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1 Introduction

Consumer information about price and match value of pradisca key determinant of
market outcomes. Previous work has emphasized the rolensuceer information at
the moment of purchaself consumers are loss-averse, information prior to the mime
of purchase matters: Product information plays an imporale at the stage at which
loss-averse consumers form expectations about futursactions.

In this paper, we develop a theory of imperfect competitmmvestigate the competi-
tive effects of consumer loss aversion. Our theory applies to itigpegoods, with the
feature that consumers readily observe prices in the matkdiave to inspect products
before knowing thematch value—i.e., the fit between product characteristics and con-
sumer tastes. As we argue below, this applies to a numbeodtipt categories and, thus,
is important for understanding market interaction.

Loss aversion in consumer choice has been widely documengedariety of laboratory
and field settings, starting with Kahneman and Tversky (L9E£8ss-averse consumers
have to form expectations about product performance. Wwollp Koszegi and Rabin
(2006), we postulate that, to make their consumption clspioss-averse consumers form
their probabilistic reference point based on expectedéuttansactions, which are con-
firmed in equilibrium. Here, a consumer’s reference poihigsprobabilistic belief about
the relevant consumption outcome held between the time siddcuses on the deci-
sion determining the consumption plan—i.e., when she hebadit the products, was
informed about the prices for the products dfeq and formed her expectations—and the
moment she actually makes the purchase.

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

Uninformed consumers, by contrast, are uncertain abouttitleal product characteristic:
They form expectations about theétérence between ideal and actual product characteris-
tic which will serve as a reference point when evaluatingapct along its match value

1See, e.g., Varian (1980), Janssen and Moraga-Gonzale4)2ihd Armstrong and Chen (2009).

2For evidence that expectation-based counterfactualsfeuot the individual’s reaction to outcomes, see
Blinder, Canetti, Lebow, and Rudd (1998), Medvec, Madey, @ilovich (1995), and Mellers, Schwartz,
and Ritov (1999). Koszegi and Rabin (2006) and Koszegi arldriR@007) have developed the general
theory of expectation-based reference points and themofipersonal equilibrium.
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dimension. They will also face a gain or a loss relative tartegpected distributions

of price after learning the taste realization. Since allstoners become fully informed
before making their purchasing decision, we isolate tfeceof consumer loss aversion
on consumption choices and abstract from tieats of diferential information at the

moment of purchasg.

Consumers are loss-averse with respect to prices and maliod &nd have rational ex-
pectations about equilibrium outcomes to form their refeegpoint, as in Heidhues and
Koszegi (2008). Firms are possibly asymmetric due to detestic cost diterences—
this is common knowledge among the firms when the game $tafisey compete in
prices for diferentiated products. Consumers observe equilibrium gpbeéore forming
their reference point. Thus, firms can use price as an eXpati@management tool. If
firms set diterent prices, uninformed consumers will face either a lgss gain in the
price dimension, depending on whether they buy the moreess-éxpensive product.
Hence, an (ex ante) uninformed consumer’s realized netyutiépends not only on the
price of the product she buys, but also on the price of theywmioshe does not buy.

A key modeling assumption is that a share of consumers dralipwuninformed. These
consumers form expectatiobsforeknowing their match value attributed to a particular
product, butafterlearning the prices of the products. This timing with respeaforma-
tion release and reference point formation appears to bapiepriate modeling choice.
This is true, in particular, if price information is provideat the moment consumers be-
come aware of the existence of products, but in which mattevia dificult to evaluate
without closer inspection.

Let us provide some examples. First, prices of clothing dectnic devices are easily
accessible (and are often advertised) in advance whilenéxperienced consumers, the
match quality between product and personal tastes is infgess difficult to evaluate
before actually seeing or touching the product. A relategngxe is high-end stereo
equipment, including speakers. Price tags are immediatedgerved, but it may take
several visits to the shop (on appointment) or even triatgate to figure out the match
value of the diferent products under consideration—for example, becagspl® difer
with respect to the sound they like and how the system soumitieir home’

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

“4In the extension section, we show that our analysis can aspplied to products of fierent qualities.

SNote that in this market segment the retailer typically gearthe recommended retail price. Thus,
equipment makersfkectively set the retail price.
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Second, price information on products sold over the interdier example, digital cam-
eras or CDs of a particular classical concert—is immedjateailable, while match value
is often determined only after listening to some of the makgrovided online or af-
ter studying the product details on the product’'s web pageallly, competing services
such as long-distance bus rides and flights afiedintiated by departure times. Here,
consumers are perfectly aware of the product characteyisii ante—i.e., price and de-
parture time—but learn their preference concerning tlial point of departure only at
some later stage (after forming their probabilistic referepoint, but before purchase).

In this paper, we focus on implications of consumer lossswaron pricing strategies
and information disclosure. Our companion paper, Karle Reitiz (2009), provides a
detailed account of competitivéfects in symmetric oligopoly.

Our first main result is that, in asymmetric markets (and weinal weights assigned to
the price and the match value dimension), price variatiterger than in a market without
loss-averse consumers (or, equivalently, only ex antenméd consumers).

Our second main result is that, in asymmetric markets, lesisseon—or, more precisely,
the presence of more ex ante uninformed, loss-averse camsusmay lead to lower
prices. Hence, the standard result that more informed coessi(or more consumers
without a behavioral bias) lead to lower prices is challehgeour model when firms
are strongly asymmetric, while it holds in symmetric and eragely asymmetric mar-
kets. The driving force behind this result is that loss aeersn the price dimension
has a pro-competitivefiect, while the &ect of loss aversion in the taste dimension is
anti-competitive. The pro-competitivéfect dominates the anti-competitivefext if the
size of loss aversion in the price dimension becoméscgently large—this is caused by
strong cost asymmetries. In those markets, uninformeduroess are reluctant to buy
the expensive product and, instead, accept a large reduntimatch value when buying
the low-price product.

