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Abstract

Suppose consumers are loss-averse and fully informed afatich value and price
at the time they make their purchasing decision. A share n$wmers is initially
uncertain about their tastes and forms a reference poirgistorg of an expected
match value and an expected price distribution, while tierotonsumers are per-
fectly informed all the time. In a duopoly with asymmetricniis, we show that
firms’ prices exhibit more price variation the larger therghaf ex ante uninformed
consumers. Furthermore, firms may price more aggressivesuch a case. We
also derive implications for firm strategy and public pol@ncerning the firms’ in-
centives to “educate” consumers about their own tastesadticplar, we show that
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1 Introduction

Consumer information about price and match value of pradisch key ingredient in
determining market outcomes. Previous work has emphasiieerble of consumer in-
formation at the moment of purchaséf consumers are loss-averse information prior to
the moment of purchase matters: Product information playsaortant role at the stage
at which loss-averse consumers form expectations abaweftitansactions. Our analy-
sis applies to inspection goods with the feature that coressimeadily observe prices in
the market but have to inspect products before knowing thtelmalue between product
characteristics and consumer tastes.

Loss-aversion in consumer choice has been widely documhenta variety of labora-

tory and field settings starting with Kahneman and Tversi87@). Loss-averse con-
sumers have to form expectations about product performaliegostulate that, to make
their consumption choices, loss-averse consumers forimpababilistic reference point
based on expected future transactions which are confirmeduiibrium. Here, a con-

sumer’s reference point is her probabilistic belief abdwt televant consumption out-
come held between the time she first focused on the decisienndi@ing the consump-
tion plan—i.e., when she heard about the products, wasnmédrabout the prices for the
products on fier, and formed her expectations—and the moment she actuakes the

purchase?

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

Uninformed consumers, by contrast, are uncertain abouttitleal product characteristic:
they form expectations about theffdgrence between ideal and actual product character-
istic which will serve as a reference point when evaluatig@duct along its taste or
match value dimension. They will also face a gain or a losttixed to their expected dis-
tributions of price after learning the taste realizatiomc® all consumers become fully

1See e.g. Varian (1980), Janssen and Moraga-Gonzalez)(20@#Armstrong and Chen (2008).

2For evidence that expectation-based counterfactuals ftact he individual’s reaction to outcomes,
see Breiter, Aharon, Kahneman, Dale, and Shizgal (2001gvEle Madey, and Gilovich (1995), and
Mellers, Schwartz, and Ritov (1999). The general theoryxgfeetation-based reference points and the
notion of personal equilibrium have been developed by Kgiszed Rabin (2006) and Koszegi and Rabin
(2007).
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informed before they have to make their purchasing decisverisolate the #ect of con-
sumer loss aversion on consumption choices and abstrawtthe dfects of diferential
information at the moment of purchase.

In this paper, we study the competitiveexts of firm asymmetry and consumer loss
aversion in duopoly markets. Consumers are loss-averba@gpect to prices and match
value and have rational expectations about equilibriunc@uges to form their reference
point, as in Heidhues and Koszegi (2008). Firms are asynergdie to deterministic
cost diterences and this is common knowledge among the firms wherathe gtart$.
Firms compete in prices for fierentiated products. Prices are deterministic and pgssibl
asymmetric. Consumers observe equilibrium prices befmmaihg their reference point.
Note that if prices are asymmetric, uninformed consumetksfage either a loss or a
gain in the price dimension depending on which product they lHence, an (ex ante)
uninformed consumer’s realized net utility depends noy aml the price of the product
she buys but also on the price of the product she does not buy.

Our theory applies to a number of inspection good indusinieghich some consumers
form expectations before knowing the match value a padicptoduct dfers. Let us
provide some examples. First, prices of clothing and edeatrdevices are easily acces-
sible (and are often advertised) in advance while, for ieelgmced consumers, the match
quality between product and personal tastes is impossitdigticult to evaluate before
actually seeing or touching the product. A related exampleigh-end hifi-equipment
and, in particular, loudspeakers. Price tags are immddiabserved but it may take sev-
eral visits to the retailers (on appointment) or even tréleome to figure out the match
value of the diferent products under consideration—for example, becagsp!g difer
with respect to the sound they like. In these markets pakodist diferences may arise
from size diterences of producers and product-specific costs (or, adeveialour exten-
sion, from diferent ex ante observable qualityffdrences). Second, the housing market
has the feature that the price is listed (and, in some casjtnot negotiable) whereas the
match value is only found out after visiting the flat. Thirdicge information on products
sold over the internet—for example, CDs of a particular silzd concert—is immedi-
ately available, while the match value is often determinelg after listening to some of
the material that is provided online. Fourth, competingises such as long-distance bus
rides and flights are ffierentiated by departure times. Here consumers are pgréacdre

of the product characteristics ex ante—i.e.,price and dieatime—but learn their pref-

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

“4In the extension section we show that our analysis also@pfmiproducts of dierent qualities.
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erence concerning their ideal point of departure only atestater stage (after forming
their probabilistic reference point but before purchase).

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

Our second main result is that loss aversion—or, more phgithe presence of more
ex ante uninformed, loss averse consumers—may lead to lotess. Hence, the stan-
dard result that more informed consumers (or more consuwidheut a behavioral bias)
lead to lower prices is challenged in our model when firms #mengly asymmetric.
The driving force behind this result is that loss aversiorth@ price dimension has a
pro-competitive &ect while the &ect of loss aversion in the taste dimension is anti-
competitive® The pro-competitive fiect dominates the anti-competitivBest if the size
of loss aversion in the price dimension becomeaBaantly large. This occurs if the price
difference is large, which is caused by strong cost asymmeinethis situation unin-
formed consumers are very reluctant to buy the expensiveuptaand rather accept a
large reduction in match value when buying the low-pricedpicad.

This paper contributes to the understanding of tifieot of consumer loss aversion in mar-
ket environments and is complementary to Heidhues and §o&2@08). More broadly, it
contributes to the analysis of behavioral biases in magdtings, as in Eliaz and Spiegler
(2006), Gabaix and Laibson (2006), and Grubb (2008, fortiing). An important issue
in our paper, as also in Eliaz and Spiegler (2006), is the evatjve staticsféects in the
composition of the population. However, whereas in theideis this compositionfeect

is behavioral in the sense that the share of consumers wighavioral bias changes, we
do not need to resort to this interpretation, although oafyais is compatible with it: We
stress the compositiorffect to be informational in the sense that the arrival of infar
tion in the consumer population is changed (while the wholeutation is subject to the
same behavioral bias).

The informational interpretation lends itself naturallyaddress questions about the ef-
fect of early information disclosure to additional consusaeWe analyze information

SIn arelated setting to ours, Heidhues and Koszegi (2008y shat consumer loss aversion can explain
the empirical observation that firms often charge the sanoe jor differentiated product markets even if
they have dierent costs. One of the distinguishing features of our misdttlat realized costs are public
information and consumers observe prices before formieig thference point.

SNote that this is dterent from Heidhues and Koszegi (2008) where loss aversasnam anti-
competitive &ect in both dimensions.
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disclosure policies by firms and public authorities in thateat of a behavioral indus-
trial organization framework. We thus demonstrate the iptssse of behavioral models
to address policy questions in industrial organization. sketed above, our model has
the feature that, absent behavioral bias, informationaksice policies are meaningless.
Thus the behavioral bias is essential in our model to addnesg issues. In particular, we
show that private and social incentives to disclose infdionaearly on are not aligned.
We also show that the mordhieient and thus larger firm discloses information if firms
have conflicting interests.

Our analysis contributes to the literature on the economiicdvertising (see Bagwell
(2007) for an excellent survey). It uncovers the role of atisiag as consumer expecta-
tion management. Note that at the point of purchase consuanerfully informed so that
there is no role for informative advertising. However, giretonsumers are loss-averse,
educating consumers about their preferences or, alteehgtabout product characteris-
tics, makes these consumers informed in our terminologwe/&ding thus can remove
the uncertainty consumers face when forming their refergraint. This form of adver-
tising can be seen as a hybrid form of informative and pergei@slvertising because it
changes preferences at the point of purchase—this comdsyo the persuasive view of
advertising—, albeit due to information that is receivecaexe—this corresponds to the
informative view of advertising. It also points to the impaonce of the timing of advertis-
ing: for expectation management it is important to informsamers early on.

Other marketing activities can also be understood as malangumers informed at the
stage when consumers form their reference point. For instaest drives for cars or
lending out furniture, stereo equipment, and the like makesamers informed early
on. Arguably, in reality uncertainty would otherwise not fodly resolved even at the
purchasing stage. However, to focus our minds, we only denghe role of marketing
activities on expectation formation before purchase. brtsin our model firms may use
marketing to manage expectations of loss-averse conswanansearly stageé.

Our paper can be seen as complementary to the work on conseareh in product mar-
kets (see e.g. Varian (1980), Anderson and Renault (20803s&n and Moraga-Gonzalez
(2004), Armstrong and Chen (2008)). Whereas that liteedfiacuses on thefiect of dif-
ferential information (and consumer search) at the purinobastage, our paper abstracts
from this issue and focuses on thifeet of diferential information at the expectation
formation stage which is relevant if consumers are losssaver

’For a complementary view see Bar-Isaac, Caruana, and C20GT),
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We will discuss the connections to a number of the above ciatributions in more detail

in the main text. The plan of the paper is as follows. In SecBpwe present the model.
Here, we have to spend sonféoet to determine the demand of uninformed consumers. In
Section 3, we establish equilibrium uniqueness and equifibexistence. Our existence
proof requires to bound the parameters of our model, in@a4ai, the two firms cannot

be too asymmetric for equilibrium existence to hold. In &tt, we obtain comparative
statics results. First, we characterize equilibrium unztest symmetry and, secondly,
analyze the impact of the degree of asymmetry on equilibmutcomes. Thirdly and
most importantly, we analyze th&ect changing the share of ex ante informed consumers
on market outcomes. In Section 5 we provide two extensioasti@ 6 concludes.

2 The Model

2.1 Setup

Consider a market with two asymmetric firm’ssandB, and a continuum of loss-averse
consumers of mass 1. The firms’ asymmetry consists fééréinces in marginal costs.
Here, the moref@cient firm is labeled to be firrh—i.e., ca < cg. Firms are located on
a circle of length 2 with maximum distancg, = 0, yg = 1. Firms announce pricgs
and pg and product locations to all consumers. Consumers of masa@uniformly
distributed on the circle of length 2. A consumer’s locatigix € [0, 2), represents her
taste parameter. Her taste is initially, i.e., before deieing her reference point, known
only to herself if she belongs to the set of informed conssmétote that consumers’
differential information here applies to the date at which coresg determine their refer-
ence point and not to the date of purchase: at the moment ohase all consumers are
perfectly informed about product characteristics, pricesl tastes. However, a fraction
(1 - B) of loss-averse consumers, 0B < 1, is initially uninformed about their taste.
As will be detailed below, they endogenously determinertheference point and then,
before making their purchasing decision, observe theietaarameter (which is private
information of each consumer). All consumers have resienvaialuev for an ideal vari-
ety and have unit demand. Their utility from not buying-i® so that the market is fully
covered.

Two remarks about our modeling choice are in order: Firstcaudd alternatively work
with the Hotelling line. Results directly carry over to thetdlling model in which con-
sumers are uniformly distributed on the §Q-interval. Second, the circle model allows for
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an alternative and equivalent interpretation about the tfpnformation some consumers
initially lack: at the point in time consumers form theireegnce point distribution, they
all know their taste parameters but only a fractior g) does not know the location of the
high- and the low-cost firm. These uninformed consumers bnbw that the two firms
are located at maximal distance and that one is a high- whéheaother is a low-cost
firm.

