied if and only if, Afpp = 0, A(Ap) is smaller or equal than
ApP. Forp = 0,A(0) = (1+ 3)/(4t(1+ 1)) andAP = (1 + 3)t/(2(1 + 1)). It is easy to check
thatA(0) < Apif and only if 1 € (1, 1+ 2V2]. Denoting the solution to the non-deviation
condition byAp™(1) completes the pro |

If the degree of loss aversion becomefisiently high @ > 1+ 22 ~ 3.828), the set
of non-negative\ p"d(1) becomes empty. Here, deviating is profitable even in symmet
industries Ac = 0). However, restricting the share of uninformed consuroansestablish

existence of symmetric equilibria also in this case.

For illustration, we provide a numerical example on equilim existence and unique-
ness. Forl = 3,t = 1 andg = 0, the following price dierences ariseAp™(3) =
0.27889,ApY(3) = 0.31072,Ap%(3) = 0.48259,Ap?(3) = 0.69532,Ap = 0.75, and
Ap = 0.83485. MoreoverAc™(3) is equal to Ap™(3) — f(Ap"Y(3); 0)) = 0.75963—i.e.,
an equilibrium exists foAc < 0.75963. The other critical values ate"(3) = 0.83485,
AC?®(3) = 1.40396, andAc™(3) = 1.5. SinceAc™(3) < AcY(3), the equilibrium is the

unique interior equilibrium. Sincac™(3) < Ac"(3), there does not exist a non-interior

3%\We receiveA p"d(1 + 2V2) = 0 and, fori — 1, Ap"¥(1) — Ap.
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Ap+#E-2 : solid, Ap : dashed
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Non-deviation condition of firm 1, as a function of the pria&erenceAp for Ac =
0.25 (c; = 0.25, ¢, = 0.5) and parameter values = 0,t = 1, andl = 3: Ap™(3) =
0.27889,Ac™(3) = (Ap™(3) — f(Ap™(3);0)) = 0.75963, andAp = 3/4. Non-
deviation forAp < Ap"(3) = 0.27889.

Figure 9: Non-deviation in asymmetric industries

equilibrium. For equilibrium values atc = 0.25 and 075, see Tabldg 2 ahdl 3 in Appendix
Bl An example for non-existence @t 0 is provided in Figurél8 witiAc = 1.

C.4 Symmetricn-Firm Oligopoly

In n-firm oligopoly there might arise profitable non-local deioas by stealing consumers
in distant sub-markets. We next establish existence of sstmermaximal equilibria in
this setu@ Although conditions for existence carry over from the dugpmase for

n suficiently large, there might arise additional existence [@ols in markets with a
small number of firms when consumers are loss averse up teveéthat constitutes
the upper bound of the duopoly casé & 3.828). As mentioned before, in contrast to

3"Note that symmetric maximal equilibria are the symmetrigikdgyia, for which deviations by a price
decreasare most profitable. Moreover, deviations from symmetrigildgrium candidates by a price-
creaseare never optimal due to demand concavity in this price rambgas, maximal equilibrium candidates
are the most critical for symmetric equilibrium existence.
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Heidhues and Készegi (2008), in our setup consumers obgeites ex ante and adjust

their reference—point distributions to price deviations.

We restrict the analysis to the most demanding case: Allwmess are loss-aversg €

0). Divide the circle of lengthh. = ninto 2n sub-markets of length/2. Thus, there are
n sub-markets on each half of a circle and 2 between each pa&igiboring firms. In a
symmetric maximal equilibrium, a firm locatedytserves all consumers on the left and

the right neighboring sub-market—i.e., all consumevsthin [y, — 1/2;y; + 1/2]

Due to symmetry, it sfices to consider deviations on one half of the circle only and t
locate the deviating firm at; = 0. This firm &firm 1) is supposed to deviate from the
symmetric maximal equilibrium by lowering its price. If itteacts consumers up to the
mth sub-market (on the first half of the circle), firm 1's (rigjimdifferent consumer is
located atk; € [Y, 7] with 2 < m < n. Its total demand equalskg/n due to the
uniform distribution ofx. Loss-averse consumers who expgcto be located in thenth
sub-market for given prices, form the following referenpetnat distribution with respect

to the match-value dimension,

e for evenm:
2(n - (m-2))s, se[0,1- (X - m2)];
Gm(sn) =4 2(n— (M- 1))s+aX,mn), se(l-(X - 22),1];
2s+b(x;, mn), se (3%

with a(k’, m n) = (M- 1)/n- 2% /nandb(X", m n) = 1- 2%} /n being the required
constants for the kinked cdf.

e for oddm:
2(n—(m-1))s, se[0,& - =2;
Gm(SN) =1 2(n—(m-2))s+ &%, mn), se (X -2 1,
25+ b(k;, mn), se (3,x]

38Since the set of consumers is restricted to mass one snahiformly distributed on [0r], the demand
of firmion [y, —1/2;y; + 1/2] is equal to In.
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It can be easily seen that both distributions coincideXforeaching the boundaries be-
tween two neighboring sub-markets: e.g.,f«pr: 1 Gy(sn) = G3(sn) and forfq = 3/2

G3(9n) = G4(sgn) and so on. Fon = m = 2, we are back in the duopoly case.