Our paper contributes to the understanding of tiieot of consumer loss aversion in mar-
ket environments and is complementary to Heidhues and I§0$2@08) and Karle and
Peitz (2009 Also, Zhou (2008) considers competitiveets in a model with consumer
loss aversion. However, in his paper, consumers do not lefseence points on expec-
tations but on past choices. A contribution of our paper ishtow that consumer loss
aversion increases competition, compared to a setting inhndonsumers are not sub-
ject to this behavioral bias, in strongly asymmetric maglkaatd relaxes it in moderately
asymmetric markets.

60ur companion paper considers a generalized oligopoly htbagabstracts from market asymmetries.
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In our modeling &ort, we followed Heidhues and Koszegi (2008). Our framewhbdkv-
ever, has notable fierences to theirs: First, consumers and firms know the market
vironment; in particular, firms know the actual (asymmaetdost realizations, whereas
in Heidhues and Koszegi (2008), costs are private infomnatsecond, consumers learn
posted prices before they form their reference points, edeein Heidhues and Koszegi
(2008), consumers form their reference points before kngwiosted prices. Thus, in
contrast to Heidhues and Koszegi (2008), in our model, firars use price to manage
consumer expectations. In addition, our model deliwerigiueequilibrium predictions.
Our model is enriched by considering heterogeneous consuni® difer according to
their knowledge of their preferences when they form theioljabilistic) reference point.
Our model delivers novel results. In particular, we show tha price diference between
the two productencreasesn the share of uninformed loss-averse consumers, while Heli
dhues and Koszegi (2008) obtained focal pricing as a corsegof the presence of loss
aversion in the population. In other words, in our settihg,lbehavioral bias increases the
observed price dierence, whereas in Heidhues and Koszegi (2008), the pricatioa
between asymmetric firms disappeérs.

More broadly, our paper contributes to the analysis of bigialbiases in market settings,
as in Eliaz and Spiegler (2006), Gabaix and Laibson (200&), @rubb (2009). An
important issue in our paper, as in Eliaz and Spiegler (2088he comparative statics
effects in the composition of the population. In their modes tbomposition fect is
behavioral in the sense that the share of consumers withavioeal bias changes. We do
not need to resort to this interpretation, although ourysiglis compatible with it: We
allow the compositionféect to be informational in the sense that the arrival of infation

in the consumer population is changed (while the whole patjri is subject to the same
behavioral bias).

The informational interpretation lends itself naturathaiddressing questions about the ef-
fect of early information disclosure to additional consus&Ve analyze information dis-
closure policies by firms and public authorities in the cghtd our behavioral industrial-
organization framework. Thus, we demonstrate the posas®eof behavioral models to

’Recent empirical work that tracks prices of a large set ofipets over time in the U.S. economy
finds that firms frequently change prices and that price cegage usually big in absolute terms, although
many are much smaller; even for individual items, price tars and absolute price changes were found
to vary considerably over time (see Klenow and Kryvtsov @00We conclude from this that Heidhues
and Koszegi's (2008) theoretical explanation of pricekdtiess conflicts with observed pricing behavior for
a broad set of products. In particular, small price changes r@sult of small cost changes aréidult to
reconcile with the focal price argument in Heidhues and Kgs#2008). By contrast, our framework with
loss-averse consumers does not feature price stickinems hbedded in a dynamic model in which costs
are newly drawn each period.
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address policy questions in industrial organization. Assest above, our model has the
feature that, absent a behavioral bias, information dssok policies are meaningless.
Thus, to address these issues, the behavioral bias is iesseur model. In particular,
we show that private and social incentives to disclose méiion at an early stage are not
aligned. We also show that the moif@@ent (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 atissag as consumer expec-
tation management. Note that at the point of purchase, comsuare fully informed,
so that there is no role for informative advertising. Howegénce consumers are loss-
averse, informing consumers about their match value mdilesetconsumers informed
in our terminology. Advertising, thus, can remove the utaiaty consumers face when
forming their reference point. This form of advertising da@ seen as a hybrid form
of informative and persuasive advertising because it obsupgeferences at the point of
purchase—this corresponds to the persuasive view of asivgrt—albeit due to informa-
tion that is received ex ante—this corresponds to the indtitra view of advertising. It
also points to the importance of the timing of advertisingr Expectation management,
it is important to inform consumers early 8n.

Our paper also complements the work on consumer searchdugranarkets (see, e.g.,
Varian (1980), Anderson and Renault (2000), Janssen andddeGonzalez (2004), Arm-
strong and Chen (2009)). Whereas that literature focusekeodtect of diferential in-
formation (and consumer search) at the purchasing staggaper abstracts from this
issue and focuses on th@ext of diferential information at the expectation-formation
stage which is relevant if consumers are loss-averse. [¥;ioalr paper complements the
large literature on imperfect competition infidrentiated product markets by analyzing
the competitive fects of consumer loss aversion.

The plan of the paper is as follows. In Section 2, we presentribdel. Here, we deter-
mine the demand of uninformed consumers. In Section 3, wectaize the duopoly
equilibrium. In the accompanying Appendix B, we establighibrium uniqueness and
equilibrium existence. Our existence proof requires usdoni the parameters of our

80ther marketing activities can also be understood as matongumers informed at the stage when
they form their reference point. For instance, test drieesérs or lending out furniture, stereo equipment,
and the like make consumers informed early on. Arguablyeality, uncertainty may not be fully resolved
even at the purchasing stage. However, to focus our mindsnlyeconsider the role of marketing activities
on expectation formation before purchase. In short, in oadehfirms may use marketing to manage
expectations of loss-averse consumers at an early staga.cBmplementary view, see Bar-Isaac, Caruana,
and Cunat (2010).
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model—in particular, the two firms cannot be too asymmeticefquilibrium existence

to hold. In section 4, we analyze the impact of the degree sif @ymmetry on equilib-

rium outcomes. In Section 5, we establish comparativecstagisults with respect to the
share of ex ante informed consumers. In Section 6, we prawidenodel extensions: We
allow for different weights in the gain-loss utility and foffidirent product qualities. Sec-
tion 7 concludes. Most of the proofs are relegated to AppeAdResults on equilibrium

existence and uniqueness are provided in Appendix B. Aafdititables with numerical

results are contained in Appendix C.