To determine the market demand faced by the two firms, lettfoerned consumer type
in [0, 1] who is indiferent between buying goddland goodB be denoted by, (pa, Ps)-
Correspondingly, the inflierent uninformed consumer is denoted>ay(pPa, ps). Since
market shares on [Q] and [1, 2] are symmetric, the firms’ profits are:

7a(Pas Pe) = (Pa — CA)[B - Xin(Pa, Ps) + (1 = B) - Xun(Pa. Ps)]
7e(Pa> Ps) = (Pe — Ca)[B - (1 — Xin(Pa P8)) + (L =) - (1 = Xun(Pa. Pe))]-

The timing of events is as follows:

Stage 0.) Marginal costg/, cg) realize (and become common knowledge among firms)

Stage 1.) Firms simultaneously set pricpg, (Pg)

Stage 2.) All consumers observe prices and

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

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

Stage 3.) Inspection stage: Entering the shop also unif@rconsumers observe their taste

X (uncertainty is resolved fall consumers)

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

a) informed consumers make rational purchase decisidrefchmark case)

b) uninformed consumers compare price and match value wefdrance point
distributions

At stage 1 we solve for subgame perfect Nash equilibrium re/fiens foresee that un-
informed consumers play a personal equilibrium at stagé2bsonal equilibrium in our
context simply means that consumers hold rational expeatabout their final purchas-
ing decision; for the general formalization see KoszegilRatdin (2006). Without loss of
generality we consider realizationg < Cg.
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2.2 Demand of informed consumers

Let us first consider informed consumers. They ex ante obgefrices and their taste
parameter and therefore do not face any uncertainty whenirigrtheir reference point.
Hence, their behavior is the same as the behavior of unbailynd&ional consumers in
a classical Salop model. For pricpg and pg an informed consumer located»abbtains
the following indirect utility from buying produat

u(x pi) =v—tlyi — X — pi,

wheret scales the disutility from distance between ideal and &tagte on the circle. The
expressiory — tly, — x| then captures the match value of produfiir consumer of type
x. Denote the indterent (informed) consumer between buying from fimandB on the
first half of the circle byx;, € [0, 1] and solve for her location given prices. The informed
indifferent consumer is given by

(t+ pe— pa)

o 1)

Xin(Pas PB) =

Symmetrically, a second indierent (informed) consumer type is located-akg(pa, ps) €
[1,2]. Without loss of generality we focus on demand of conssnietween 0 and 1
and multiply by 2. Cost dierences influence the location of ifigrent consumers via
prices: If asymmetric costs lead to asymmetric prices inlggwm, then the indiferent
informed consumer will also be located apart frof2 {resp. 32), the middle betweeA
andB.®

2.3 Demand of uninformed consumers

Uninformed consumers do not know their ideal tastex ante. Since they cannot judge
which product they will buy before they inspect products kadn their ideal taste, they
ex ante face uncertainty about their match value and pueghigse (although they know
firms’ prices already). With regard to this uncertainty daimed consumers form ref-
erence point distributions over match value and purchase.pfFollowing Heidhues and
Koszegi (2008) they will experience gains or losses in dopiiim depending on their re-
alized taste and their purchase decision. These gains ased@ccur in two dimensions,
in a taste dimension (as determined by the fit between idmoayic taste and product

8E.g. if there are only informed consumexs, = 1/2 + (cg — ca)/(6t) in equilibrium . This is closer to
B for cg > ca. Thus, the low-cost firm serves a larger market share.
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characteristics) and in a price dimension. In both dimersiosses are evaluated at a
rate A and gains at a rate 1 with > 1. This reflects widespread experimental evidence
that losses are evaluated more negatively than gains. phoperties of this specification
are worthwhile pointing out. First, consumers have gainesses not about net utilities
but about each product “characteristic”, where price isttieated as a product charac-
teristic. This is in line with much of the experimental evide on the endowmentfect;

for a discussion see e.g. Koszegi and Rabin (2006). Secondumers evaluate gains
and lossesicrossproducts’ This appears to be a natural property for consumers facing
a discrete choice problem: they have to compare the meritseaivo products to each
other. In other words, consumers view the purchasing detisith respect to these two
problems as a single decision problem. Third, to reduce timber of parameters, we
assume that the gdloss parameters are the same across dimensions. This sppéar
the natural benchmark.

While our setting is related to Heidhues and Koszegi (2088g (also Heidhues and
Koszegi (2005) for a related monopoly model) our model hasettdistinguishing fea-
tures. First, firms’ deterministic costs are known by th@mpetitor. This property is
in line with a large part of the industrial organization tagure on imperfect competition
and is approximately satisfied in markets in which firms ar#-iméormed not only about
their own costs but also about their relative position inrtiegket. Second, prices are al-
ready set before consumers form their reference gbifihis property applies to markets
in which consumers are from the start well-informed aboefgdtce distribution they face
in the market. This holds in markets in which firms inform acomers about prices (but
consumers are initially uncertain about the match valuelamsltheir eventual purchasing
decision) or in which prices are publicly postedThird, there is a fraction of (% g) of
uninformed consumers who face uncertainty about theid idetex and a fraction of3
informed consumers who know their ideal taste ex ante. Assatted in the introduction,
various justifications for dierential information at the ex ante stage can be given. Con-
sumers dier by their experience concerning the relevant productfeatAlternatively,

a share of consumers know that they will be subject to a tdsieksbetween forming

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

0This is particularly appropriate in market environmentsvimich price information has been provided
from the outset, while uninformed (or inexperienced) cansts observe the match value only when phys-
ically or virtually inspecting the product.

INote that in an asymmetric market firms sefelient prices. Hence, although prices are deterministic, a
consumer who does not know her taste parameter is uncebirt ehe price she will pay for her preferred
product.
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their reference point and making their purchasing decisldrese consumers then do not
condition their reference point on the ex ante taste pammmghereas those belonging to
the remaining share do.

Consider an uninformed consumer who will be located after her ideal taste is real-
ized. Suppose firms set pricpg and pg in equilibrium. Then the uninformed consumer
will buy from firm Aif x € [0, Xun(Pa, Pe)] U [2 — Xun(Pas, PB), 2], WherexX;n(pa, pPg) is the
location of the indiferent (uninformed) consumer we want to characterize. Hehee
uninformed consumer at will pay pa in equilibrium with Prob[x < Xun(pa, ps) V X >

2 — Xun(pa, pe)] and pg with Prob{X,n(Pa, Ps) < X < 2 — Xun(Pa, Ps)]- Sincex is uni-
formly distributed on [02] we obtain thaProb[x < X,n(pa, Ps) V X > 2 — Xun(Pa, Pe)] =
Xun(Pa, P), i.€., from an ex ante perspectiyg is the relevant price with probability
Prob[p = pa] = Xun. Correspondingly, the purchase at prigeoccurs with probability
Prob[p = pg] = 1 - Xun.

The reference point with respect to the match value is thervaton valuev minus the
expected distance between ideal and actual product tass the taste parametefThe
distribution of the expected distance is denoteddfg) = Prob(|x — y,| < s), where
s € [0, 1], the location of the firny, € {0, 1}, and the consumet's purchase strategy in
equilibrium for given prices is denoted bye {A, B}, o € arg maXeag Uj(X, pj, P-j)-

Sincecy < cg, We restrict attention to the casg, > 1/2, i.e., firmA has a weakly larger
market share than firrB also for uninformed consumers. Given that some uninformed
consumers will not buy from their nearest fin@(s) will be kinked. This kink is de-
termined by the maximum distange— yg|that consumers are willing to accept buying
productB, s = 1 — X, becauses < 1 — X, holds for consumers close to eith&ror B,
while s > 1 — X,, only holds for the more distant consumersfofHence, the distribution

of sis

2s if se[0,1- X
G(9) = 1s+ (1—%un) if s€(L—Kyn, Kunl
1 otherwise

Note that if the indiferent uninformed consumer is located in the middle betweand
B, Xun = 1/2, the expected distance between ideal and actual prodiet#gs|, is mini-
mized and equal to/4.
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Following Koszegi and Rabin (2006), after uncertainty soteed consumers experience
a gain-loss utility: the reference distribution is splitf@p each dimension at the value of
realization in a loss part with weight> 1 and a gain part with weight 1. In the loss part
the realized value is compared to the lower tail of the refeeedistribution; in the gain
part it is compared to the upper tail of the reference digtram.

Consider the gain-loss utility of an uninformed consumeated atx, at the moment
she decides whether to purchase the product. Recall thaisapoint she knows her
taste parametet. The initially uninformed consumer now decides which prcido buy
taking into account her intrinsic utility from a product aher gain-loss utility when she
compares the price-taste combination of a product with Wwerdimensional reference
point distribution.

First, consider the utility of an uninformed consumer fropuachase of produ@& when
this consumer is located ate (1 — X, 1].12

Ua(X, Pa, P8) =(V—tX = pa) — 4 - Prob[p = pa](pa — pa) + Prob[p = pg](Ps — Pa)
X 1
—/l-tfo (X — 9)dG(s) +tfX (s—x)dG(s), (2)

where the first term is the consumer’s intrinsic utility frgmoductA. The second term is
the loss in the price dimension from not facing a lower priwap,. This term is equal to
zero becausp, is the lowest price fbered in the market place. The third term is the gain
from not facing higher price thap,, which is positive. The last two terms correspond to
the loss (gain) from not facing a smaller (larger) distancéhe taste dimension thaa

An uninformed consumer’s utility from a purchase of prodBes$ derived analogously,

Us(X, Pa, Ps) =V—1t(1-X) — pg—4-Prob[p = pa](ps — Pa)

Intrinsic utility Loss from facing a highep than pa

1-x 1
-1 tf (1= x) — 9dG(s) + tf (s— (1 - x)dG(s)
0 1-x
Loss from facing larger distance than 0  Gain from facing smaller distance than 1

3)

This allows us to determine the location of the ffigient uninformed consume;,.

12The indiferent uninformed consumer will be locatedxat X,n, therefore (1- X,n, 1] is the relevant
interval for determiningn.
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Lemma 1. Suppose thak,, € [1/2, 1). ThenXy, is given by

) A Ap (AP (1+2) (A+ 17
Xun(AP) “a-1D 4@ \/ 162 2t(1 - 1) 41 - 12" “)
=S(Ap)

whereAp = pg — Pa.

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

Ua(X, Pa, PB)  =(V—tX— pa) + (1 — Xun)(Pe — Pa)
_ﬂ-t(fl_xunZ(X— 5 ds+ f (x— s)ds)+t( Xun(s—x)ds)
0 1

—%un X
=(v = X~ pa) + (1 = Zun)(Ps ~ Pa)
— 2R 2X(0 - R = (L %) + (R~ 02 ®

1-X
Us(% Pa Ps)  =(V—t(L— X) — &) — A Kun(Pa — Pa) ‘“fo 2(1- %) - 9 ds

+t( fl“u 2(s— (1- X)) ds+ fxu (s—(1- x))ds)

-X 1-Run
=(V—1t(1 - %) — pg) — - Kun(Pg — Pa) — 4 - t(1 — X)?

(0= R+ G = X R+ 2)). ©

Next, we find the location of the infierent uninformed consumer = X, by setting

Up = Ug, Where

. . . t .
Ua(Xun, Pas PB) = V—tXin— Pa+ (L —Xin)(Pe — Pa) — - 5(1 -2(1- Xun)Z)

. . . . 1
Ug(Runs Pas PB) = V—t(1 = Kun) — Pa — A+ Kun(Ps — Pa) — 4 - t(L — Run)® + 2(5 - Kun)?