To see how the reference—point distributions can be ders@usider the case of = 3
andn > 3: fq € [1;3/2] means that the deviating firm 1 steals all consumers upeo th
location of its right neighbor (firm 2 located gt = 1) and some even in the neighbor’s
backyard market. Therefore, an equilibrium tastéedences within [O; >‘q -1]1<[0;1/2]
can be expected by consumers on each ohtbgb-markets on the first half of the circle,
except for the two sub-markets neighboring firmm € 2,3). This holds true since
consumers who turn out to be located in these two sub-mankétde attracted by the
deviating firm 1 which is located further apart, while conguson all other sub-markets
will buy from the firm closest by. The resulting probabiliti/facing a taste dference in
this interval equals (&)(n — 2)s. An equilibrium taste dferences e (fq -1;1/2] can
be expected om — 1 sub-markets (on the first half of the circle) since also nomers
on sub-marketn = 3 with x € (X"; 3/2] will be buying from their closest firm, which is
firm 2 located ay(>*q)2 = 1. Thus,Gs(gn) is equal to 2n(n — 1)s plus a constant in this
interval. Facing an equilibrium tastefitirences € (1/2; % - 1] = (1/2; 1]U (1; X - 1],
there is each time one particular sub-market consumersetpke located inm = 2 for
se (1/2;1] andm = 3 for s € (1; X" — 1]. Hence, the probability of € (1/2; % — 1] is
equal to Zn - splus a constant.

From the functional form o&,,(gn) it follows directly that, for givem, a distribution with

a higherm first-order stochastically dominates the ones with lomerThis is because
consumers expect to be attracted by the deviating firm witiglaen probability when it
steals a large market share. Therefore, buying from thestdsm becomes less likely:
Consumers put less weight on tastetiences less than'2 and positive weight on taste
differences greater tham Anincrease in the number of firms has exactly the opposite
effect to an increase in the number of stolen sub-markets by dtatthg firm: For a

givenm, the reference—point distribution puts more mass on smastiétdiferences if the

3%For this updating behavior the observability of prices isctal. In contrast to this, consumers in
Heidhues and K&szegi (2008) cannot adjust their referpaire to price deviations because prices become
observable only after forming their reference point.
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number of firma increases. Here, the chance of beiftfgeted by a price cut of a single
firm simply washes out if the total number of firms increasetheout bound.

The probability of buying from the deviating firm Zprobability of facing purchase
price py) is >‘q in the duopoly and generalizes t&iﬂn in the n-firm case. The intuition
for this mirrors the one just given above: If the number of imses, consumers are less
likely to be dfected by a price cut of a single firm. Using the generalizedresfce—
point distribution in both dimensions, we can derive a galiwed demand function for
symmetric markets with firms. Consider, for instance, the indirect utility funetgof

a consumeix who has learned to be located in sub-mankefwith m even) which is
the sub-market consumers ex ante expected théf@neint loss-averse consumer to be
located ir@ given prices p; < p*). Moreover, suppose this consumer is the fifgtent
loss-averse consumer on this side of the cirgle; >‘q € [(m-1)/2;m/2]. Then, her
indirect utility if buying from the deviating firm 1 can be engssed as follo

S+

At % % A+ 2Xl *
ul(xl’pl’p’-“’p) :V_txl_p1+ 1_T (p _pl)

(m-2)
_”E)A 2

_()”“q
—/lt(fol R - 95(n- (m-2))ds

&
K- s)gds)

1/2 R 2
+f (X =9=(n—(m-1))ds+
1 n 1/2 n

~Gi-)

5 25¢\ A, s 5
=v —tX — py + ( - T) T (-8(%)% + 4(m+ )X — (M- 1)m+n)).
It can be seen that the irftkrent loss-averse consumer faces only a gain in the price
dimension (last term in the first line) when purchasing thredpct of the deviating firm.
In the match—value dimension she faces the maximum lossr{de&nd third line). If
buying from firmi + m/2 instead, her indirect utility equals
m-2 . 2%,
2o —a( )(p - p)

-1
n

Uremy2(RE, Pr Py ooy P =V = t(1 = (%] —

4Owe use this latter condition here, since, as we show latenythpping fromAp = p* — p; € R into
me [2,3,...,n—1,n]is not a function but a correspondence—i.e., for givengditferenceAp, there may
exist several personal equilibrfq within different sub-markets.

41Compare the indirect utility function fan = 2 in the proof of Lemm&Z1 and consult Section 2 for a
detailed exposition of the utility function with referendependence.
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-(-2) .
—/ltfo (1- G- M= 2))— 95(n- (m-2))ds

1/2 . (m )
+t(f1_(§;_@)(s_(1_(xl‘ N~ ( —(m-1))ds

xI R
(s—-(1-(xx -

1/2
(m-2)
2

(m 2)

Mds
()
p —/1( . )(p — P1)

+ %(4(2 = (A= DX + 4(((A - D - Dm+ n)k;

=v—t(1- (X -

+(1-(-2n)m-2n-1)m+ n),

with n = ((n — m) + 2). Here, the indferent loss-averse consumer only faces a loss
in the price dimension but losses and gains in the taste dilmen-cf. the proof of
Lemmalll wheren = 2. By settingu; = Uy,m/2, We can solve the consumers’ personal
equilibrium and determing; for givenn and given that ex ante consumers expect
[(m-1)/2;m/2] for given priceé Firm 1's demand from loss-averse consumers in even
sub-markem, q.(Apim,n,8 = 0), is then characterized by:qZ/n. Firm 1's demand for

odd sub-markets can be derived analogously.

To analyze whether deviations to sub-marketsn > 3, are profitable, we first consider
consumers located on the boundaries of the sub-ma&g@ts,l, 3/2,...,(n—=1)/2,n/2.

For fq being an integer, firm 1 attracts consumers up to the locati@competing firm,
while for f(* = j+1/2, ] € N, it also attracts the entire backyard market of competitor
j. As is known from the standard Salop oligopoly, the pricéedences forx+ = jand

X; = ] +1/2 coincide. This means that firm 1's demand has a discontsjwup of
size /2 - 2/n = 1/n at this price diference. It can be shown, however, that despite this

420 = Uy — Up,my2 is equivalent to
0 =((n —m)+ 4)(a St (]2 - ( (A= 1)m+ 1+ 3)n— (A - 1)m=3)m)t — 2(1 — 1)Ap) &
+ %(SnAp +0t((4 - P + A+ 4m—1) - (L - Dm((m - 3m+ 1)t).