2 The Model

2.1 Setup

Consider a market with two, possibly asymmetric firdigndB, and a continuum of loss-
averse consumers of mass 1. Firm A, B incurs a constant marginal cost of production
¢.. The firms’ asymmetry consists of af@irence in the marginal cost of production. The
more dhicient firm is labeled to be firmA—i.e.,ca < cg. Firms are located on a circle of
length 2 with maximum distancga = 0, yg = 1. Firms announce pricgs andpg to all
consumers.

Consumers of mass one are uniformly distributed on theecotlength 2. A consumer’s
locationx, x € [0, 2), represents her taste parameter. Her taste is initiall;-before she
forms her reference point—known only to herself if she bgkto the set of informed
consumers.

In our model, consumers’ flerential information applies to the date at which consumers
determine their reference point and not to the date of pgeha fraction (1- B) of
loss-averse consumers<(s < 1, is initially uninformed about their taste. As will be de-
tailed below, they endogenously determine their refergrodet and then, before making
their purchasing decision, observe their taste parametacky is private information of
each consumer). At the moment of purchase all consumersaiecy informed about
product characteristics, prices, and tastes.

All consumers have the same reservation valder an ideal variety and have unit de-
mand. Their utility from not buying is-c so that the market is fully covered.

A remark about our modeling choice is in order: We could ak#ively work with the
Hotelling line. Our circle model is, in terms of market outoes, equivalent to the
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Hotelling model in which consumers are uniformly distriéditon the [01]-interval and
firms are located at the extreme points of the interval. Hawethe circle model al-
lows for an alternative and equivalent interpretation albe type of information some
consumers initially lack: At the point in time consumersfiatheir reference point distri-
bution, they all know their taste parameters, but only ativaq 1 — 8) does not know the
location of the high- and the low-cost firm. These uninformmedsumers only know that
the two firms are located at maximal distance and that oneigha Wwhereas the other is
a low-cost firm.

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

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

The timing of events is as follows. Before the game startgimal costs €, cg) realize
and become common knowledge among fifms.

Stage 1.)Price setting stageFirms simultaneously set pricepy pg).

Stage 2.)Reference point formation stag@ll 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 in Subsection 2.3 below.)

Stage 3.)Inspection stagetUninformed consumers observe their tastei.e., uncertainty is

resolved forall consumers.

Stage 4.)Purchasing stageConsumers decide which product to buy:

a) Informed consumers make rational purchase decisions;

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

9As mentioned above, without loss of generality, we considalizationsca < Cg.
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We solve for subgame perfect Nash equilibrium where firmasdee that uninformed con-
sumers play a personal equilibrium at stage 2b. Persondgilegum in our context simply
means that consumers hold rational expectation aboutfthaippurchasing decision—for
the general formalization, see Koszegi and Rabin (2006).

2.2 Demand of informed consumers

Informed consumers ex ante observe prices and their tastenpter and, therefore, do
not face any uncertainty when forming their reference poidéence, their behavior is
the same as in the standard Hotelling-Salop model. For$pgand pg, an informed
consumer located atobtains the indirect utility; (X, p;) = v —tly; — X — p; from buying
producti, wheret scales the disutility from distance between ideal and dtaistée on the
circle. The expression-t|y; — x| then captures the match value of prodiuor a consumer
of typex. Denote the indferent (informed) consumer between buying from fivandB
on the first half of the circle by, € [0, 1]. The informed indiferent consumer is

(t+ps-— pA). (1)

Xin(Pas PB) = o

Symmetrically, a second indlerent (informed) consumer type is located-akg(pa, ps) €
[1, 2]. Without loss of generality, we focus on demand of consgrbetween 0 and 1 and
multiply by 2. We note that cost fierences influence the location of ifiégrent con-
sumers via price¥’

2.3 Demand of uninformed consumers

Uninformed consumers do not know their ideal tastex ante and, thus, are ex ante
uncertain as to which product they will buy after they havarté their ideal tastex
They, therefore, face ex ante uncertainty in the price andimalue dimension and form
reference point distributions in these two dimensions.

Three properties of consumer behavior are worthwhile pagnbut. First, consumers
have gains or losses not about net utilities but about eawdtupt “characteristic”, where
price is then treated as a product characteristic. This iméwith much of the exper-
imental evidence on the endowmefflieet—for a discussion, see, for instance, Koszegi

10g g., if there are only informed consumexg, < 1/2 + (Cg — ca)/(6t) in equilibrium . This is closer to
B for cg > ca: The low-cost firm serves a larger market share.
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and Rabin (2006). Second, consumers evaluate gains amessmsessproductst! This
appears to be a natural property for consumers facing aetiéschoice problem: They
have to compare the merits of the two products to each othathler words, consumers
view the purchasing decision with respect to these two problas a single decision prob-
lem. Third, to reduce the number of parameters, we assurhththgairfloss parameters
are the same across dimensions. This appears to be thellmochmark—again we
refer to our companion paper, Karle and Peitz (2009), forralyasis under alternative
assumptions.