If she buys producA the indiferent uninformed consumer will experience no gain but the
maximum loss in the taste dimension. If she buys produshe will experience a gain
and a loss because distance could have been smaller ortlaagel— X,,. With respect to

the price dimension the inflerent uninformed consumer (like all other consumers) faces
only a loss when paying prigas and only a gain when paying priga.
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ua(Xun» Pas PB) = Us(Xun, Pa, Pe) Can be transformed to the following quadratic equation
In )A(unu

0= 2= 1) &~ (1= (P~ Pa) - 41) - + (2P — P) + 532+ 1)) (7)

Solving this quadratic equation w.nt,,Teads to the expression given in the lemman

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

2t
(1-1)

Ap =

(2(1 +2) - e+ 2P -+ 1)2), 8)

which is strictly positive for alll > 1. It can be shown that fot > 3+ 2V5 ~ 7.47,
Kun(Ap) € [1/2,1] for all Ap € [0, Ap]. Given monotonicityx;,(Ap) expresses the upper
bound on firmA’'s demand from uninformed consumers e 0. If the degree of loss
aversion is smallerg < 3 + 25, X (AD) rises above one. Hence, we define another
upper bound on the priceftierence AP, with AP < Ap by the solution tax;,(Ap) = 1.

We can solve explicitly,

(1+3)
21+ 1)

Ap = 9)
The location of the indferent uninformed consumex,,, has a number of properties.
Clearly, %n(0) = 1/2, i.e. market splits equally under symmetric prices. Arottbvious
property is thatx;,(Ap) is equal to the demand of firrA if only a measure zero set of
consumers is informed, i.8.= 0.

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

5 ) Ap  (1+2)
Kn(AP) = -7 = 2-S(Ap) (@ 202 - 1))

At Ap = 0 the first derivative ok;,(Ap) is equal to

1 (1+2)

W@ = -2+ a1

X ,(0) is approaching A2t) from below fordi — 1 and ¥ (4t) from above forl — . This
implies that, evaluated #&tp = 0, demand of uninformed consumers reacts less sensitive
to price changes than demand of uninformed consumers—wnre&d this property in
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the following section. Moreovek, (Ap) is strictly convex for allAp € [0, Ap].

_B+)(B+31)
642 (S(Ap))®

Xin(Ap)

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

2.4 Demand comparison between informed and uninformed comsners

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

The first property is a continuity property. Far— 1, the indirect utility function of
uninformed consumers fiiers from the one of informed consumers only by a constant
(this can be called a levelfect). Equation (7) collapses to a linear equation and we
receivex;n(Ap) = Xin(Ap) as a solution in this case. This means that if consumers put
equal weights on gains and losses, tifiee of comparing expectations with realized
values exactly cancels out when a choice between two prediotade.

Xin(Ap) : dashed X,n(Ap) : solid
1.0f

0.7} -

0.6/ -

I B Ll \\\\\Ap
0.1 0.2 0.3 0.4 0.5 0.6 0.7

The Figureshows the location of the iffédrent consumeis(demand of firmA) for in-
formed and uninformed consumers as a function of prifieidinceA p for parameter
values oft = 1 andA = 3: Ap = 0.8348,Ap = 3/4 andAp = 0.2789.

Figure 1: Demand of informed and uninformed consumers

The next properties refer to the sensitivity of demand wébpect to price. The first
derivative ofxX,(Ap) w.r.t. Apis equal to ¥(2t) for all Ap. Thereforex' (0) is strictly
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larger thanx[,(0). This implies that the demand of uninformed consumeraluated at
equal prices reacts less sensitive to price changes thaethand of informed consumers.

Evaluated at large price fiierences, this relationship is possibly reversed:Afpr— Ap
the square rootS(Ap), becomes zero anx, [Ap) rises to infinity. Thusx[,(Ap) >

X' (Ap) = 1/(2t). Demand of uninformed consumers, evaluated at a large gifierence
reacts more sensitive to an increase in the priéieince than the demand of informed
consumers. (This property is satisfied if the tiielient consumer at this pricefiirence is
strictly interior; otherwise some more care is needed, demn® in the following section.)

Due to monotonicity ofx,(Ap) and applying the mean value theorem, there exists an
intermediate price dierenceAp € [0, Ap] such thatx],(Ap) = X (Ap) = 1/(2t). This
critical price diterence can be explicitly calculated as

t(z V2. (20 +2)-3 V2R + 2F -1+ 1)2)
AP= V2(1-1) ’

which is strictly positive for all > 1 sinceAp(1 = 1) = 0 andAf’(2) > 0.

Hence, we find that the demand of uninformed (or loss-ave@@3umers is less price
sensitive than the demand of informed consumers if prifier@inces are smalp <
ApP. The underlying intuition is that for small priceftBrences loss-averse consumers
are harder to attract by price cuts because their gain framerigrices is outweighed
by their loss in the taste dimension if they change producéisus, demand of loss-
averse consumers reacts less sensitive to price in thie rdray large price dierences,
however, their gain from lower prices starts to dominatértless in the taste dimension
if consumers switch to the cheaper producer. Thereforedessse consumers are more
price-sensitive than informed (or classical Hotellinghsomers foAp > Ap. In section 4

it becomes apparent that this demand characteristic iwegifiorce for our comparative
static results.

3 Market Equilibrium

In this section we focus on the market equilibrium of the firprice-setting game. We
derive market conditions under which equilibrium existsl amder which it is unique.
We start by showing some properties of market demand whithbeineeded later to
prove some of the results. We then give an equilibrium charaation before turning to
uniqueness and existence.
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3.1 Properties of market demand

For notational convenience we first define an upper boundoptice diference (which
depends on the parameténdA):

Ap, if1<A<
Apmaxz{ holes (10)

AP, if 1> A°.

with 2° = 3+ 2V5 ~ 7.47. Note that\p € [t - (V5 - 1)/2,t) ~ [0.61&,t) for 1 < A < A°
andAp e (t-2(V3-2),t- (V5-1)/2) ~ (0.536, 0.618&) for 1 > A°. Using results from
Section 2.4, we define the upper bound of fitim demand of uninformed consumers#s

. Xun(AP) =1, ifl<a<2AS,

Rn(apm) = | XDV = L (11)
Xun(Ap) < 1, if 2> A%

Combining (1) and (4), we obtain the market demand of fkras the weighted sum of

the demand by informed and uninformed consumers,

Xun(Ap), IfO < Ap < Ap™

Ap; = %n(A 1-8)-
Ga(ApiB) =B Xn(AP) +(1-5) {1, if t> Ap > Apm

_ { 1-2(1-39)Ap+ (1-p) - (1-P)S(Ap). if0 < Ap < Ap™e

B- 52+ (1-B), if t>Ap> Ap™
_ | ¢(Ap;B), if0 < Ap < Ap™* 12
= t+Ap . max (12)

where

_|Ap? (1+2) (A + 1)
S(Ap) = \/16t2 "o P g

The demand of firnA is a function in the price dierenceAp, which is kinked atA p™&*
and forAp™ = Ap additionally discontinuous atp™®*. It approaches one faxp = t.14
Firm B's demand is determined analogouslydayAp; 8) = 1-ga(Ap; B). In the following

132un(AP) = £ — 2ANHDAY ¢ (372, 1) for A > A,

20-1)
i.e. Xun(Ap) is lower than one for > A°. This leads to a jump in demand of uninformed consumenspat
from Xun(Ap) to one (see the definition of(Ap; B)), asX(Ap) — oo.

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




PriciNG AND INFORMATION D1SCLOSURE IN M ARKETS WITH L0Ss-AvERSE CONSUMERS 16

we are interested in interior equilibria in which producte Aought by a positive share
of uninformed consumers, i.eAp is lower thanAp™®*1> We next state properties of
#(Ap; B), the demand of firnA in this case?®

Lemma 2. For 0 < Ap < Ap™ the demand of firm A,(dAp;B) = ¢(Ap;B) is strictly
increasing and convex iAp.

Proof.
o = 99a(AP;B) _ _9aa(AP:B) _ _99s(Ap;B) _ _9ds(Ap;f)
AAp OPa AAp OPs
= B )’len(Ap) + (1 _:8) ’ )’Z(Jn(Ap)
1 1-B) (Ap (1+2)
= w ¥ 260 (BT A - 1)) 70

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

1+2)

-1 °

SOB) = ~z(1-3)+(1-p)
¢'(Ap— Ap;B<1l) — oo sinceS(p) = 0.

For 0< Ap < Ap™*the demand oA is convex inAp. At the boundaries we have

B+)B+31)

#'ARB) = (L=B) KnAP) = (1= B) - gz samys > ©
¢” >0 VYApfeasible and/s < 1 sinceS(Ap) > O:
. 3+)(5B+3
vop = @-p- T3,
327 55
¢"(Ap—> Ap;B<1l) — oo.
i

We note that also the third derivativg/, is greater than zero. However, we do not have a

sign restriction for the derivative @fwith respect tg. The first derivative of the demand
of Aw.r.t. 8 is the diference of the demand of informed and uninformed consumers:

aip(Ap B _ . o ~ R -3 ppo At
—ap =% = %a(8P) = RurlAP) = ZAP- Z0

+S(Ap) =0

15This corresponds to industries in which firms are not too asegitric.
16\We will use¢ as a short-hand notation fgtAp; ).
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with ¢s = 0 atAp = 0 andAp =t/2.
This expression is of ambiguous sign, as has been pointed the previous section. We
also note that cross derivative of the demandaei.r.t. Ap andg,

= ¢ = %,(AP) - K(AP) = - + 82 2t(1-1)

o’ , 3 1 (Ap 1+2) )
4 2S(Ap) ’

is of ambiguous sign. This derivative has the boundary biehdvat¢, = 0 atAp. and
¢j, — oo for Ap = Ap; the latter holds becaus{Ap) = 0.

3.2 Equilibrium characterization

We next turn to the equilibrium characterization. At thetfgtage firms foresee con-
sumers’ purchase decisions and set prices simultaneausigetimize profits. This yields
the following first-order conditions:

aﬂ'i _ o _ 0 Vi B

ap G+ (P —C)zp = i € {A B}
If that the solution has the feature that demand of each gnbapnsumers, informed and
uninformed, is positive. Then first-order conditions carekpressed by

67'(/_\

on ¢—(Pa—ca)p’' =0 (FOCa)
o - (1- )~ (Ps - Ca)¢ = 0. (FOCs)
Ps

In this case concavity of the profit functions would assued the solution characterizes
an equilibrium.

827'(/_\ , .,

Fre —2¢" + (pa—cCa)¢” <0 (SOQG)
8pA

(92

T - 24/ — (pg - Ca)¢” < 0. (SOG)
8pB

Given the properties af —particularly that is strictly increasing and convex fr< 1—
S OG holds globally, whileS OG, is not necessarily satisfied. Using thpk € ca) = ¢/¢’
by FOC,, S OG, can be expressed as follows

—-2(¢")? + 99" < O. (13)
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It can be shown that (13) is satisfied for smgil (and) while it is violated forAp — Ap
as¢” goes faster to infinity ik p than ¢’)2.17 This violation reflects that firrA has an in-
creasing interest to non-locally undercut prices to gagnehtire demand of uninformed
consumers whenp is large. The driving force behind this is that loss aversiothe
price dimension dominates loss aversion in the taste diimerisprice differences are
large. Moreover, large losses in the price dimension if bgythe expensive produ&
makes far-distant consumersAmore willing to opt for produch.

We will discuss the issue of non-interior solutions and ea@istence in Proposition 2, but
focus next on interior solutions. We denote an equilibriuithvprices (@, pg) that is
determined by an interior solution as an interior equilibmi

Lemma 3. In aninterior equilibrium with equilibrium priceép;, pg), the price dfference
Ap* = pg — P, satisfies

Ap* = Ac+ f(Ap";B) VB €]O0,1],Ap feasible (14)
with Ac = cg — ca and f(Ap; B) = (1 — 2¢)/¢’.