We do not present the functional form ﬁI(Ap|m, n) here for two reasons. First of all, it is lengthy and
tedious to derive, ag; — Ui.m2 = 0 describes a quadratic equationfdp Secondly, since we are mainly
interested in deviations to the boundaries of a sub-markete can fiqu at (m-1/2) orm/2 and solve
for the corresponding priceftierenceAp.
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feature non-local deviation are never profitable in thedadath Salop model. To check this
in a world with loss-averse consumers, we next derive théatlen price diferences for
>“q =1,3/2,...,(n—1)/2,n/2. For a deviation covering an even number of sub-markets
(resp. an odd number of sub-markets= m-— 1), replacefq iN Up — Upympz = 0 bym/2
(resp. (n— 1)/2) and solve forAp.

(2(1 +Dm— (14— 1))n + (1= 1)m-1)m

Ap®®(m,n) = 20— Dm+en t, mevenanch>m> 2,
» (2(4 +)Nn—(1— 1) — 1))(m _1)
Ap°“Y(m', n) = 20— Dm + 8n t, m' odd andh > m' > 3.

It can be shown that both deviation pricéfdrences are increasingmmandn. The first
implication of this is very intuitive: For a given number ofrffisn, attracting consumers
on more sub-market® requires a larger price fierence—i.e., a larger price cut by the
deviating firm. Secondly and more interestingly, if the nembf firmsn increases, a
larger price cut is necessary to steal a given number of saketsm. The intuition for
this is that, for a larger number of firms, consumers expebgettess often féected by a
certain price cut of a single firm and, therefore, expectrtbgquilibrium taste dference
to be low. This increases the loss in the taste dimensiorhfiset consumers who ex post
happen to buy from the more distant deviating firm, and thikesat more dificult for
the deviating firm to steal a large share of the market. Cendat example two markets
withn = 3and 5, § = 3,t = 1): Ap*¥®12,3) = 19/20 < Ap*N2,5) = 33/28 <
Ap®eN4,5) = 7/4. Similarly, Ap°®9(3, 3) = 5/6 < Ap®34(3,5) = 9/8 < Ap°¥4(5, 5) = 8/5.

It can also be seen here that the pricBalence necessary to steal the entire backyard
sub-market of a competitor is lower than the one necessastetd consumers up to the
location of this competitor—i.e Ap°®d(m + 1,n) < Ap®®(m,n). This demonstrates a
violation of thelaw of demandvhich is caused by the fact that consumer’s indirect utility
functions if buying the cheap or the most-liked product aeerdasing in consumer’s
locationx on odd sub-markets. Hence, to describe a personal equi‘rinbﬁ{ must be
decreasing iM\p on odd sub-markets. This makes deviations under which thiatileg
firm steals an odd number of sub-markets particularly ptagtaas will be shown in
the next paragraph. In the example, the demand of the degiftm is given bym/2 -
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2/n = m/n and the corresponding markup in symmetric maximal equuiibrequals
m*(3) = 3/2 andm*(5) = 5/3. This illustrates that the deviation pricefdrence might
become larger than the maximal equilibrium markup if the bamof firmsn and the
number of deviationan become sfiiciently large: In the example we find*(5) = 5/3 <
Ap®eN4,5) = 7/4. Therefore, those kind of deviations generate lossehéodéviating
firm and are, therefore, never optimal.

We next evaluate whether there exist profitable deviatioos the symmetric maximal
equilibrium withn > 2 firms andA < 1° = 1+ 2V2 ~ 3.828 (compare Prof.] 6). The
maximal equilibrium profitz*(n), can be expressed by

ey 1 A+t
7 () =M n (A-1+2n)
with the maximal equilibrium markupy(n), being derived in Sectionl 4 (cf. equation

(@17)). The deviation profits for even and odd deviations areakto

7%*(m, n) :(m*(n) — Ap®®m, n)) . %

2°%9(nT, ) :(m*(n) — AP, n)) - %

Deviation profits change monotonouslyiandm: 7°4%m, n) andz®"®(m, n) are monotonously
decreasing im andm. This is shown in Tablgl6, where we restrict attentiomte A°,
the highest level of loss aversion at which a symmetric makiequilibrium exists for

n = 2. For smaller levels of loss aversion with> 1 deviating is less profitable, but the
monotonicity inn andm is preserved. The table illustrates that deviating becdesss
profitable if the number of firma in the market increa@and that within the class of
odd (resp. even) deviations stealing a small number of satiketsm is preferable to
stealing a larger number of sub-markets. Moreover, it isdeg that for a given number
of firms n stealing an odd number of sub-markets = m+ 1 is more profitable than
stealing an even number of sub-marketsThus, the deviation profit is highest in a three-
firm oligopoly when the deviating firm steals the entire mafke= 3). Note thaim =1
can be excluded sinc&p®dd(1, n) coincides withAp*(n) = 0, the symmetric maximal

43This also implies that non-local deviations in the home ratifi = 2), as considered in the duopoly
case, are less profitablerifraises.
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Table 6: Deviation profits with firms

The table shows the variation 899(m, n)/t andz'*{m, n)/t in n and
mfor A= 1°=1+2V2 (andB = 0).

m 2 3 4 5 6 7 8
0.7071
0.4676 0.8360
0.3400 0.5877 0.3694
0.2624 0.4373 0.1444 0.3506
0.2111 0.3388 0.0096 0.1418 -0.1676
0.1751 0.2705 -0.0750 0.0060 -0.3607 -0.2384
0.1486 0.2211 -0.1296 -0.0851 -0.4861 -0.4151 -0.7769