While our setting is related to Heidhues and Koszegi (2008),model has three dis-
tinguishing features. First, firms’ cost realizations avsenanon knowledge among firms.
This property is in line with a large part of the industriaganization literature on im-
perfect competition and is approximately satisfied in misrke which firms are well-
informed not only about their own costs but also about tleative position in the market.
Second, prices are already set before consumers form #fieience point. This property
applies to markets in which consumers are from the startwilimed about the actual
price distribution they face in the market. This holds in keds in which firms inform
consumers about prices (but consumers are initially uaiceatbout the match value and
thus their eventual purchasing decision) or in which primespublicly posted? Third,

a fraction of (1- B) of uninformed consumers face uncertainty about theirlithestex,
whereas a fraction ¢f informed consumers know their ideal taste ex ante. Variosis-|
fications for diferential information at the ex ante stage can be given. Goesudifer
by their experience concerning the relevant product featiternatively, a share of con-
sumers know that they will be subject to a taste shock beti@®amng their reference
point and making their purchasing decision. These conssithen do not condition their
reference point on the ex ante taste parameter, whereashktmging to the remaining
share do.

Consider an uninformed consumer who will learn that shedatkd atx after her ideal
taste is realized. Suppose firms set pripgsindpg. Then the uninformed consumer will
buy from firmA if she is located close enough to fidw—i.e., if X € [0, Xun(pa, Pe)] U[2—
Xun(Pas PB), 2], Wherex;n(pa, ps) is the location of the indiierent (uninformed) consumer
we want to characterize. Hence, the uninformed consumewdt pay pa in equilibrium

Gains and losses also matter in the price dimension becauss,though prices are deterministic,
they can be dferent across firms. Hence, a consumer who initially does nowkher taste parameter is
uncertain at this point in time about the price at which shelwiy.

12This 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. We refer backte introduction for further illustration.
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with Prob[x < Xun(Pa. Ps) V X > 2 = Xun(Pa, Pe)] and pg With Prob[Xun(pa, Ps) < X <

2 — Xun(pa, Pe)]. Since x is uniformly distributed on [02], we obtain thatProb[x <
Xan(Pas Pe) V X > 2 — Kun(Pa, Pe)] = Xun(pa. Ps)—i.€., from an ex ante perspectiyg is

the relevant price with probability Prop[= pa] = Xun. Correspondingly, the purchase
at price pg occurs with probability Prollf = pg] = 1 — Xun. Thus, the reference point
distribution with respect to the purchase prigés discrete and can be expressed by the
cumulative distribution function

Xun if p € [pa, Ps)
Fip =1
1 ifp=>pe.

The reference point distribution with respect to the matalue refers to the reservation
valuev minus the distance between ideal and actual product vagety0, 1], times the
taste parametér The distribution of the distance is denoted®fs) = Prob(|x-vy,| < 9),
where the location of the firm ig, € {0, 1}, and the consumer's purchase strategy in
personal equilibrium for given pricesdse arg maxea g Uj(X, pj, p-j)-=

Let us restrict attention to the cagg = 1/2—i.e., firmAhas a weakly larger market share
than firmB also for uninformed consumers. Since some uninformed coaswill not
buy from their nearest firmG(s) is kinked. This kink is determined by the maximum
distancgx — yg| that consumers are willing to accept buying the more expernsioduct
B, s = 1 - X,, becauses < 1 — X, holds for consumers close to eith&ror B, while
s> 1- Xy, only holds for the more distant consumersfofHence, the distribution ofis

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

Note that if the indiferent uninformed consumer is located in the center betueand
B, Xun = 1/2, the expected distance between ideal and actual proditetgs|, is mini-
mized and equal to/4.

Following Koszegi and Rabin (2006), after uncertainty soteed consumers experience

134 is a function of prices and consumer’s locationonditional on consumer’s expectation about equi-
librium outcomes which are incorporated in their two-dirsiemal reference point distributiom: states a
consumer’s personal equilibrium. This equilibrium cortoeps introduced by Koszegi and Rabin (2006)
and requires that behavior-generating expectations neus¢lf-fulfilling in equilibrium.
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a gain-loss utility: The reference distribution is splitfgp 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 digtrdm. This reflects widespread
experimental evidence that losses are evaluated moreivedgdlhan gains.

The indirect utility of an uninformed consumeg (1 — Xy,, 1] purchasing of produck is
given by14

Ua(X, Pa, P8)  =(V—tX = pa) — 4 - Prob[p = pa](pa — pa) + Prob[p = pg](Ps — Pa)
X 1
—A-t fo (x — 5)dG(s) +t f (s— X)dG&(9). (2)

The first term is the consumer’s intrinsic utility from pradA. The second term is the
loss in the price dimension from not facing a lower price tipan This term is equal to
zero becausp, is the lowest price fiered in the market place. The third term is the gain
from not facing a higher price thao,, which is positive. The last two terms correspond
to the loss (gain) from not facing a smaller (larger) distaimcthe taste dimension than
Analogously, an uninformed consumer’s indirect utilitgrin a purchase of produétis
given by

Us(X, Pa, Pg) =V—1t(1-X)— pg—1-Prob[p = pa](pPs — Pa)

Intrinsic utility Loss from facing a highep than pa
1-x 1
-A-t ((1-x)—9dG(s) + tf (s— (1 - x)dG(s)
0 1-x

Loss due to expecting smaller distance thax 1 Gain due to expecting larger distance thanx1

3)

This allows us to explicitly solve a consumer’s personalildziium by determining the
location of the indiferent uninformed consumey;,,”

Lemma 1. Suppose thak,, € [1/2, 1). ThenXy, is given by

(4)

1 Ap \/Ap2 (1+2) ,  (+1F

Xun(AP) (-1 a \1e2 2a(1-2) 4 -1y
=S(Ap)

The indiferent uninformed consumer will be locatedxat X,n, therefore (1- X,n, 1] is the relevant
interval for determiningn.
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whereAp = pg — pa.t®