Proof. Combining FOC,) and FOCg) yields the required equilibrium condition as a
function of price diferences. |

Thus, (14) implicitly defines the optimalp as a correspondence &€, 3, 1, andt.8

3.3 Equilibrium unigueness

In Proposition 1 we state conditions under which an integgprilibrium is unique. Given
parameterd andt, the condition states that the cost asymmetry between fsmstitoo
large.

Proposition 1. An interior equilibrium is unique if

2t

AC < Ap = -1

(2(4 +2)- RO+ 27— (1+ 1)2), (15)

whereAp depicts the critical value afp such that the 8\p) in Xu,(Ap) is equal to zerd?

This implies thaira is not globally concave. We will show later that it is neitigébally quasi-concave.
Moreover, the non-concavity afy becomes more severe Ap (resp.—p,) increases.

18Besidess the latter two parametersfact the functional form of via ¢.
19Cf. equation (8).
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f(Ap;B) + Ac: solid, Ap:dashed

The Figureshows the equilibrium condition (14)Mt = Ap for parameter values of
B=0,t=1,and1 = 3: Ap=0.75,Ap = 0.8348.

Figure 2: Two potential interior equilibria

Proof. We first consider the case af> A°. We can derive a number of useful properties
of f(Ap;B) = (1-2¢)/¢":

f(0;8) = 0/¢’(0) = 0Vp, f(Ap;B) — 0 since¢’(Ap) —» VB < 1, andf(Ap,1) =
-2Ap < 0.

f'(Ap; B)

2V -8 1-20) [, ¢"(1-26)) _
@7 -2+ =g )50

3/2

f/(0;8) = -2 < 0 Ypandf'(Ap;B) —» —(2+ =

=—) - oo VB <1, andf’(Ap,1) =
-2 VAp.

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

¢ — 2(¢")2)(1 - 2¢) — 2(¢')°
v -2 -26F

App) = -

If 3 < 1 by continuity of f(Ap), f(0;8) = 0, f(Ap;8) — 0, f'(0;8) < 0O, f'(Ap;B) —

oo > 1, and strict convexity of (Ap) for 8 < 1, we know that forAc = Ap there are two
potential interior equilibria. This is illustrated in Figu2. The second equilibrium arises
because\p depicts a second solutionfp = f(Ap; 8 < 1)+ Apsincef(Ap;8 < 1) =0.
Moreover, by continuity off (Ap) two potential equilibria occur foAc > Ap (if any)
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becausé\p < f(Ap; B < 1) + Ac. For values ofAc lower thanAp, f(Ap;B < 1) + Acis
always smaller thanp and no second equilibrium can arise.

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 cas®).

Secondly, in the case of ¥ A2 < A° there are corner solutions £p > Ap because
firm A’s demand of uninformed consumers is bounded at one. ThiscesdfirmA’s
incentives to set a very low, in equilibrium (that leads tap > ApP) because that would
decrease the profit margin for all its consumers while ontyeasing firmA’'s demand of
informed consumers. It can be shown thak@aboveAp is not optimal if the optimal
price diference for informed consumetg* = Ac/3 lies belowAp.?! Thus, there exists
no second equilibrium in this case. Fop* = Ac/3 > AP a higher price dierence than
AP can arise in equilibrium because attracting further infednconsumers is profitable
in this situation. But them\p* = Ac/3 describes the only potential equilibrium which
is driven by the demand of informed consumers (standardlkmease). Hence, the
uniqueness condition (15) alsofBaes to rule out second equilibria fare (1, 2. |

3.4 Equilibrium existence

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

Proposition 2. An interior equilibrium with pricegp;, p;) existsif and only if
1. Ac satisfies
Ac < Ac™ = maxAp™ - f(Ap™: B), O}, (16)
with Ap™ being implicitly determined by the following non-deviatimondition

s+ (oapms) - 9)
R

whereg(Ap™ B) = B+ Xin(AP™) + (1-B) < 1,

ap = {ap|ap = Ap™- Ap#ap™), ()

20An analytical solution for (14) can be determined in thisecasp® = Ac/3.
2lunder (15)Ac is weakly lower tham\ p which can rise above/g for 1 — 1.
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2. and ifAp"™ < 0, 8 additionally satisfies

B =), (18)
with (1) being an increasing function i which is expressed by

0, if 1e(1,1+2V2];
B =4 p(1) €(0,0.349)  ifae(1+2V2 A (19)
BE(2) € (0.349,0.577) if 1> AC.

Moreover, any equilibrium is interior.

Before turning to the proof, let us comment on this propogitiThe result shows that an
equilibrium exists if firmA has no incentive to non-locally undercut prices. In faa,ith
centive to undercut prices increases the more asymmetiisiry or the more loss-averse
consumers. For a low degree of loss aversior (1 < 1 + 2V2 ~ 3.828) equilibrium
exists if the cost dference between firms is not too large (see (#6)h this case, an
equilibrium exists for all values . However, if the degree of loss aversion rises further,
equilibria only exist if there is a shiciently large share of informed consumers. Such
a large share of informed consumers reduces the undeguticentive of firmA. The
possible non-existence due to undercutting even holdsyfonsetric industries. Again,

if the share of informed consumers idistiently large, an equilibrium exists; e.g. if 60%
(which is greater than 57.7%) of the consumers are informed &n equilibrium exists
in symmetric industries for any level of loss aversibs 1.

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

Proof. 1. To find an upper bound afc for which the equilibrium condition (14) is
satisfied we determine the point at whitf\p; 8) is a tangent on thap-line.
Tangent condition:

fFapp) =1 & 3¢y +¢"(1-24) =0 (20)

22Note that according to experimental work on loss aversitakes the value of approximately 3, which
is within this range.
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An analytical solution to 3{)? + ¢”(1 — 2¢) = 0 can be found fog = 0.22 Denote
this critical price diference ad p'®(1, t).?*

Then, the equilibrium condition in (14) can be fulfilled ifdonly if Ac satisfies
the following condition

Ac < Ad® = ApP(4, 1) — F(APP(L,1); 8 = 0). (21)

2. We next rule out sompotentiallyinterior equilibria . First suppos&p’ does not
satisfyS OG,, thenAp’ depicts a profit minimum for firm\. Ap’ cannot be an equi-
librium. Moreover, comparing (13) and (20) shows that thieoal price diference
for locally satisfyingS OG, is always lower tham p'@. Hence, a non-empty set of
potentiallyinterior equilibria is ruled out by local non-concavity.

Secondly, if apotentiallyinterior equilibrium locally satisfieS OG, but S OG, is
locally violated for some largekp, the profit function of firmA is strictly convex
for a suficiently large non-local price decreapg. If the convexity is sfficiently
large the profit of firmA is increasing for large non-local price decreases. Thus,
a non-local deviation becomes profitable for figat> Given the non-decreasing
convexity ofra in —pa the optimal deviation of firmA is such that firmA serves
the entire demand of uninformed consumers, mks.t. ApY = Ap™ Decreasing
pd further is not profitable since firmA only attracts informed consumers while its
profit margin goes down for informed and uninformed conswwffem the follow-
ing we can restrict our attention to price deviations by firthat steal the entire
demand of uninformed consumers.

In such a situation firnA setspdA = pgy — Ap™ Forg = 0 the firmA’s deviation
profit, 79, is equal to p3—ca)-1 while forg € (0, 1] itis equal to 3 —ca)-¢(Ap™; )
with (Ap™; B) = B- Xin(Ap™™) + (1-)- 1. Using thatpd = p;— Ap™*we receive

i = (%—AW“—%)MAW%Q

1—
(T(p + Ac — Apmax) - p(AP™™ B) by FOCy

ZThis is suficient sincgs = 0 is the most critical case w.r.t. existence and uniqueriBss.reason for
this is that folg > 0 there is a positive weight on the demand of informed conssimbich is purely linear.

24Apt3(A, 1) is decreasing in.

25Figure 3 shows an example of gotentiallyinterior equilibrium in which deviating by firmd is prof-
itable.

26For situations witht — 1, in whichAp* > Ap™® can arise, it can be shown that non-concavity of
is not a problem.
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7a(Pa Pg)
0.8

0.2+
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0.5 1.0 15

The Figureshows the profit of fird, 7a(pa, Pg), as a function of its own price given
ps = pg for Ac = 1 (ca = 0,cg = 1) and parameter values pf= 0,t = 1, andd = 3:
Py = 1.17309,p; = 1.55863,pdA = 0.80863,Ap* = 0.385537, and\p™®* = AP =
3/4.

Figure 3: Non-existence

= (ape Lo ap)sapmp) by (14)  (22)
For non-deviation, firmA's profit is equal tara(Ap*) = (p, — Ca)¢, Which is equiv-

alent tog?/¢’ by FOCa.

Thus, deviation of firmA is not profitable if and only ifra(Ap*) > 79.2” Rearrang-
ing yields the required non-deviation condition

¢ - (AP B) — @)
¢ - pAP™B)

ApS Apnd = Apmax_

In Lemma 4 in the appendix we show th&p™ is uniquely determined by this
non-deviation condition iAp™ # Ap™*and that the set of non-negatisg"™ is
non-empty.

Combining this with the equilibrium condition (14) we getthexistence of in-
terior equilibria is ensured for non-negative™ if and only if Ac < Ac' =
Ap™M — f(Ap™). However,Ap™ can become negative if the degree of loss aver-
sion becomes too high. Here deviation is profitable even yarnsetric settings

2"\We assume that firmA does not deviate from an interior strategy if it is ifidrent between deviating
and playing the interior best-response.
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(Ac = 0). But an upper limit on the amount of uninformed consumarsreinforce
existence of symmetric equilibria in this case. In the secpart of Lemma 4 the
critical level of loss aversion for whichp™ becomes negative is determined and
the critical level of3 as a function ofl for Ac = 0, 8°(2), is defined. As we ar-
gue above the non-deviation condition implies local coitgaxf the firms’ profit
function. Here we see that the inverse is not true. We therafeceiveyp that
Ap" < ApSO%(< Ap®? < Ap™).

3. Any equilibrium is interior because discontinuity of fils best response function
rules out non-interior equilibria.

O

We conclude this section by a numerical example. Fcf 3,t = 1 andg = 0, the
following price diferences arisap™ = 0.27889,Ap® = 0.69532,Ap™ = Ap = 3/4,
and Ap = 0.83485% Moreover,Ac"™ is equal to Ap™ — f(Ap"%;0)) = 0.75963, i.e.
an equilibrium exists fonnc < 0.75963. Compare table 3 and 4 in the appendix with
Ac = 0.25 and 075 atB = 0. For non-existence @& = 0 consider Figure 2 and 3 with
Ac = Apand 1.

Table 1 depicts the critical level of priceftérences and costftierences for non-deviation
for 8 > 0 andA > 3. It can be seen that affigiently large share of informed consumers
dampens firmA’s incentive to deviate even if the degree of loss aversiamotres hight?

Finally, the criticalg for existence of symmetric equilibrig (> 5°(1)) is depicted in
Figure 4.

4 Comparative Static Analysis

In this section we focus on comparative static propertiga@equilibrium. As a starting
point, we analyze comparative statics properties of symmetarkets, i.e., markets in
which cy = cg. We then investigate the role of cost asymmetries and thenttuthe
role of the degree of initial information disclosure (captl by the share of informed
consumers) in asymmetric markets. Finally, we investitfagedtect of various demand
characteristic on equilibrium outcomes.

28Figure 7 in the appendix depicts the determination pt for these parameter values.

2Note that forAc™(8) > Ap potential second equilibria can arisesgcond intersection ofp and
Ac+ f(Ap; B), compare Figure 2). However, those equilibria can be ralgdby the non-deviation condition
sinceAp*™ > Ap™(B). This means that by combining uniqueness and existencgit@mrs equilibrium
unigueness can be granted for a broader class of industries.
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Table 1: Non-deviation condition

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

/1:3 /126 /129

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

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

4.1 Symmetric Market

In contrast to Heidhues and Koszegi (2008) our framewownalus to explicitly solve
for equilibrium markup in our model. The following resultarfacterizes the symmetric
equilibrium.