O~NO 01 WN S

Table 7: Extra profit from deviating

The table shows the variation of%¢%(m, n) — 7*(n))/t and @*'¢(m, n) —
7*(n))/tin nandmfor A = 1° = 1+ 22 (andg = 0).

nim 2 3 4 5 6 7 8

2 0

3 -0.0793 0.2891

4 -0.1059 0.1418 -0.0765

5 -0.1139 0.0610 -0.2320 -0.0258

6 -0.1145 0.0131 -0.3160 -0.1839 -0.4932

7 -0.1118 -0.0165 -0.3619 -0.2809 -0.6476 -0.5253

8 -0.1078 -0.0354 -0.3860 -0.3415 -0.7426 -0.6715 -1.033
equilibrium.

To identify the deviations that are the most critical fors&nce, the dierence between
deviation and maximal equilibrium profit are presented ibl&&l. By construction,
7®eN2,2) = n*(2) ata = A° (cf. Prop. [6). It can be seen that there exist profitable
deviations from symmetric maximal equilibrium far= A°. However, only deviations
stealingm = 3 sub-markets are profitable if the number of firms is not tagda-i.e.,

n € {3,4,5,6}. More generally, this can be shown by solving for the critrmamber of



CoMPETITION UNDER CONSUMER L 0SS AVERSION 67

firms n°49(m, 2) in 7°99m, n) — 7*(n) = 0 with n°dm, 1) being the only positive solution.

(A +mm+ /(M2 + 2(3(M-2)m+ 4)1 + (M- 2)(M+ 6)m+ 8)m

n°%(m, 2) = (1 - 1) 4(2 + 1)(m - 2)

Deviating is profitable for gived, m, andn if n < n°®(m, 1) andm < n. Moreover,
n°4d(m, 1) is strictly decreasing imfor n°(m, 1) > mand strictly increasing in. There-
fore, m = 3 is the most critical deviation and profitable for< n°9(3, 1°) ~ 6.3890. A
critical n can be derived for even deviations analogously. We skipdtep here since
even deviations are dominated by odd ones. To rule out dengafrom symmetric max-
imal equilibrium for alln > 2, the maximum degree of loss aversibhas to be below
A°=1+2V2~3828.

Before stating the conditions for symmetric maximal edpilim to exist, we return to
the issue of multiple personal equilibria for given pricBsceAp®id(3, n) < Apee12,n),
consumers facing a priceftérenceAp = Ap°Y(3, n) between the deviating firm and non-
deviating firms could expe&[ to be located either on the second or the third sub-market
(on the first half of the circle). Expecting = 3 rather thamm = 2 givenAp = Ap°94(3, n)

is preferable for the deviating firm because it receivesietlsttarger market share, but it
is not necessarily preferable for consumers. For instarmesumers who do not buy the
lower-priced product will ex post experience a higher losthe price dimension since the
probability of low purchase price increasesin®4 Therefore, the deviations considered
above use the most conservative personal equilibrium alncedéne strictest conditions
for a maximal equilibrium to exist.

Lemma 10. A symmetric maximal equilibrium with n firms and pricegnp = m*(n)+c =

(L + )nt)/(A = 1+ 2n) + ¢, exists if n> n°99(3, 1) with 1 > 1.

The derivation ofn®d9(m, 1) and the relevance af*99(3, 1) is provided in the text. We
finally provide a proof of Propositidd 6.

Proof of Propositioi 6. #9(3, 1°) ~ 6.3890. Thusn = 2 orn > 6 sufice for existence at

A = A°. Maximal equilibrium existence holds ford 1 < A€ sincen®¥d(3, 1) is increasing

44Cf. the concept of (consumer’s) preferred personal eqiilib of [K&szegi and Rablin_(2006) and
Készegi and Rabin (2007).
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in 1. Existence fom € {3,4,5, 6} follows from the same propertyn®®43, 1) = 3 for
A= 2% =1/4(1+ V57) ~ 2.137. O

Hence, existence in the duopoly case carries over toiren oligopoly case for sfii-
ciently largen. For symmetric markets with a small number of firms, howeweximal
equilibrium might fail to exist for intermediate values.b{1 < A°).

D Appendix: Demand in n-Firm Oligopoly

In this appendix we first specify utility functions for anyoter of prices. We then derive
demand for price vectors such that one firm deviates from sgtmerprices. To obtain
the two—dimensional reference—point distribution of {@sgerse consumers, suppose that
the price vectop = (ps,..., pn) is such that any sub-market between two neighboring
firms is served by only these two firms—i.e., the maximum pdi¢erence between any
two neighboring firms is not too large in absolute te%s‘l.’he rank order of the price
difference Ap’ = pi.1 — pi, and distance between firimand her indiferent loss-averse
consumer on the righ&" -y, = X" — (i — 1) € [0,1], are identica@ This holds true
since the reference comparison induced by reference-depeuatility is, by construction,
rank-order maintaining. For example,gf = pi.1 (Ap; = 0), then>2<i+ -(i-1)=1/2 (by
symmetry), while>:<j+ -(J-1) > 1/2if p; < pj«1 (Ap; > 0). The reference—point
distribution in the price dimensioif,(p), is the probability that the equilibrium purchase
price p* is not larger tharp. Recall that due to consumers’ initial taste uncertairitg, t
equilibrium purchase price is not known when consumers thiir reference point, even

though firms’ prices are already disclosed. Under the umifdistribution ofx, we obtain

Fp= Y, BoX) (40)

iefilpi<p}

4The case in which a single firm serves several sub-marketssidered in Sectidn]C in the Appendix.
“éNote that the indekfor Ap’ is modulon—i.e., Ap; = p1 — pn.