We relegate the proof of this lemma to Appendix A.1. The sgquaot,S(Ap), is defined
for Ap € [0, Ap] with

2t
(1-1)

(2(1 +2) - e+ 2P -+ 1)2), (5)

which is strictly positive for alll > 1. It can be shown that fot > 3+ 2V5 ~ 7.47,
the indiferent consumer satisfieg,(Ap) € [1/2, 1] for all admissible price dierences,
Ap € [0, Ap). If the degree of loss aversion is smallérs 3 + 2 V5, Xun(Ap) rises above
one. Therefore, we have to define another upper bound onitediference Ap, with
AP < Ap by the solution to,(AP) = 1. We can solve explicitly,

(1+3)
21+ 1)

AP = (6)

Thus, the upper bound for the pricefdrence (which depends on the parametersd )
for which X, is given by equation (4) is:

AP, Ifl<a<A5
Apmaxs{ T @)

Ap, if 1> S

with 2= 3+ 2V5 ~ 7.4716

2.4 Properties of demand of uninformed consumers

In this subsection, we establish a number of properties ofasel of uninformed con-
sumers and compare them to those of the demand of informesdicers—i.e., we com-
parexX;,(Ap) andX,(Ap) with one another.

The first property is a continuity property. Far— 1, the indirect utility function of
uninformed consumers filers from the one of informed consumers only by a constant.

BForx € [0, 1], a consumer’s personal equilibrium is described by

Ay = JA T XED0, Run(AP)],
T AP =1 g if x € (Run(Ap), 1]

6Note thatAp € [t- (V5—-1)/2,1) ~ [0.61&,t) for 1 < 1 < A°andAp e (t-2(V3-2),t-(V5-1)/2) ~
(0.536, 0.618) for A > A°.
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Equation (17) collapses to a linear equation and we obta(p) = Xn(Ap) as a solution
in this casé"’

The next properties refer to the sensitivity of demand wébpect to price. The first
derivative ofX,(Ap) with respect to\p is equal to X(2t) for all Ap.

Remark 1. Evaluated atAp = 0, demand of ex ante uninformed consumers reacts less
price sensitive than demand of ex ante informed consumers.

This can be seen as follows: The derivativexg{ Ap) with respect ta\p,

. (Ap_ (+2)
Kn(AP) = = = 2-S(Ap) (8t2 2t(1 - 1))’

is strictly positive for allAp € [0, Ap™®. Evaluated at\p = 0, we obtain

1 (1+2

Xin(0) = -7+ A1+ 1)

Thus, X,,(0) is approaching A2t) from below forA — 1 and J(4t) from above for

A — oo,

Moreover,X;n(Ap) is strictly convex for allAp € [0, Ap™®, as illustrated in Figure 1.

B+)B+31)

Knl&P) = G2 (sap)?

We note that the degree of convexityxaf(Ap) is strictly increasing in.

Evaluated at large price fiérences, the property concerning the price sensitivitgg4s
versed: ForAp — Ap the square rooS(Ap), turns to zero ana (Ap) turns to infinity.
Thus, X,,(Ap) > X (Ap) = 1/(2t). Demand of uninformed consumers, evaluated at a
large price diference, reacts more sensitive to an increase in the pfiezatice than the
demand of informed consumers. (This property is satisfidiokifindiferent consumer at
this price diference is strictly interior; otherwise some more care isladeas is done in
Section 4.)

SincexX (Ap) is constant andl,(Ap) continuous and monotone (with the required bound-
ary properties), applying the mean value theorem, thesgseaiunique intermediate price

Thus, reference-dependence without loss aversion doesaneé deviations from standard consumer
behavior in this setup. The continuity property holds in specification where the gain-loss utility in the
price and in the match value dimension enter with equal weighdoes not hold for diierent weights, see
Karle and Peitz (2009)
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Location of the indfiferent informed and uninformed consumerdemand of firmA)

as a function ofAp for parameter values af= 1 andA = 3; Ap = 0.8348,Ap = 3/4
andAp = 0.2789.

Figure 1: Demand of informed and uninformed consumers

differenceAp e [0, Ap] such thatx(Ap) = X (AP) = 1/(2t). This critical price difer-
ence can be explicitly calculated as

t(z VZ2-(20+2)-3 - JRA+ 2P - (1 + 1)2)
V2(1 - 1)

Ap =

9

which is strictly positive for all > 1 sinceAp(1 = 1) = 0 andAf’(2) > 0.
Hence, we find the following:

Remark 2. The demand of uninformed (or loss-averse) consumers iptegssensitive
than the demand of informed consumers if the prigiedince is smallAp < Ap.

The underlying intuition is that, for a small pricefidirence, loss-averse consumers are
harder to attract by price cuts because their gain from arqsiee is outweighed by
their loss in the taste dimension if they buy the other prodddwus, demand of loss-
averse consumers reacts less sensitive to price in thigrdfay large price diierences,
however, their gain from lower prices starts to dominatértless in the taste dimension

if consumers switch to the cheaper producer.

Remark 3. The demand of uninformed (or loss-averse) consumers ispniceesensitive
than the demand of informed consumers if the prigiedince is largeAp > Ap.
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In Section 4, we will see that this property is a driving fofoe our comparative static
results in asymmetric markets.

3 Market Equilibrium

In this section, we characterize equilibrium candidatesremging first-order conditions.
In Appendix B, we provide conditions under which an inteeguilibrium in the asym-
metric duopoly exists and under which it is unique. We stgréstablishing some prop-
erties of market demand which will be needed below.