Proposition 3. For Ac = 0, any equilibrium is unique and symmetric. Equilibrium msc
are given by

P =C + i = A B. (23)

Proof. For Ac = 0 we get by (14), (15), and(0;8) = 0 thatAp*(8) = O is the unique
equilibrium VB € [0, 1] (provided it exists). Rearrangind-QC;) and applying that
¢(0,B8) = 1/2 for all B yields

1

3 o 2 .
pi -G = ¢,(O’ﬁ) Yl e {A’ B}’

where

605) =5 1-3) - § Do~ F22

250\~ 2t(1-1)

1 Q-p( (1+2)
T Y TR

2,04\ 2t(1 - 1)
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The Figureshows the critical amount of informed consungéf$(.1), for which sym-

metric equilibria exist as a function of the degree of lossrand > 1. Parameter
values areAc = 0 andt = 1: Ap"(Ac = 0,8 = (1)) = 0. Non-deviation for
ﬂ > ﬂcrit(/l)_

Figure 4: Non-deviation for symmetric industries

A-p+2)

1
B TR

_ m(z(ﬂ +1)- (=B - 1)

This gives rise to (23). |

For Ap*(8) = 0 loss aversion about prices is irrelevant even for uninémrmonsumers.
In this situation uninformed consumers exclusively tryyoid losses in the taste dimen-
sion. This reduces the attractiveness of a lower-priced dinch thus the price elasticity
of demand. This can be exploited by the firms the higher theedegf loss aversion and
the higher the share of uninformed consumers. Since firmly apparkup over marginal
costs equilibrium profits are independent of the level ofgiral costs™

Three comparative statics results are immediate.

Corollary 1. For Ac = 0 and A > 1, equilibrium markup is decreasing in the share of
uninformed consume

30This is a standard property of models with demand aggregatedthe two products that is perfectly
price inelastic (more specifically of spatial models with &wverage).
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This follows directly from diterentiating (23) with respect fHand means that as the share
of informed consumers increases the firms’ markup goes dbwsther words, informed
consumers exert a positive externality on uninformed coress. This predictionisin line
with alternative models from the search literature, whdegger share of consumers who
do not know some products exert a negative externality osethno do. Nevertheless our
framework is substantially éferent since all consumers are fully informed at the moment
of purchase. Here, an externality also arises due to umagrit the moment consumers
form their reference points. With respect to recent workweiéhavioral biases, our result
is of interest in the light of claims that better informed samers are cross-subsidized
at the cost of less informed consumers. This, for instanakelshin Gabaix and Laibson
(2006) where only a fraction of consumers are knowledgeatdeit their future demand
of an “add-on service”, while other consumers are “naiveigaware of this. This shows
that the particular type of behavioral bias is central toarsthnd the competitiveffect

of changes in the composition of the consumer population.

Our first comparative statics result in the symmetric sgtitmplies that firms do not have
an incentive to inform consumers at an early stage. Howévere is a potential role of
public authorities to inform consumers about their matdoe/at an early point in time
so that all uncertainty is resolved early on. This increasespetitive pressure and thus
lead to higher consumer surplus. As we already pointed otltanntroduction, it is not
required that public authorities aim at eliminating the debral bias directly (and thus
to manipulate consumer preferences) but rather to disaidsenation at an early stage.
This neutralizes the behavioral bias (but does not charegeadhsumers’ utility function).
This insight provides a novel rational for information dasure by public authorities due
to behavioral biases in the consumer population.

Second, equilibrium markup is increasing in the degree &4 Bversiond. Foria — 1
firms receive the standard Hotelling markug.of hird, equilibrium markup is increasing
in the inverse measure of industry competitiveneésbprt — 0O firms face full Bertrand
competition and markups converge zero for all levels of lngrsion. This shows that
consumer loss aversion does nffeat market outcomes in perfectly competitive environ-
ments and our results rely on the interaction of imperfeotpetition and behavioral bias.
The second and third comparative statics results are rabweous but still noteworthy.

Table 2 shows the variation of equilibrium markups in therstad informed consumers
B and the degree of loss aversiarfor fully symmetric marketsAc = 0). We make
the following observations: (1) The highest markup is regctvhen all consumers are
uninformed and the degree of loss-aversion approachestitsatlevel for existence in
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Table 2: Symmetric Equilibrium: Equilibrium Markups

The table shows the variation of (Ac = 0,5, 1) = p/(Ac = 0,8, 1) - G;
foralli € {A, B} in g andA.

a1 2 3 3.8284 5 7 9 00

1 1 1 1 1 1 1 1 1

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

0.2 1 1.15385 1.25 1.30602 1.36364 - - -

0 1 1.2 1.33333 1.41421 - - - -

symmetric marketd = 1 + 2V2 ~ 3.828433% (2) If the share of informed consumers is
suficiently large (above 57.7%) symmetric equilibria existdtiil > 1. With such a large
share of informed consumers the equilibrium markup is betswnaximum level since
the demand of informed consumers is more elastic and thup@asrihe firms’ incentives
to set higher prices.

4.2 The role of cost asymmetries

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

Proposition 4. In equilibrium, the price dferenceAp*(Ac, ) is an increasing function
in the cost asymmetry between firxts MoreoverAp*(Ac,8) > 1/3.

Proof.
dap (a9 _ @Y
T T a@reea-z D .
i

3(¢)? + ¢"(1-29)

Sinceg’ is strictly positive and denominator di p*(Ac)/dAc is equivalent to the tangent
condition (20). We obtain that

dAp*(Ac)

dAC >0 (25)

31Compare Figure 4.
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if Ap < Ap®(4,t). Moreover, since”(1 - 2¢) = 0 for Ac = 0 (i.e. Ap = 0, compare
symmetric equilibrium ) an@”’(1-2¢) < 0 for Ac > 0 it holds true thatlAp*(Ac)/dAc >
1/3. O

This result says that the more pronounced the cost asymmhettgrger the price ier-
ence between high-cost and low-cost firm. This result shbasdtandard comparative
statics result with respect to costl@rence are qualitatively robust to consumers being
loss averse. However, in our model the margirfé@ of an increase in costfterences

on price variation is much stronger if some consumers aedusrse. To see this, note
thatdAp*(Ac)/dAc is equal to 13 for B8 = 1, i.e. if all consumers are informed. This
coincides with the standard Hotelling case. By contrastgfea: 1 our model predicts
exacerbated price variation in markets with cost asymetri

This is in stark contrast to Heidhues and Koszegi (2008) vaumd that price variation
is reduced in markets with loss-averse consumers. THisrehce arises because in our
model prices are set early and become transparent befoseirmans form their refer-
ence point distributions. Consumers in our setup therefar@rporate the realized level
of price variation into their reference point distributioistead of forming expectations
about the future level of price variation: they do not forntiéfe about firms’ price setting
strategy but only about their own product choice for giveraskied prices. This product
choice is uncertain due to the uncertainty about ideal $astonsumers therefore cor-
rectly identify high-price firms before forming their reérce point distributions. This
affects firm behavior. They condition their price-setting hetaon the cost dference
since they are informed about own and rival’'s costs. It fefidhat high-cost firms have
less incentives to pool with mordfeient firms in our setup than in Heidhues and Koszegi
(2008).

Let us now look at the individual prices set by the two firms.r Eomparative statics
we use markupsy = p; - ¢, i € {A B} instead of prices because markups are net of
individual costs and depend solely on codtatiences? At the same time we could use
individual prices but focus on changes in rival’s costs only

First, we observe that the low-cost firm’s markup is incneggir decreasing depending
on the degree of market asymmetriex@st diferences) and the share of uninformed
consumers in the market.

32This follows directly from firms’ first-order conditiondc affectsp; — ¢ = ¢(Ap)/¢’(Ap) via Ap.
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Proposition 5. For g < 1andA > 1, the equilibrium markup charged by the low-cost firm
m,(AC) = pa(Ac, ca) — ca is either first monotonously increasing and then decreasing
the cost dfference if the share of informed consumgiis high, or always monotonously
decreasing ifs is syficiently low. Forg = 1 or 4 — 1, m(Ac) is always monotonously
increasing.

In the latter case when all consumers are informed or theviiaiah bias vanishes we
receive the standard Hotelling result that the low-cost fanes a larger markup in more
asymmetric markets.

Proof.

dm(Ap'(Ac)) _ dm,  9Ap’
dAc ~ OApT dAC’

where by FOC,)

oMy _ Py _ (@)Y -¢"-¢ - 0
dAp*  OAp* (¢')? ’

(26)

which may be positive or negative f6r< 1. Firm A's markup is increasing in the price
difference if the price dierence is rather low and the share of uninformed consumers is
not too high. It is decreasing for large pricétdrences andr if the share of uninformed
consumers is high. Using (24) we receive that

dmy(Ap(A) _ @ -4" 6
e 3@Reeaz )

Hencem, is not strictly increasing i\ p*. Firm A’s markup decreases in the pricefdi-
ence if the price dierence, i.e. if the cost asymmetries in the industry/@rtie share of
uninformed consumers become too large. (Compare markBp of |

Note that, fop = 1,dm,/dAc collapses to A3. This implies that in the standard Hotelling
world without behavioral biaseg & 1) the markup of the morefécient firm is increas-
ing in the cost diference. The proposition thus shows that a local increaskeeotadst
difference may have the reverdéeet under consumer loss aversign<{ 1, 2 > 1). If
the degree of loss aversion and the share of uninformed nmrsLare high, firms obtain
much higher markups under symmetric costs than in the stdndiatelling world (com-
pare table 2). This leads to a levélext due to high markups if costftBrences increase:
Firm A decreases its markup to gain more consumers already irlglagymmetric mar-
kets. It does so although in these markets price sensitfifemand is lower than in
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the standard Hotelling world due to the dominating loss anttiste dimension. Here, the
effect of a high markup level dominates thiéeet of a low price sensitivity of demand.
For intermediately and strongly asymmetric markets f&kndecreases its markup even
further since in these markets the price sensitivity of desnlaecomes even larger than
in the standard Hotelling world due to the dominating losthaprice dimension. Under
very large cost dferences firmA’s markup might even fall below its level in the standard
Hotelling case (compare Figure 5).

Second, we consider the markup of fiBn

Proposition 6. The equilibrium markup charged by the high-cost firgf{At) = p;(Ac, cg)—
Cg Is always decreasing in the cosffdrence.

Proof.

dmp(Ap'(Ac)) oMy AP

dAc 0Ap* OAC’

where by FOCg)

Mg _ 9 _ —(¢)°—¢"-(1-9)
OAp*  OAp* (¢)?

<0, (28)

which is always negative for gi. Using (24) we obtain that

dnp(Ap'(Ac)) @)V +¢"-(1-9)
dAc O 3(@)2 + ¢ (1 - 29)

<0. (29)
O

Note that forg = 1, dn/dAc is equal to-1/3. Thus the qualitative finding that the
equilibrium markup of the high-cost firm is decreasing in ¢bst diference is preserved
under consumer loss aversion. Due to a lewkdat of high markups we find that firm
B’s markup is decreasing more strongly than in the standarllft world without
behavioral bias. However, the critical market asymmetmyvinich its markup drops
below its Hotelling level has to be larger than for filn This is presented in Figure 5.

4.3 The role of information

In this subsection we focus on comparative statics resutts nespect tg, the share of
initially informed consumers. These results are relevargvialuate information disclo-
sure policies by public authorities and firms. The lattervie new insights into the
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m,(Ac; B) : solid, mi(Ac; B) : dashed g = 0vs. 1 :thick vs. thin

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

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

0) = 0.75963.