CoMPETITION UNDER CONSUMER L 0SS AVERSION 69

We next define the distancesbetween an indierent consumer’s location and the loca-
tions of her two neighboring firnis,

X —(i-1), if j=2i—1;

Vje({l,..2n}: P = .
Jel } Z‘ 1-R - (-1). if j=2i.

(41)

Distanceg; can be ordered by rank. Lgtk] describe thekth smallest distance ifz,-}fgl
and #¢[K]) the number of distances of si@k]. o(X) describes consumets pur-
chase decision (pure-strategy personal equilibrium)clwhequires that, for given prices
p, consumers correctly anticipate the locations of theffedent consumer&ﬁ}{‘zl. The
reference—point distribution in the taste dimensiG(s), is the probability that the equi-
librium taste diference between the consumer’s ideal tasted the taste of the purchased
producty,( is smaller thars—i.e., G(s) = Prob(|x — y,y| < s). We obtain,

2s, se [0, Z1]];
252D 4 g, se (41]. Z2]];
_yk i .
G(s) = | 222D 5 se (K, Ak + 1] (42)

-y #(E )]
25% +ak.1, se (@K -1],4K]l;

ax =1, se (K], 1].

with {a}[; being the required constants for the{1)-times kinked, piecewise linear cdf.
If all prices are the same, then consumers expect to buy fieimdlosest firm ex post with
probability one. The distribution of the expected tastéedence G(s), is not kinked in
this case and approaches the uniform distributkdn: 1 andG(s) = 2sfor s e (0,1/2].

If there are two or more ¢lierent pricesp; in the market, then there are at least two

different distances. For small realized tasteftierencess € [0, Z[1]], consumers expect

4’Note that mafz,_1, 2} represents the maximum tastéfdience consumers located between fiand

.....

acceptable tastefiiérence in the entire market and corresponds to the largestdifference between two
neighboring firms.

480bviously, if there are no ties between pricéeliences and between distances, thefk}j(= 1 for all
ke{l, .. K}andK = 2n.
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to buy from their closest firm ex post and, th@&s) = 2s. For a larger taste fference,
however, consumers anticipate that they will be attractigd positive probability to the
more distant, cheaper firm ex post. For this to happen, gwe(g1], Z2]], the realization

of x must be sfliciently close to the more expensive firm in the sub-markeh \thie
largest price dterence. Let, for instancap;” = pi.1 — p; be the (unique) maximum price
difference for giverp. Then, the indterent consumerfq*, in this sub-market is more
closely located to the high-price firm+ 1 (yi,1 = i). Moreover, the distance between
firm i + 1 and the indferent consumex is the smallest distance in the entire market—
e,V - X =i-% =1- (X - (i—1) = 41]. Thus, if the realization ok lies

in the interval {1 — 72], fq*], the consumer will be attracted by the low-price firm
Therefore, the consumer will not buy from her closest firmdguaigbrium. This means
that fors € (1], Z2]], only 2n — 1 sub-markets are relevant for the probability of facing
sandG(s), therefore, equalss2n — 1)/2n plus a constant. This argument carries over
to all se (4k], 4k + 1]] with 1 < k < K < 2n. G(s) shows up to & — 1 kinks if theren

distinct price diferences in the market.

Consider the indirect utility functions of a consumer wha tearned, after forming her
reference—point distribution given prices, that her idaatex lies in the sub-market be-
tween firmi and firmi+1. Suppose further that this consumer is thefiiedént loss-averse
consumer on this sub-market—i.&.= ?(,* € [i — 1,i]. The consumer faces a distance of
>:<i+ —(i—1) =2z tofirmiand 1- z_; to firmi + 1. Her indirect utility if buying from

firm i can be expressed as

(X =%X,p) =V-tzii-p

SEVEDY pop)r Y S py)

jetilpj=pi} jetilpj>pi}

o(-a fo * 2pr - 9dG(9 +t | (s 221469,

2ji-1

*T

~—>ﬁ)>
>
+
|
I

where the first line describes the consumer’s intrinsigtytitom producti. As in the
duopoly modely represents the common reservation value for one unit of angugt,
andt scales the disutility from distance between ideal and &tasée on the circle. The

first term in the second line shows the loss in the price dimoarfsom not facing a lower
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price thanp;, while the second term in this line shows the gain from noinig@ higher
price thanp;. The two terms in the third line correspond to the loss (giom not facing
a smaller (larger) distance in the taste dimension ISAtITan (i—1) = zj_1. If buying from

firm i + 1 instead, the indlierent consumer’s indirect utility is

Uis1(X = >g<i+, p =v-t(l-2zi1)- P

A A
A A_

+(—/1 Z Lnxj_)(piﬂ_pj)"' Z %(pj—pm))

jelkipkspir1) jetkipk>pi+1}

+ ( ot fo 1 2) - 9AG(S 4 ¢ f

(1-2zi-1)

1

(5- (1~ 22-1))dG(S))

By settingu;—u;,; = O for alli and solving for{f(i*}{‘:l, we determine the locations of indif-
ferent loss-averse consumers (consumers’ personal ledgiilfor any giverp (provided

that a solution exists).