3.1 Properties of market demand

Using results from Section 2.4, we define the upper bound of Ais demand of unin-
formed consumers &s
. Xin(AP) =1, ifl<a<AS
Rn(apren = { ForlAP) =L ®
Xun(Ap) < 1, if 2> A%
Combining (1) and (4), we obtain the market demand of #kras the weighted sum of
the demand by informed and uninformed consumers,

Xun(Ap), ifO < Ap < Ap™

ADB) =B+ Sn(A) + (L= )
AWAPS) =B %n(AP) + ( ,6’){1’ 5 Ap> A

_ { 1-2(1-39)Ap+ (L-p) - (1-P)S(Ap), if0 < Ap < Ap™a

B2+ (1-p), if t>Ap> Apm
_ d(Ap; B), ifO <Ap < Ap™ ©)
B-UR2+ (1-p). ift>Apx=Ap™™

The demand of firmA is a function in the price dierenceAp, which is kinked atA p™@,
Furthermore, it is discontinuous Ap™®*if Ap™ = Ap. It approaches one faxp = t.*°

182n(AP) = 5 — 20+2) ;&({ﬁy—wn? € (V3/2,1) for 1 > 1°—i.e., Xn(AP) is less than one fot > A°.

This leads to a jump in demand of uninformed consumengaarom X,,(Ap) to one (see the definition of
ga(Ap; B)), sincex;,(Ap) — oo for Ap — Ap.

9At Ap = t, firm A serves also all distant informed consumers which are haodattract than distant
uninformed consumers because the former do not face a Itfss price dimension if buying from the more
expensive firmB. For Ap > t demand of firmA shows a second kink. We ignore this region since we are
interested in cases in which both firms face strictly positiemand.
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Firm B's demand is determined analogously dp(Ap; 8) = 1 — ga(Ap;B). We focus
on interior equilibria in which both products are purchabga strictly positive share of
uninformed consumers—i.eAp is lower thanAp™®*. This holds in industries in which
firms are not too asymmetric.

The derivative of the demand éfwith respect t@ expresses how demand changes as the
share of ex ante informed consumers is increased. It is ffexelce between the demand
of informed and uninformed consumers:

9PpARB) _ o . 3, a+1 _
T = ¢p = Xin(AP) — Xun(Ap) = 4tAp 0

with ¢z = 0 atAp = 0 andAp = t/2. This derivative can be of positive or negative sign.

Lemma 2. The demand of firm A 0Ap; B) = #(Ap; B), is strictly increasing and convex
in Apfor0 < Ap < Ap™*

The proof is relegated to the appendix. In the remainder, ftem aefer tog as a short-
hand notation fop(Ap; 8). The derivativedp/op is denoted byy'.

3.2 Equilibrium characterization

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

O _ g t(p—c)—0 -
op = AT (P-C)G =0 i=AB

If the solution has the feature that demand of each group e$wwoers, informed and
uninformed, is strictly positive, first-order conditionacbe written as

0

8_7;),/: = ¢—(pa—cCa)p’ =0 (FOC,)

0

2= (1-6) - (ps - Ce)¢’ = 0. (FOCe)
Ps

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

We will discuss the issue of fiiciency of first-order conditions as well as the issue of
non-interior solutions and non-existence in Appendix Bic8ithe profit function of the
low-cost firm is not quasi-concave we cannot use standauttsdée establish equilibrium
existence. We now turn to the characterization of intergurikbria (pj., pg).
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Lemma 3. In an interior equilibrium with equilibrium priceép;, pg), the price dfference
Ap* = pg — p, satisfies

Ap® = Ac+ f(Ap';B), (10)
whereAc = cg — cp and f(Ap;B) = (1 - 2¢)/¢’.

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

Thus, (10) implicitly defines the equilibrium priceftirenceAp* as a function of the
parameterdc, B, 4, andt, where the latter two parametei$ext the functional form of
via ¢.2° For Ac > 0 it is not possible to obtain explicit analytical solutipase Appendix
C for numerical solutions at particular parameter valuesir €ompanion paper, Karle
and Peitz (2009), which focuses on symmetric oligopolypreppthe explicit analytical
solution for the symmetric duopoly (i.e., the case= 0).

4 Cost Asymmetries

In this section, we obtain a number of comparative statisslte in the degree of cost
asymmetry—i.e., the level afc = cg — Ca.

Proposition 1. The equilibrium price dferenceAp*(Ac, ) is an increasing function of
the cost asymmetry between firiis Moreover, the price gfierence reacts more sensitive
to Ac than in a market in which all consumers are informed ex adi(i®p*)/d(Ac) > 1/3.

The proofs of the propositions of this subsection are réézhn Appendix A.

This result says that the more pronounced the cost asymuhettgrger the price dier-
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

20Anderson and Renault (2009) face an, at first glance, sirfikad point problem as in (10). They
consider a general fierentiated product Bertrand duopoly with covered marketahich asymmetries
arise due to quality dierences between firms. The authors show uniqueness andnedsbf a pure-
strategy price equilibrium under the assumption of stagt-toncavity of firms’ demand. Although strict
log-concavity allows for some convexity of demand, in ouupethis property is not met since for large
price diferences the convexity of the low-price firm’s demand risesvatany bound—i.e¢” — oo for
Ap — Ap.
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loss averse. However, in our model the margirfiéa of an increase in costftirences

on price variation is stronger if some consumers are lossseverecall that a market in
which all consumers are informed is observationally edaiviato the standard Hotelling
case. Our model thus predicts exacerbated price variationarkets with uninformed
loss-averse consumersWe find price variation at an increasing rate in our modelidnt
itively, the more éicient firm (firm A) is tempted to use consumer expectation manage-
ment to increase its market share: Announcing a very loveicante makes loss-averse
consumers more reluctant than rational consumers to buaytte less #icient firm (firm

B) later on.

We next take a look at the individual prices set by the two firfr comparative statics
we use markupsn' = pi — G, i € {A B} instead of prices because markups are net
of individual costs and depend solely on codfatiences? Alternatively, we could use
individual prices and consider a change of the rival’s costy.