Figure 5: Equilibrium markup of both firms

firms’ advertising and marketing activities. Our first resuidncerns the equilibrium price
difference.

Proposition 7. The equilibrium price dferenceAp*(8) is decreasing irs.

Proof. Recall that the equilibrium is implicitly characterized by

1-2¢(Ap; B)
Ap-Ac— ——222PP)
I

The equilibrium price dterence then satisfies

W) (220 205 - 5 (- 2¢>)
d5 () %
_ (¢ . (2¢’¢ﬁ M/ 2¢;;¢)
3@ + (1 29) )

204+ 41— 29)
@Y + ¢ (- 29)

We show that the numerator 8122 , denoted bN(AP*; B) = —(2¢'¢ + ¢,(1 — 29)) is
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negative: For alAp with 0 < Ap < Ap™® and for allg € [0, 1], we can rewrite

NARI) = 2605~ $4(L - 26) = 2((1— P+ Bz) - (o~ o)
HRoo~ 51~ 2(1~ F)on — 28%0)
1

. . . 1 .
= Y(Xun — Xin) + (X = 5)(1 — 2%in)

1. . . 1
= qun‘i'(xun)(l_zxin)_ﬁ

A R
= Y(Xun + E) - Xun(2X|n 1)
- . 1 . 1
= _ZtX:Jn ’ (Xin - 5) + 1(Xun - E)
n A 1 . 1
= _2txun(Ap)(Xin(Ap) - 5) + (Xun(Ap) - E)
SinceN(0;) = 0 and

—5Néigﬁ) = (2R AP Ra(AP) - 5) + Z(KAAPNRKn(AP) ~ Fir(AP))

~2(2%(aP)Ra(8P) - ) +0-0) < 0

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

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

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

D(0;8)

The sign of the derivative is of ambiguous sign:

9D(Ap; B)

aAp 6¢I¢Il + ¢IH(1 _ 2¢) _ 2¢Il¢/

4¢/¢N + ¢/H(l _ 2¢)

ThusD(Ap*; B) is not necessarily non-negative. However, sibga p*; ) is equivalent
to the tangent condition (20) which approaches zeppt Ap®?(1,t) we conclude that

dAp*(B)
ds

<0 (30)

for Ap < Ap®(4,t), which is the relevant domain for equilibrium existence. ]
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The above proposition says that prices become more equakashare of initially in-
formed consumers increases, or, in other words, that thelgbpn average becomes less
loss-averse. Put fierently, more loss-averse consumers lead to larger pritereinces.
This is in stark contrast to one of the main findings in Heighaed Koszegi (2008) who
show in their setting that consumers loss aversion is analgcfor focal prices compared
to a setting without behavioral biases in which firms woulddserent prices (using our
terminology they compare a setting with mass 1 of uninforro@asumers, i.eg = 0,
to a setting with mass 0 of uninformed consumers, which spords to a world without
behavioral bias). Their message is that consumer lossiamgends to lead to the (more)
equal prices; our finding says that consumer loss aversaus | larger price éierences
of asymmetric firms.

Let us now look at the individual prices set by the two firms. fik&t observe that the
low-cost firm’s price is monotone or inverse U-shape@ ilepending on the parameter
constellation.

Proposition 8. The equilibrium price charged by the low-cost firr(/#) may be increas-
ing or decreasing in the share of informed consungerg, (8) is monotonously increas-
ing, monotonously decreasing or first increasing and thesretesing ing. It tends to be

decreasing for small and increasing for large cogfetiences.

Proof.

dp(AP'(B):4) _ 9P, DAP" | 9P,
dg ~ OApT OB B’

where

Py _ @)Y -¢"¢ 20
OAp* (¢)? ’

which may be positive or negative. Henpg s not strictly increasing il p*. Firm A’s
prices goes down in the priceftrence if the price dierence becomes too large, i.e. if
the cost asymmetries in the industry or the share of uninrddroonsumers becomes too
large. (Compare price @.)

op, P - B0
B @)

= (@B + BR) R = Rn) = (Koo = %) - (L= B + o) | ¢_12
= —[(1 _ﬁ)(),zim - %)()’Zun - )’Zln) - (1 —ﬁ)()’Z{m — %)()’Zun _ )’Zm)%()?un _ )’Zm) _ ()’ZUn _ >

A

1
_)Xin ey

¢/2
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1. A 1
= —|=Xun— X:mXin] )
[2t @2

The numerator o?% is independent g8.

Pann—oy = _HLE o o). L
o AP=0) = 2(2t X’“”(O)) 70p = °
1o S G
ap* _ (qun - nxil"l)
aﬁA(Ap:Ap—e) = - pe >0

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

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

ApStIPAB(Y 1) = ((9 — (26— 151)1) + V3-| -1+ 51201 + 2)2 - (1 - 1)2)

4(3+51)

For example, for parameteas= 3 andt = 1 the critical price dference, at which the
price of the low-cost firm reaches its maximum, satisfigs™P~/%(3,1) = 0.2534. It
is also insightful to evaluate the derivative in the limegasrns to 1. In this case we

can also solve analytically for a criticAlp at which the total derivative gby is zero, i.e.
dpa(Ap"(B)B) _ 0:
dg -

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

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

atp=1

For exampleAp®tdra/ds(3,1) = 7/26 = 0.2692 atg = 1. This means that, given param-
etersd = 3 andt = 1, if we observeAp*(1) = A < 0.2692 a small increase in the share
of informed consumers leads to a lower price of the mdiieient firm,d pa/dB < O (this
confirms our numerical results in table 3 and 4), whileAqr(1) > 0.2692 the opposite
holds, i.e.dpa/dB > 0. (this confirms our numerical results in 5).

The previous proposition implies that consumers who enduynly from the low-cost
firm may actually be worsefbwhen additional consumers become informed ex ante.
Consider a change in policy fropito g/ with 8 > B. This parameterizes the market
environment. Some consumers buy from the low-price firm it lnoarket environments.
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For a stficiently large cost asymmetry, the equilibrium price of tbecost firm is lo-
cally increasing for all environments betwegandg’. Hence, all those consumers of the
low-cost firm whose ex ante information is constant acrosgwlo market environments
are worse & from information disclosure to a sharegf— g of consumers. This tends to
occur in markets in which the initial share of informed camsus is small and in which
the asymmetry (i.e. costfiierence) between firms is large.

What is the é&ect on the price of the high-cost firm? Here our result is daiahely
similar: The price tends to be decreasingifor small cost diferences and increasing for
large cost dierences.

Proposition 9. In equilibrium, the price of the high-cost firnf,{#) may be increasing
or decreasing in the share of informed consumgr;(3) is monotonously increasing,
monotonously decreasing or first increasing and then destngain 3. It tends to be

decreasing for small cost fierences and increasing for large cosffdrences.

Proof.

dps(Ap*(8): B) Opg  9AP" 0Py

a3 oApT 9B OB’
ooy —()-¢"1-¢) (. ¢"(1-9)
where dAp @) = (1 + —(¢')2 ) <0

In contrast tA, the price ofB is always decreasing inp*(5).

apy Vb1~ 9)
B (¢)?

o 1. . iy 1 - N 1
= —[ — (1 - B)Xin +ﬁ§)(xun = Xin) = (Xin — ﬁ)(l — (1= B)%un — B%in) | - @7
= - AR~ )R ) + (@A)~ 5) o~ %)
N VR
55— Xa) = (R = )1 = R0) |-
N NPV I
= _[ - E(Xun) - (Xun - E) + XunXin] ) (¢r)2 =0
O

We can also solve for critical values at which the compaeadbatics &ect changes sign:

t
20+ +7)

ApTitoelB ) ) ((—23 + (A= 10)) + 15— AUV + 2))2 - (1 - 1)2)
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For instanceAp®t9re/9(3,1) = 0.3201. AtS = 1 we can also solve analytically for a
ArAP )8 _ ().

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

t(3(1(174 + 6) - 55)— VI5-|11- 74| V(1 + 3)(31 + 5))
42(31 - 11)

Apcritde/dﬂ(/L t)

For instanceAp®tdrs/d(3 1) = 1/2 - (535 - 29) = 0.2902 ai8 = 1. This means that
for Ap*(1) < 0.2902 we expectips/dB < 0 atg = 1 (compare table 3 and 4), while for
Ap*(1) > 0.2902 we expeatipa/dB > 0 atB = 1 (compare table 5). Thus, for this set of
parameter values the overaffect of a marginal increase jhcan indeed become positive
if price differences (resp. cost asymmetries) become large enough.

Let us distinguish consumer groups by the product they aoesuWe observe that
ApCrtdre/dd( t) > Apcitdra/dB(a t) VA, t. Hence, for a larger range of cost parameters
the price of the high-cost firm is locally decreasing (conepao the low-cost firm). This
implies that, focusing on the consumers whose ex ante irgbom remains unchanged,
there exists an intermediate range of valueg ahder which consumers of the low-cost
product lose whereas consumers of the high cost productrgaman increase iB. This
means that in such cases additional information in the @tiom benefits those consumers
who purchase the high-cost product. Since the high-cosfatanly serves a niche mar-
ket we may call these consumers niche consumers. Henceniediniche consumers are
more likely to benefit from an increasegrthan the other informed consumégs.

The above observation helps us to shed some light on infasmatquisition by con-
sumers. A particular application are consumer clubs thatige early information on
match value to its members. Whether existing club membess &a incentive to attract
additional members depends on the market environment. liwezobservation also in-
dicates, that consumer clubs may be more likely to be fornyedidhe consumers. We
also note that a forward-looking club may be willing to copgéhwncreasing prices for
a while with the understanding that, as the club furtheraases in size (reflected by an
increase irB) prices will eventually fall.

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

dgs(AP'(B):) _ d%a(AP) dAP'

_ 5 dRn(AP) dAP'
a8 dAp- B

dAp* dp

+ Kin(APY) + (1= B) — Kun(AP7)

33The dfect on uninformed consumers is ambiguous from an ex ant@getige since they buy the
low-cost and the high-cost product with positive probaili
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daa(Ap) dAp’
OAp* dg
—

52 52

+()A(in(Ap*) - )?un(Ap*)) 2 0,

which is positive for small cost (resp. pricetdrences and negative for large cost (resp.
price) diferences (consider also Figure 6). Hence, in rather synenetrkets the de-
mand of the morefécient firm rises, as the share of informed consumers incsgasen-
pare Table 3 in the appendix). This implies that with consuhoss aversion (and a
positive share of uninformed consumers) fiAis equilibrium demand is lower than in
the standard Hotelling casé.Our result is reversed in strongly asymmetric markets in
which the demand of the moréieient firm decreases in the share of informed consumers
(compare Table 5 in the appendix).

gx(Ac; 5 = 0.2) :solid, g,(Ac; 8 = 1) : dashed

T
A

0.65
0.60- -7

0.551 -

I I I I | I I I | I I I | I I I | AC
0.2 0.4 0.6 0.8 1.0

The Figure shows the equilibrium demand of fidkefor markets with either many
uninformed consumerg (= 0.2) or only informed consumers=benchmark case,
B = 1) as a function of cost fferences\c for parameter values df= 1 andaA = 3:
Ac"(3 = 0.2) = 1.00993.