Since the focus of this paper is on symmetric firms and symagtice equilibria, we
can restrict our attention to prices that are the same fdiras but one. The variation in
the price of one firm is required to determine the symmetrigldagjium prices in stage
1 of the game. Lep; # p’ be the price set by firmandp; = p’, j # i, the price of
other firms in the market. By symmetry, the location of fiielient consumers in any sub-
market with zero price diierence lies exactly in the middle between the two firms on this
sub-market—i.e.}?j+ —(j = 1) = 1/2. The location of indferent consumers in the two
sub-markets around firmnis further apart from firm than /2, if firm i has set a lower
price than any neighboring firm—i.e — (i — 1) = (i — 1) - % > 1/2 for p; < p'—and
vice versa if firmi has set a higher price than any neighboring firm. In the fahgw
lemma, we solve for the location of the irfidirent consumek* as a function of the price
differenceAp = p’ — p; > 0, conditional on the number of firmsin the market. In an
abuse of notation, Iezq* depend on the size of the price deviatidp and the pricg’ that

is set by all other firms, i.e0 = (p/, ...., P’, Pi, P> ... ).

Lemma 11. Suppose thaﬁi+ el[(i-1)+1/2i],p <p,and p = p forall j # i
Moreover,A > 1. Thenfq*, as a function of the price flierenceAp = p' — p; € [0, Ap]
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given the price vectop = (p', ..., P, pi, P, ..., P), IS

4 3n+2) 2Ap

A-D0+2) nn*2) nnxax AP @3

Rapp) = -1+

where

(=17 -Ap? = (A - 1At- Ap+ (1 + 2)?n2t2

S(Ap) = \/ (L= Dn(n+ 22

with A = (2(1 - 1) + n(31 + 2n + 5)) and Ap being the upper bound a&fp for which the
square root SAp) is define

From the general form oﬁ,*(Ap, p’) in Lemmal1l, we can derive the demand of loss-
averse consumers for a price decrease offif{Ap, p'): Using the uniform distribution
of x and symmetry we obtain

X (Ap.p) - X (Ap,p) _ 2
n n

2 , 2 nN 2

%(Ap, p) = (>¢(Ap, p) - (i - 1)) ="z (44)
In the proof of Lemm& 11, we make use of the fact that theret exity two indifferent
consumers whose locations aréfeient from ¥2, the indiferent consumers to the right
and the left of firmi. Since their locations are symmetric, ittBces to solve a system of
one (quadratic) equation and one unknown—i.e., to sglveu;,; = 0 for fq* Fora — 1,

U — Ui;1 = O collapses to a linear equation afq*c(Ap, p’) shows a much simpler form.

Proof of Lemma&_11We rewrite the indirect utility functions for the iniérent consumer

to the right of firmi and solve for her location (personal equilibrium).

Since the price dierences in the sub-market between firm 1 and firmi and in the

one between firm and firmi + 1 are the same—i.e., the tastéfdiences which the two

“Forx e [i — 1,i], consumeix’s personal equilibrium (determining her product choiceesir(x, Ap) €
arg maei 1) Uj(x. pj. p-;)) is described by

i if x € [yi, X (Ap, P)].

7O AR {i +1 i xE (R (AP P). Vit
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indifferent consumers of firface are the same—we haxe— (i — 1) = (i — 1) - X
We, therefore, can simpliff — X~ in F(p) to 2(%" — (i — 1)) or, equivalently, to 2; ;.
Furthermore, using that; = p’ for all j # i, we obtain that

223j-1

if pelp,p
Fpy =1 " pelp,p)
1 ifp>p.

A price deviationp; < p’ implies thab:q* —(1-1) = ;-1 > 1/2. Thus, the smallest critical
taste distance in the market exists betwéerand firmi + 1 (and betweerk; and firm

i —1). This distance is equal to12z,;_;. The next larger critical taste distance is the one
in sub-markets with symmetric prices. Itis equal @ 1Finally, only the consumers that
will be attracted by firm ex post face up to the maximum critical taste distance wlsch i

2j-1. Hence G(s) can be rewritten as

2s if se[0,1-2;.4]
G(s) = ZSn;nl +ay ifse(l-2j, %]

2st+a, if se (3,24l

1-275i_
whereg, = —22

22y . . .
anda, = (1 - =2=). Using the properties of the reference—point
distributions, we rewrite the indirect utility function$ consumers buying from firmor

i+1,

2 , 27, , At
WXL P) =V tzaa - Pk (L= =) - ) + - (824 — 4R+ M)zas + 2+ 1)
A , , 22 i— /
Ua(X,p) =v—tl-2zi1)-p - /l%(p - p)
t
*n (n ((222i—1 — 1) - 4A(25i-1 - 1)2) +2(22i-1 - 1)2)-

Next, we determine the location of the ifigirent loss-averse consumer by setting:

ui.1. Rearranging leads to the following quadratic equationin,

40— 1N+ 2t 2, + (8(/1 —DAp—4@n+ (20— 1)+ (31 — 1)n))t) 2oy

+{4@nap+2( - i+ (4+ (51~ )nt) = 0
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Solving this quadratic equation w.r4;_; and addingi(- 1) leads tc»:q*(Ap), the expres-
sion given in the lemma. The second solution to the quadeati@ation can be ruled out

because it does not lie in the intervaj P11]. |

E Appendix: Noisy Signals

In this appendix we modify our benchmark model and postuleteex ante all consumers
are identical. Suppose that consumers receive a sigatabut their location ex ante. Let
r be equal to the true ideal tastavith probabilitya and be noise with probability 2 a
which is uniformly distributed on the circle.

E.1 Certainty Case

If the precision of the signalis equal to 1& = 1)—i.e., if consumer know their location
ex ante for sure, we are back to the situation in which conssiare perfectly informed ex
ante. Here, a consumer’s initial plan is the only deterntimdiner reference point. This
raises the issue of multiple personal equilibria (PE) (selevi)) which can be resolved
by focussing on consumer’s preferred personal equilib?iRE) (from an ex ante point
of view). In Proposition 3 oh_lsé_sz&gj_and_liak) n (2006) it lown that, in the PPE of

an environment without uncertainty, consumers expect tmsé the alternative which

maximizes their intrinsic utility with probability one. lour model, they simply behave
like standard Hotelling consumers: they buy from firm X i [0, X(Ap)] and from firm

2 otherwise.