First, we observe that the low-cost firm’s markup may be iasireg or decreasing, de-
pending on the cost flerenceAc and the share of uninformed consumers in the market.

Proposition 2. For 8 < 1 and A > 1, the equilibrium markup charged by the low-cost
firm m,(Ac) = pa(Ac, ca) — ca is either first increasing and then decreasing in the cost
difference if the share of informed consumgrs high, or globally decreasing i is
syfficiently low. Forg = 1 or 4 — 1, m,(Ac) is increasing in the cost gference.

In the latter case—i.e., fg8 = 1 or 4 — 1—when all consumers are informed or the
behavioral bias vanishes we obtain the standard Hotelksglt that the low-cost firm
faces a larger markup in more asymmetric markets.

While in the standard Hotelling world without behavioraabesg = 1) the markup of the
more dficient firm is increasing in the costfterence, the proposition shows that a local
increase of the cost filerence may have the reverdéeet under consumer loss aversion
(B < 1,12 > 1). This holds true in strongly asymmetric markets: Thegsensitivity
of demand is larger than in the standard Hotelling world duéghe dominating loss in

21This is diferent in spirit to Heidhues and Koszegi (2008) who found tivate variation is reduced
in markets with loss-averse consumers. In Heidhues andeg§o$2008) consumers do not observe prices
before forming their two-dimensional reference pointriisition. Firms therefore can deviate from con-
sumers expectations about prices. This creates a disodgtin consumers’ gain-loss utility and yields to
a kinked demand curve at the expected price. The kinked degiuanve leads to price rigidities for some
cost interval and a multiplicity of equilibria. See also S@c 3.5 in our companion paper Karle and Peitz
(2009).

22This follows directly from firms’ first-order conditiondc affectsp; — ¢ = ¢(Ap)/¢’(Ap) via Ap.
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differences\c for parameter values d¢f= 1 anda = 3: Ac"(3 = 0) = 0.75963.

Figure 2: Equilibrium markup of both firms

the price dimension. We observe that, under very large g¢éstrences, firmA’s markup
might fall below its level in the standard Hotelling worldbfopare Figure 2).

Second, we consider the markup of fiBn

Proposition 3. The equilibrium markup charged by the high-cost firg{At) = p5(Ac, cg)—
Cg is decreasing in the costgkrence.

Note that, forg = 1, dmg/d(Ac) is equal to-1/3. As it turns out, the qualitative finding
that the equilibrium markup of the high-cost firm is decregsn the cost dterence is
preserved under consumer loss aversion. Due to a |&eek®f high markups we find that
firm B's markup is decreasing more strongly than in the standatdlliay world without
behavioral bias. However, the critical market asymmetryfoich firm B's markup drops
below its Hotelling level has to be larger than for film This is illustrated in Figure 2.

5 The Role of Information

In this section, we focus on comparative statics resulth waspect t@3, the share of

initially informed consumers. In other words, we investegthe défects of ex ante infor-

mation disclosure on market outcomes in asymmetric marRétis allows us to provide

a new perspective on information disclosure policies bylipiduthorities and firms. In

contrast to traditional work on information disclosureipigs, in our theory consumers
are fully informed at the moment of purchase, independenthather or not there is any
information disclosure. Our theory hints at the role of figiof information disclosure.

With respect to voluntary disclosure, we provide new insghto the firms’ advertising

and marketing activities.
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5.1 The dfect of ex ante information on prices and quantities

Our first result concerns the equilibrium pricétdrence. (The proofs to the results of this
section are relegated to the Appendix.)

Proposition 4. The equilibrium price dferenceAp*(8) is decreasing irs.

The above proposition says that prices become more equakashare of initially in-
formed consumers increases, or, in other words, as the giigruiaverage becomes less
loss-averse.

Put diferently, a larger share of (uninformed) loss-averse coessiieads to a larger
price diference. This is in stark contrast to one of the main findingderdhues and
Koszegi (2008) who show that, in their setting, consumes lagersion is a rationale
for focal prices. In absence of the behavioral bias firms waalndition prices on their
marginal costs. Using our terminology, they compare arggttith mass 1 of uninformed
consumers—i.ef = 0, to a setting with mass 0 of uninformed consumers, whicheeor
sponds to a world without behavioral bias. Their messadgaisdonsumer loss aversion
tends to lead to (more) equal prices; our finding, by contrsesgs that consumer loss
aversion leads to a larger pricdigrence in a market with asymmetric firms.

Let us now look at the individual prices set by the two firmgnts have to tradefbthe
business-stealinglect with the &ect on the profit margin. This trade¢f@hanges as the
share of informed consumers is changed. We, first, obseatétta low-cost firm’s price
is monotone (i.e., globally increasing or decreasing) welise U-shaped i8, depending
on the parameter constellation.

Proposition 5. The equilibrium price charged by the low-cost firry(#) may be increas-

ing or decreasing in the share of informed consumgrg,(6) is globally increasing,

globally decreasing, or first increasing and then decregsirg. It tends to be decreasing
given a small cost gfierence and increasing given a large one.