Figure 6: Equilibrium demand of firmA

What about private incentives to disclose information? ddrass this question we will
have to investigate theffect on profits. Here private information disclosure can lense
as the firms’ management of consumer expectations (i.ererefe points). Note that in
our simple setting information disclosure by one firm fuligaoses the information of
both firms since consumers make the correct inferences flimareing the match value

34This is qualitatively in line with Heidhues and Koszegi (8)@vho predict equal splits of demand
between firms in asymmetric markets.
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for one of the two product®.

d “(B), PAB); dpa(ApT;

dan(APA) _
ds ds -

dg

drs(AP(6). P5(B): ) _ dp*B(Ap*;ﬁ).(l_ n(Ap" ﬁ))

48 48
daa(Ap*;
_(DE(AD*,ﬁ) _ CB) . # s 0

It is of interest to compare the size of the pridéeet to the size of the quantityfect

for different degrees of market asymmetry. Numerical simulatinoggest that the price
effect dominates the quantityffect for allA > 1. Thus, profits closely follow prices.
Here, we confine attention to a single numerical example. cFitieal value ofAp such
thatdra(.)/dB = 0 atB = 1 andd = 3andt = 1,ca = 0.25, andcg = 1 isAp = 0.2581.
The critical values of\p s.t. drg(.)/dB = 0 at the same values as abovajs= 0.2870%°
For comparison, we take a look at table 4 in the appendix: Titiead value a3 = 1 is
Ap*(1) = 0.25. Hence, the critical values afp atg < 1 are larger thanp*(1). Moreover,
ApSt > ApSTt,

Our numerical example also suggests that increasing ttial islhare of ex ante informed
consumers first none, then one and then both firms gain froonnvation disclosure. In
case of conflicting interests it is the mor@aent firm which locally gains from informa-
tion disclosure as an expectation management tool.

Our numerical finding has direct implication for the obselraelvertising strategy of the
firm. Our model predicts that it is rather morgieent firms that advertise product fea-
tures and price and run promotions that allow consumergitasts etc. This means that
one should observe a positive correlation betweciency level and advertising and
marketing activities of the above mentioned form. We woiltd to stress that although
all consumers will be fully informed at the moment of purahaasdvertising content and
price matters for firms if consumers are loss-averse. Wittiosibehavioral bias it would
be irrelevant whether or not a firm advertises price and chariatics.

35This is due to our assumption that firms necessarily locatiistance 1 from each other. It applies to
either the setting in which uninformed consumers do not kiteir type before forming their reference
point or they do not know the locations of firms in the prodyace.

36Note that we have problems to obtain an analytical solut®a function oft andt or cg even for the
special casg = 1.
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How are the dierent consumer groups doing after an increase of the shaméooined
consumers? Let us first consider informed consumers. Thairge in consumer surplus
is simply a weighted average of price changes. To show thisexederive the aggregate
consumer surplus for informed consumers.

1

Xin(AP(B))
CSaP®.PoB) = [ uaxpadx+ [ el pas)ex
0 %

in(AP(B))

We thus receive

dcs, _ f*n“p‘ﬁ” OUA(X PAB)) dpa fl dus(x. pe(8)) dps
__ 7 - . dx+ . .dx
ds 0 opa(B) ds smape)  OPs(B) ds
=1 =1

" d . d
= _Xin(Ap)d_ZA -(1- Xin(Ap))d_ZB z 0.

Consumer surplus of informed consumers may increase oeaseln the share of in-
formed consumers. The sign of the derivative is determinethb weighted marginal
price changedp /dg of the two products. If the two prices respond ifféiient directions
some informed consumers are bettérwhereas others are worsé @ response to a
increase in the share of informed consumers.

Evaluating the ex anteffect on uninformed consumers is more involved because gains
and losses relative to their reference point have to be tekeraccount.

1-%un(Ap(B))
CSpa)pelB) = ([ 00 pale). pele) Rl pE))x

Kun(Ap(B))
f U palB). PelB): RPN
1

—Zun(Ap(B))

1
+ f Ug(X, Pa(B), Pa(B), Xun(AP(B)))dx,

Xun(Ap(B))

whereua(X,.) andug(x,.) represent uninformed consumers’ géoss utility for distant
consumers of and nearby consumers Bfderived in (5) and (6), and

Ua(X, PA(B), Pe(B), Xun(AP(B)))  =(V—1tx— pa) + (1 - Xun)(Ps — Pa)
408 4 (1= R - 201 )X+ o)

which demonstrates the gdwss utility for nearby uninformed consumersAf Ga(X, .)
differs fromux(Xx, .) only in the taste dimension of the gAwss utility.

In contrast to intrinsic utility the gajtoss utility also depends on reference point distribu-
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tions which require knowledge of all prices and the locatibthe indiferent uninformed
consumer. Taking derivatives with respecBtae obtain

dCSin _ *“”(Ap(ﬁ”(auA(x, ) dpa  ua(X) de) - dx
3 Jo dpa d8  dps OB
. ( fl‘*“”“pw” (aaA(x, ) d%n(Ap) dAp) dx
0 O%un dAp ds
N fﬁun(pr)) (auAEx, ) d&an(Ap) dAp) _ dx)
1-%n(ap(@) \ Xun dAp dg
. fl (c’)uB(x, ) dpa . dus(x,.) dps . dus(x,.) dXun(Ap) dAp
sn(ap@) \ OPa OB ops OB O%un dAp  dB

~dx

Beside consumers’ intrinsic utility a price change ali@@s consumers’ gaifiesses
with respect to the price dimension via the varying pridéedence. A change of the loca-
tion of the indiferent uninformed consumgg, has an impact on consumers’ galosses
in both dimensions. The taste dimensionfi&eted since an increase xf, Shifts mass
of the reference point distribution to the upper #ilAn impact on the price dimension
occurs since the probability of buying at a specific priceate}s on the location at which
consumers are infferent between two products. The equatiod©f,,/dg can be further
simplified to

dCSun_ s dpA S de
g - g~ AR
d dA
(4= D1 %) + 4P (o A2~ %) - T2 ) (-G
d%un _dﬂo

1. . R
- t(z(zxun -1~ (-1 + 2)) z0,  (31)
where the first line shows margindtect ofs on intrinsic utility (compareCS;,). This ef-
fect is positive in markets with small costidirences in which prices decrease in the share
of informed consumersif/dB < 0) and negative in markets with large codteliences
in which the reverse is true.

In the second line of equation (31) the marginfieet of 8 on the price dimension of
consumers’ gaithoss utility is depicted. An increase of the share of infodneensumers
has a positive overall impact d@S,,. This holds true for two reasons. Firstly, from
Proposition 7 we obtain that the pricef@rence is a decreasing function in the share of
informed consumers. It turns out that a lower pricéadence £seize of gains and losses

371t can be easily shown tha&(sX;,,) first-order stochastically dominat&(s%,n) for all X, > Xun
feasible.
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in the price dimension) always reduces the losseBfmnsumers more in total terms than
the gains forA consumers (consider the first term in second line). Secpadipwnward
shift of the location of the indierent uninformed consumer (caused by an reduction of
the price diference) makes uninformed consumers of both firms befitevith respect to
gainglosses in the price dimension since the reference pointlaision becomes skewed
towards gains. This means that the probability of facingss lim the price dimension
decreases (fdd consumers), while the probability of facing a gain in theprimension
increases (foA consumers).

The third line shows that the margindtect of 8 on the match value dimension of con-
sumers’ gaifloss utility is always negative. A downward shift of the Itioa of the
indifferent uninformed consumer (caused by an incregg8edecreases the probability of
large taste dierencesg € (1 — Xun, Xun]) keeping the probability of small tasteftérences
(s€ [0, 1- %)) constant® Since remaining uninformed consumers of fidare located

on the interval with small taste filerences, they feel the same losses but lower gains.
They are clearly worsefbwith respect to the the match value dimension of their fass
utility. The same holds true for nearby uninformed consumoeéfirm A. On top of lower
gains, more distant consumersfAéxperience higher losses due to the downward shifted
reference point distribution for the taste dimension. Thhe overall &ect of 8 on the
taste dimension of consumers’ géass utility must be negative indeed.

The overall &ect of 8 on CS,, is positive in rather symmetric markets since tlfieet
of B on individual pricesp; is negative in these markets (comp&8$;, and the tables in
the appendix). By the same argument, tfffiea is negative in more asymmetric mar-
kets. Hence, the result from informed consumers qualétivarries over to uninformed
consumers. The reason for this that the sign of tiiece of 8 on both dimensions of
consumers’ gaiioss utility does not change in market asymmetries. Morgavean

be shown that for all > 1 andAc feasible the sum of the second and the third line of
(31) is negative, i.e. the marginaffect of 8 on the taste dimension dominates its ef-
fect on the price dimension of consumers’ gkiss utility. Unfortunately, this does not
sufice to predict that the sign @fCS,,/dB is changing for a higher level ¢f in inter-
mediately asymmetric markets since the price changes jvdatermine the sign change
of consumer surplus, are weighted byfelient means between informed and uninformed
consumers. Table 4 demonstrates thiea of the weight dterence dominates the nega-
tive effect of 8 on the both dimensions of consumers’ gain loss utility, ttee critical 8

at which the marginal consumer surplus of uninformed coresarswitches sign is lower

38This argument also relies on the FOSD propert@(dXun).
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than the criticapp for informed consumers.

To determine the overallfiect of 8 on aggregate consumer surplus of both consumer
groups, an additional decompositiofieet has to be taken into account. Thikeet re-
flects the consumer surplus of the group of formerly uningxinsonsumers which be-
come informed. The overalliect of 3 on aggregate consumer surplus is determined by

the first derivative oCS(8) = 8 - CSin(pa(8), Pa(8)) + (1 — B) - CSun(pa(B), Ps(B)) with
respect tg, which yields the following expression

dCS_ , dCSn o .4 . OdCSu

W - IB d,B + CSm + (1 :8) dﬁ CSun
_ . dcs, dCSu . ne _
- B : dﬁ + (1 _B) ' dﬁ + (CSIn CSun)'

It can be shown that the decompositidffieet represented byCS;, — CS,,) is always
strictly positive, which is intuitive since the group of mfdirmed consumers faces a lower
average utility level due to the higher weight on losses thiamgains. Although some
uninformed consumers which receive high match value at Ioeepare better f than
their informed counterparts, the average utility of unimied consumers is lower due
to the losses in the taste dimension of consumers located fapan the product they
purchase and the losses in the price dimensioB cbnsumers (consider the tables in
the appendix). It turns out that the decompositiie& always dominates the group-
specific €fect of 8 on consumer surplus. This means that the group of consunters w
becomes informed is so much bettdf that its surplus increase always dominates the
surplus change of the remaining uninformed consumers adithinformed consumers.
This holds even in strongly asymmetric markets in which ri@mg uninformed and old
informed consumers are wors# @ the share of informed consumers increases.

5 Extensions

5.1 Relative weight on gain-loss utility

Consider next consumer preferences for which the intrinslity is weighted by one,
while the gain-loss utility has a weight af> 0.3° It could now be asked whether a change
of the relative weight on the gain-loss utility has #elient influence on the location of

3%Fora = 0 we are obviously situated in a standard Salop world.
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the indiferent uninformed consumer than a change in the degree ohvessiont. The
next proposition shows that this is not the case.

Proposition 10. Suppose the utility function of uninformed consumers steowaddi-
tional weight,a > 0, on the gain-loss utility, i.e. all terms except for the insic utility
term in(5) (resp.(6)) are pre-multiplied byx.

Then VA’ > 1,o’ > 034 > 1 such that

Xun(Ap; 4, @ = 1) = Xun(Ap; ', @), (32)

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

Proof of Proposition 10.The derivation of the indierent uninformed consumer with
extended preferences is analogous to the derivation ofnitiéerent uninformed con-
sumer fora = 1 provided in the proof of tmma 1. With a-extended preferences the
location equals

1+a21-1) Ap JAW__@Q&+D+3) (@1 + 1)2

Xun(Ap; A, @) = 2a(-1) a4t \162  dat(i-1) 402(A - 1)
(33)

By solving for A in equation (32) we receive

1+ -1)

AW, ) 1+a

(34)
Sinced(X,a’ = 1) = X andd1/da’ = 2(X - 1)/(1 + a’)?> > 0, A shows the required
properties. O

The previous proposition points out that for any change efréiative weight on gain-
loss utility apart from one, there is an equivalent changbefegree of loss aversiah,
which shows the same sign.