We next derive a set of personal equilibria that will be us&u analyzing the uncer-
tainty case in the next subsection. There exists an intgx¢ap), X(Ap)] including X(Ap)

in which any element can be supported as a PE given corresppexpectations of con-
sumers ex ante. For instance, consider a consuwnaho ex ante expects to buy the
cheaper product 1A(p > 0) with probability oneg- = 1. This means that the probability
of paying pricep, and buying product 1 is zero. Her indirect utility when buyproduct
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1 ex post equals,
Up(Xe, P1, Palo = 1) = v —tXg — pr. (45)
Ex post forx, > 1/2, her indirect utility when buying product 2 instead equals
Up(X1, P, Polom = 1) = v=t(1 - Xq) — p2 — AP+ t(X1 — (1 = Xp)). (46)

Note that, atx; = X(Ap), the consumer would buy product 1, sinke = u, — u; < 0.
Buying product 1 for sure reflects her PPE. The maximal locedit which a consumeg

would buy from firm 1, however, is given bW = u, — u; = 0 and is equal to

f(apo=1)=Ar1ap 1

2 2t 2 (47)

Note that the maximal location for buying from firm 1 is lardgkean the location of the
indifferent Hotelling consumer, i.ex(Aplo = 1) > Ap/(2t) + 1/2 = X(Ap). We define
X(Aplo = 1) = X(Ap). Thus, buying from firm 1 with probability one is a PE for all
consumers; € [0, X(Ap)].

We turn to the more general case in which a consuméolds the initial plan to purchase
from firm 1 with probabilityo, o € [0, 1]. Her indirect utility when buying product 1 ex

post equals,
W (X, P P2lo) =V=1X = Pr + AP(1 - 0) = A% — (1= %)) (1 -0)  (48)
Her indirect utility when buying product 2 ex post equals,
U2(Xer, P1, P2l0r) = V= (1 = X5) — P2 — AApo + (X — (1 - X))o (49)

Au = 0 yields the following location of the inffierent consumer,

(A-1Lc+2 Ap 1
A-1DA-0)+22t 2

X(Aplo) = (50)

For o = 0, the minimal location for buying from firm 2 is lower than tloeation of the
indifferent Hotelling consumer—i.ex(Ap|o- = 0) < Ap/(2t) + 1/2 = X(Ap). Defining
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X(Ap) asX(Aplo = 0), determines the interval in which multiple PE can exisbr -
stance, buying from firm 2 with probability one is a PE for @hsumersc, € [X(Ap), 1].
Thus, there exists an overlap ir(Ap), X(Ap)] with the set of pure-strategy PE of buying
from firm 1. This means that irx[Ap), X(Ap)] any pure—strategy PE (buying from finm

i € {1,2}) can be supported by corresponding initial expectations.

For anyo € [0, 1], there exists a mixed-strategy PE for a consumer located a
X(Aplo). It follows from (B0) that firm 1's demand is equal to that imetstandard
Hotelling case foro- = 1/2 (or 4 = 1). Buying from both firms with equal probabil-
ity is a mixed-strategy PE for a consumer locatedyat = X(Ap) for all Ap > 0 such
that X(Ap) € [0,1]. We will return to this PE in the next subsection when weaddtice

uncertainty.

E.2 Uncertainty Case

If a < 1, consumers face some exogenous uncertainty when regeivéignalr: with
probability 1— a their location is uniformly distributed on the circle. Caomsers form
rational expectations about their ideal tastdter receiving their signal The probability

of buying from firm 1 ex post is equal tar + (1 — a)X(Apla, o), whereX(Apla, o) is
the location of the indferent consumer given precisi@nof the signal and consumer’s
strategyo to buy from firm 1 witha, o € [0, 1]. For a consumer whose signal is close to
zero (the location of firm 1)y = 1 is optimalva, while the opposite holds for a consumer
whose signal is close to one (the location of firm 2). To deieenthe cutd, we will
consider the consumer Iocated%Ap|a,cr = 1/2) who is indtferent between choosing
product 1 and 2.

For p; < p., we receive the following indirect utility for the generadiifferent consumer,
x = X(Apla, o), who received signat, = x, when buying from firm 1 ex post:

W(R X prpala o) =(v-tR-py) +Apa(l- o) + (1 -a)(l - X))
1-% %

—/l-t( (X- 92(1- a)ds+ )A(A(?(—s)(l—a)ds
0

1-x

+al-o)&-(1- ﬁ))). (51)
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Analogously, the general inlerent consumer’s indirect utility from a purchase of praduc
2 is given by

Up(X X, p1, Pl o) =(v—t(1 - X) — ps) — AAp(ac + (1 - a)X)

Y t( fo 14((1 ~ %) -92(1- a)ds) it iﬁ(s— (1- )1 - a)ds

1-x

+tac(X - (1 - ). (52)

Solving for the location of the general ifférent uninformed consum@r which is im-
plicitly given by Au = 0, yields

5 _20-a(l-1)(c+1) Ap
X(Apla, o) = 20-a0-1) 4 S(Apla, o), (53)

where

(54)

AP @U+2)-a@-1)A-o)Ap  ((1+1)+ar(1-1)
S(Apla o) = \/1&2 B 41— a)(1- 1t A apa -1y

andAp > 0 but suficiently small. It follows from[5B) thatyo, X(Apla, o) converges to
X(Ap) if a > 0—i.e., if there is pure noise. Note th&fApla, o) is increasing in- and
thus,X(Apla, o = 0) < X(Apla,o = 1/2) < X(Apla, o = 1). This means that consumers
who expect to buy from firm 1 are more likely to buy from firm 1 edspand vice versa.

We next consider the PE in which consumers use theficktapla, o = 1/2) to evaluate
their initial signal. Note that this cutbconverges tx(Ap) for a — 1 In this PE all
consumers who received a sigmak [0, X(Apla, = 1/2)] expect to buy from firm 1
with probability o = 1 if the signal is correct, while consumers who received aalig
r € (X(Apla, o = 1/2), 1] expect to buy from firm 1 with probability- = 0 if the signal is
correct. In case their signal turns out to be incorrect, soress who expected to buy from
firm 1 with probability one (resp. zero) buy from firm 1 with pability X(Apla, o = 1)

50Cf. equation[{BD) in the previous subsection. By continiritg, we receive that convergencexg\p)
is a property which is also satisfied by the diitof the PPE. In the following, we will use the ciifo
X(Apla, o = 1/2) fora < 1 instead of the cutdof the PPE since the derivation of the latter is analytically
intractable as it requires the maximization of consumeqgeeted utility at the initial stage over this ctito
for all possible signals and all possible realized matches
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(resp.X(Apla, o = 0)) depending on the realization of their true match value.

It can easily be shown that the clit&(Apla,o- = 1/2) is monotonous in the precision
a. This means that(Apla, o = 1/2) is either monotonously increasingarif Ap > 0 is
small such thak(Ap) < X(Ap) or monotonously decreasing &if Ap > 0 is suficiently
large such tha¥(Ap) > X(Ap)—see Figuréll.

The corresponding demand of firmdu(Ap, a) equals,

X(Apla.1/2) X(Aapla.1) 1 X(Apla,0)
(A, a) :f (a+(1—a)f ds)dr+f ((1—a)f ds)dr
0 0 X(Apla1/2) 0

~ak(Apia, 1/2) + (1 - a) (APla 1/2)%(Apla, 1) + [1 - KApia, 1/2)]X(Apia. 0))
(55)

Since by constructioX(Apla, 1/2) converges tox(Ap,1/2) = X(Ap) for a — 1 o)
doesq,(Ap, a). The symmetric equilibrium markup for a demandgApla, o) can be
calculated as

2@+ D-(-Tant (56)

P&.) == 3y (1 Dar — 1)~

It follows that the symmetric equilibrium markup for a derdasf X(Apla, 1/2),
p'(al/2)-c=(2(1+1)-(1-1)at/(1+3)

which is decreasing in precision of the sigaall' his symmetric equilibrium markup is an
upper bound on the corresponding markup for denip, a); see Lemma12 below.
(Note thatp*(0,1/2) — c is equal to the markup formula ibl(7) apd(1,1/2) - c = t.)
This yields monotonicity of symmetric markupsarand thus robustness of our results in
symmetric settings to the introduction of noisy signalsahhilecrease the uncertainty of

uninformed, loss—averse consumers before they form tbfgrance point distributions.

Lemma 12. In symmetric duopoly, the markup for a demandk@tpla, 1/2) is weakly

5IMore precisely, the solution afu(c = 1/2) = 0 converges tx(Ap) for a — 1. In the limit Au(o =
1/2) = 0 becomes a linear equationxf ~
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larger than the equilibrium markup for the demand with nasgynals g(Ap, a) for all
ae|0,1].

Proof of Lemma2 Applying the markup formula for symmetric duopoly iD (8,1, (@) >
my,(a), for all a € [0,1], is equivalent toX (Ap = Ola, 1/2) < q;(Ap = Ola), for all
a € [0,1]. It follows from (53) thatk(Ap = Ola, o) = 1/2 for all o € [0, 1]. Using this

fact, the first derivative ofj;(Ap, a) w.r.t. Ap atAp = 0 can be expressed as

dh(Ap = Ola) = aX(Ap = 0la, 1/2) + (1 - a)(%(i'(Ap =Ola, 1) + X (Ap = Ola, 0))) vae[0,1].

Then,q;(Ap = Ola) is weakly larger tharX'(Ap = Ola, 1/2) for all a € [0, 1] if and only if
%(?((Ap — 0ja, 1)+ X(Ap = Ola, 0)) > X(Ap = Oja, 1/2).

Using (53), the previous inequality can be transformed to

2(1-12((3-a1+5+a)

B+ D)(A-aiirau2+ar 0 racld

This inequality is always satisfied which completes the proo O

However, even though the initial cff&k(A pla, 1/2) is monotonous i, we cannot rule
out that the resulting demarg(Ap, a) is non—monotonous ia. An example is illustrated
in Figure[10. The reason for the non—-monotonicityaiis that consumers who receive
a signal in favor of buying from the mordfeient firm with a very high precisioa are
locked in into buying from that firm due to a high expected gaithe price dimension.
Hence, they will not “switch” to the lesdi&cient firm even though the initial signal turns
out to be incorrect and consumers’ true match value strofagtyrs the latter firm. This
boosts the demand of the morgi@ent firm for very precise signals. While the non-
monotonicity does notffect qualitatively our results in a symmetric setting, it nvesfl
affect them in asymmetric duopoly.
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The cutdfs >:((A|0|a,ﬂl/2) (which defines whether the initial signal is in favor of uy
from firm 1 or 2),%(Apla, 1) (if the initial signal in favor of buying from firm 1 was
incorrect), andk(Apla, 0) (if the initial signal if the initial signal in favor of bugpg
from firm 2 was incorrect) as a function of the signal pregisador given price dif-
ferenceAp = 0.2 (which is stificiently small such thak(Ap) < X(Ap)) and1 = 3;
X(Apla=0,1/2) = X(Ap) = 0.6060 andk(Apla = 1,1/2) = X(Ap) = 0.625.
Figure 10: Noisy Signals: Cufis for Small Price Diference
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