5.2 Asymmetric product quality

Our model is easily extended to allow foffid@rences in product quality which are known
to consumers at the beginning of the game. An informed coesanatility function is
u(x p) = (v — pi) —tly, — X. We then distinguish between a quality-adjusted price
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dimension, which includes easily communicated productadtaristics which are of un-
ambiguous value to consumers and a taste dimension whiktldasthose product char-
acteristics whose value depends on the consumer type. Weedgiality-adjusted (or
hedonic) pricep,"= p; — Vi, | € {A, B} for all consumers and consider those to be relevant
for consumers’ purchase decision. The maifiedence arises for uninformed consumers
when building their reference point distribution with respto prices. Here, only the
gairyloss in quality-adjusted pricesp = Ap — Av mattersAv = vg — va. We label firms
such thatAc — Av > 0 and call firmA the more éicient firm. In the following propo-
sition we show that any market with asymmetric quality isieglent to a market with
symmetric quality and more asymmetric costs.

Proposition 11. For any market with asymmetric quality represented by aordetv, Ac)
with Ac — Av > 0 there exists a market with symmetric quality represented tagctor
(AV, Ac’) with AV = 0, Ac’ > 0 such that market equilibria of both markets are the same,
i.e. Ap* — Av = Ap”*. MoreoverAc’ = Ac — Av.

As a special case, it can be thought of all asymmetry in therfiesket being generated
by quality diferences. This means that firtndelivers higher quality in a market with
symmetric costsAv < 0 andAc = 0. Then, the costs asymmetry in the second market
shows the same size in absolute terms as the qualtgrence in the first marke\c’ =
—Av.

In the proof we show that the optimization problems of the t@osumer groups and the
firms are the same in both markets.

Proof of Proposition 11.First consider informed consumers’ utility: We fing(x, p;) =

Vi —p) —tlyi — X = —fi —tlyi — x| for all i € {A, B} in the first market andi(x, p/) =

(Vi —p)-tlyi—x foralli € {A, B} in the second market. Since in the second market quality
levels are identicalAv' = 0), it holds true thaki,(AP) = Xn(Ap’) for Ap’ = Ap — Av. If
uninformed consumers use quality-adjusted prices forroheténg their reference point
distribution in the price dimension we also receigAp) = Xun(Ap) for Ap’ = Ap— Av

by the same argument. Finally, compare firms’ maximizaticblem for both markets.
Firm A solves

rr[l)?Xﬂ'A(f)A, Pe) = (Pa + Va — Ca)[B - Xin(Pe — Pa) + (1 =) - Xun(Pe — Pa)] and
n;am(pk, Pa) = (Pa — CAIB - Xin(Ps — PA) + (1 = B) - Xun(Ps — PA)]-

Firm A’s equilibrium prices are identicaffimarkups in both markets are identical, i.e.
Pa + Va — Ca = P, — C,, and both demand functions are identical, X" = Ap — Av.
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Analogously, for firmB this holds trueff pg + Vg — Cg = pg — Cg andAp’ = Ap — Aw.
Finally, taking markup dferences between firms we geb + Av— Ac = Ap — Acin first
market and\p’ — Ac’ in the second market. Favp’ = Ap — Av both markup dierences
are the samdliAc’ = Ac — Av. |

6 Conclusion

This paper has studied the impact of consumer loss aversioracket outcomes in asym-
metric imperfectly competitive markets. Consumer losssiva only makes a éierence
compared to a market in which consumers lack this behavimaal if they are uncertain
about product characteristics or associated match vakeiattial stage where they form
expectations. Early information disclosure can thus berpreted as expectation man-
agement. Such information disclosure can be achieved ghradvertising campaigns
and promotional activities which do not generate additionfarmation at the moment of
purchase (at this point consumers would be informed in asg)caut make consumers
informed much in advance of their actual purchasing degisio

We followed Heidhues and Koszegi (2008) and modeled the ebarska Salop circle. Our
framework, however, has notabldigrences to their work: consumers and firms know the
market environment; in particular, they know the actuayfametric) cost realizations.
Consumers also observe prices from the outset. Our modetished by considering a
heterogenous population whichfidrs according to their knowledge of their preference
point at the initial point when they form their (probabiltreference point. Our model
delivers remarkably dierent results compared to Heidhues and Koszegi (2008):ewhil
they obtained focal pricing as a consequence of the pres#riass-aversion in the pop-
ulation, we have shown, by contrast, that the pridéedenceincreasesn the share of
uninformed loss averse consumers. We also show that pmckprafitsdecreasdf the
cost asymmetry is large.

Our results have implications for public policy and the firavertising strategies. There
are instances in which consumers would gain from more infion whereas both firms
would refrain from early information disclosure, namelyewhthe market is symmetric
or moderately asymmetric. Thus, our model predicts tha¢ebing and other marketing
instruments that allow for early information disclosur@abmatch value should be more
prevalent in markets characterized by large asymmetriggda® firms. Public informa-
tion disclosure (which allows consumers to learn the pritglusatch values) then would
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increase consumer surplus. In more asymmetric markets roetlo firm gain from in-
formation disclosure because this leads to higher pricdsen&ver firms have conflicting
interests with respect to information disclosure, it isttiare dficient firm that discloses
information.

We have analyzed industries that are characterized by sgstraetries. Alternatively,
asymmetries with respect to observed product quality magtbeduced. Since there is a
one-to-one relationship between these two models ourhisaye directly applicable to
a model in which firms dfer in observed product quality.
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7 Appendix

Existence result completed

Lemma4. 1. Forde (L1+2V2], Ap™ > 0is uniquely determined by the non-
deviation condition in(17),

o (oapm) - 9)
R

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

2. Fora>1+2+v2, 3p%1) > 0s.t. Ap"%Ac = 0,8 = (1)) = 0.

Proof. First note that the non-deviation condition is triviallytisied atAp = Ap™®*
(see Figure 7 below for a graphical illustration of the n@widtion condition). It can be
shown thatAp + % approachea p™*from above forAp < Ap™®:. At Ap = 0,
Ap+ % is strictly increasing and strictly concave. Moreovep,+ %

is continues and exhibits at most one saddle pointjox Ap™®* Taken together, there
exists a uniqgué\p < Ap™®* at which the non-deviation condition is satisfied. Denoting
thisAp by Ap™, Ap" < 0 if and only if atAp = 0, Ap + % < Ap™ It can be
shown that/t > 0 andg = 0 this holds if and only ift € (1,1 + 2V2].

(* Establish continuity and monotonicity of non-deviatioondition ing *)
For A > 1+ 22 the non-deviation condition can be reinforce@if- 0. Solving for
B(A) in Ap"(Ac = 0,8 = 85(1) > 0) = 0 yields

B -A(52 + 14)+ V(81 +5)(1(111(1 + 5) + 113)+ 77)- 13

crit =1
Fo" () 2(1 - 1)(2 + 3) (35)
for e (L+2V2, 19 (i.e. Ap™ = AP) and
_ 3_ 2 2 _ _ _
i”t(/l) Z1- 372° — 21AA° + 17717 — 54AA + 2471 — 21A — Q + 83 (36)

2(12283 — 7A2% + 4642 — 10AA + 81 + 17A — 66)
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Ap + % - solid, Ap™*: dashed

0.80

075F—————————<"———————————__T==

0.70

0.65

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

The Figureshows the non-deviation condition of filmas a function of the price
differenceAp for Ac = 0.25 (ca = 0.25,cg = 0.5) and parameter values gf= 0,

t =1, andl = 3: Ap™ = 0.27889,Ac™ = (Ap™ - f(Ap™®: 0)) = 0.75963,Ap™ =
AP = 3/4, andAp = 0.83485. Non-deviation foAp < Ap™ = 0.27889.

Figure 7: Non-deviation for asymmetric industries

with Q = (445 — 2A 1%+ 15961° — 918A1* + 198481* — 9316A 13 + 913841° — 31228\ 12 +
19726812 — 42618\1 + 201868 — 20366\ + 78880}%/2
andA = V312+141+15 fora > A° (i.e. Ap™ = Ap). Forl — oo it holds that

L) — 1- ‘37+2_12f14% ~2V3 . 0.577. Compare Figure 4. O




Table 3: Small Cost Dierences:

The table shows the analytical solution of the market elggifor parameter values o6t 1,1 = 3,ca = 0.25,¢5 = 0.5:
BopB) P AP aAP)  %a(AP)  Ra(AP) 7 ) cs Ccs.  Cs

1.0 1.33333 1.41667 0.0833333 0.541667 0.541667 0.5324%86806 0.420139 1.37674 1.37674 1.16648
0.8 1.37274 1.45643 0.0836887 0.539995 0.541844 0.5325%06272 0.439961 1.29508 1.33717 1.12672
0.6 1.41524 1.49932 0.0840806 0.538326 0.54204 0.53273%27P81 0.461361 1.21022 1.29448 1.08382
0.4 1.46121 1.54572 0.0845149 0.536662 0.542257 0.53293860008 0.484522 1.12178 1.24832 1.03742
0.2 1.51103 1.59603 0.0849986 0.535002 0.542499 0.5331&74663 0.509652 1.02934 1.19828 0.987112
0.0 1.56518 1.65072 0.0855405 0.533347 0.54277 0.5333401446 0.536986 0.932421 1.14388 0.932421

Table 4: Intermediate Cost Derences

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

B PAB) PsB) AP (B)  aa(Ap)  Rn(APY)  Run(ApY) 9 Ty Cs CS, CSin

1.0 15 1.75 0.25 0.625 0.625 0.605992 0.78125 0.28125 @31401.14063 0.834921
0.8 1.5039 1.758 0.254109 0.62324 0.627054 0.60798 0.78187285586 1.07357 1.13519 0.827071
0.6 1.50553 1.76414 0.25861 0.621651 0.629305 0.61017 08028 0.289112 1.00758 1.13188 0.821115
0.4 1.50448 1.76803 0.263546 0.62026 0.631773 0.61258580D0A4 0.29165 0.942908 1.13111 0.81744
0.2 1.50029 1.76925 0.26896 0.619097 0.63448 0.615251 40487 0.293008 0.879835 1.13332 0.816464
0.0 1.49248 1.76737 0.274896 0.618194 0.637448 0.6181948092 0.292988 0.818625 1.13897 0.818625

SYANNSNOD) dASUIAY/-SSOT] HLIM SLANAY || NI HINSOTOSI(] NOLLVINYOAN | ANV ONIDIEH

TS



Table 5: Large Cost Mierences:

The table shows the analytical solution of the market elgudifor parameter values of= 1,1 = 3,c5 = 0.25,c5 = 1.25:
Non-existence foB = 0 (see Figure 3)ga(Ap*) is decreasing i, i.e. uninformed consumers are easier to attract thannrddr
consumers. Reason: Due to large pricgedences loss aversion in price dimension dominates logsiaman taste dimension.
Uninformed consumers are more willing to buy the less expensoduct.

B

1.0
0.8
0.6
0.4
0.2
0.0

PAB)

1.58333
1.5623
1.5361
1.5043

1.46663

P& (B)

1.91667
1.90417
1.88738
1.86596
1.83971

Ap*(B)

0.333333
0.341863
0.351282
0.361666
0.373075

da(Ap?)  Kn(ApY)

0.666667
0.66734
0.668631
0.670654
0.673535

0.666667
0.670931
0.675641
0.680833
0.686538

Xun(AP*) Ty

0.6483 888889 0.222222
0.652973 51587 0.217615
0.65811%9926 0.211208
0.663868110989 0.202865
0.6702819444 0.192519

3k

g

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
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