The critical price diterence (that implies the critical costidrence) at which price locally
does not respond ®(c.p. Ap—i.e., the partial ffect) can be solved for analytically. The
critical Ap is a function ofd andt and is independent ¢k

APLIPA(L 1) = ((9 — (26— 15)4) + V3| - 1+ 51| V(2(1 + 2)2 - (1 - 1)2)

4(3+51)

For example, for parametesis= 3 andt = 1 the critical price dierence, at which the
price of the low-cost firm reaches its maximum, satisfigs™?P(3,1) = 0.2534. lItis
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also insightful to evaluate the derivative in the limit@aturns to 1. In this case, we can

also solve analytically for a criticalp at which the total derivative of, is zero—i.e.,
dpa(Ap"(B)B) _ 0:
dg - Y

331+ 42) - 41) V2117 - 11 V(A + 3)(B1 + 5)
2(1-3)(91-1)

ApStaPa(y 1) = atg =1

For exampleAp®tdPa(3, 1) = 7/26 = 0.2692 aiB = 1. This means that, given parameters
A = 3 andt = 1, if the equilibrium price dterence satisfieAp*(1) < 0.2692 a small de-
crease in the share of informed consumers leads to a highergithe more ficient firm,
dp,/ds < 0—the numerical results reported in Tables 2 and 3 in Appeg@dillustrate
this result. By contrast, fofp*(1) > 0.2692, the opposite holds—i.elp,/d3 > 0—as
illustrated in Table 4 in Appendix C.

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 fropto g/ with g > p—this parameterizes the market
environment. Note that the majority of consumers buy from [tw-price firm in both
market environments. For afiigiently large cost asymmetry, the equilibrium price of
the low-cost firm is locally increasing for all environmebistweers andg’. Hence, all
those consumers of the low-cost firm whose ex ante informasiconstant across the
two market environments are worsf ander information disclosure to a sharegot- g

of initially uninformed consumers.

We now turn to the high-cost firm. Here, our result is quality similar: The price tends
to be decreasing ia for small cost diferences and increasing for large cosfetences.

Proposition 6. The equilibrium price of the high-cost firn},(#) may be increasing or
decreasing in the share of informed consumgrspg(8) is monotonously increasing,
monotonously decreasing, or first increasing and then destng ing.

We solve for critical values at which the price change charsign:

t
20+ 1)+ 7)

A pCI'it ops (/l, t) —

((—23 (1 =100) + 15— A VRA+ 2P - (1- 1)2)

For instanceAp®9Pe(3, 1) = 0.3201. At3 = 1 we can solve analytically for a criticalp
at which the total derivative gbg is zero—i.e., d p;(Ap*(6); 8))/dB = O:

t(3(1(171 + 6) - 55)— VI5- |11- 74| (1+ 3)(31+ 5))
42(31 - 11)

Apcritdpg(/l, t) —
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For instanceAp®dPe(3,1) = 1/2 - (5V35- 29) = 0.2902 aiB = 1. Thus, forAp*(1) <
0.2902, we obtaim pg/dB < 0 atB = 1— € (compare Tables 2 and 3), while, fap*(1) >
0.2902, we obtairdpg/dB > 0 atg = 1 (compare Table 4). Thus, for these parameter
values, the overallféect of a marginal increase fpcan indeed become positive if cost
asymmetries are fliciently large.

Let us distinguish consumer groups by the product they coesuWe observe that
ApStdps(2 t) > Apcitdra(a,t) for all A,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 are worseffy whereas consumers of the high-cost product are befieafter

an increase irB. Since the high-cost firm sells to fewer consumers than theclost
firm we call consumers who buy the high-cost product nichesaorers. Then, informed
niche consumers are more likely to benefit from an increagefwan the other informed
consumers.

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

With respect to equilibrium demand our model generatesah@ning prediction:

dnApP(B):5) _ p9%(AP) dAp)
ds dap)  dB
Iqa(Ap) d(ApY)

dAp) dB

+ +

dXn(AP) d(APY)
d(Ap?) ds
+()'Zin(Ap*) - )?un(Ap*)) S O,

+ Kin(APY) + (1= ) — Xun(AP")

which is positive for small cost (resp. pricetdrences and negative for large cost (resp.
price) diferences—see also Figure 3. Hence, in moderately asymmmricets the de-
mand of the morefécient firm rises, as the share of informed consumers incsease
illustrated in Table 2 in the Appendix. This implies that inrearket with loss-averse
consumers (and a positive share of uninformed consumershénket share fference is
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Figure 3: Equilibrium demand of firmA

less pronounced than in the standard Hotelling é&s@ur result is reversed in strongly
asymmetric markets in which the demand of the mdfeient firm is decreasing in the
share of informed consumers (compare Table 4 in the appendix

5.2 Private incentives to disclose information

In this subsection, we analyze the firms’ incentives to diselinformation. To address
this issue, we investigate th&ect of 3 on profits. Here, private information disclosure
can be seen as the firms’ management of consumer expect@tenseference points).
Note that in our simple setting information disclosure by dinm fully reveals the in-
formation of both firms since consumers make the correctenfges from observing the
match value for one of the two produéfs.
dra(Ap*(B), PAB): B) dp,(Ap; B)

= —-qA(Ap*;ﬁ)+(pZ(Ap*;ﬁ)—cA)-

don(APiB) _
ds ds -

dg

23In spirit, this is in line with Heidhues and Koszegi (2008)aypredict equal splits of demand between
firms in asymmetric markets.

24This 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 kitwsir type before forming their reference
point or they do not know the locations of firms in the prodyace.
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drs(Ap*(B), PE(B); dpg(Ap;
7s(Ap"(B) Pe(B): ) dpR(Ap '8)-qB(Ap*;,B)—(DE(AD*;,B)—CB)'

doa(ApA) _
dB dB g

dg

We confine attention to a numerical example. The criticaleafAp such thatlr,/dB =

Oatp =1anda = 3andt = 1,ca = 0.25, andcg = 1 isAp = 0.2581. The critical
value ofAp such thatdrg/dB = 0 at the same parameter values as aboxis 0.2870.
For comparison, we take a look at table 3 in Appendix C: Thicativalue aiB = 1 is

Ap*(1) = 0.25. Hence, the critical values afp atg3 < 1 are larger thanp*(1). Moreover,
Ap‘é”t > Apg{it.

Our numerical example shows that increasing the initiateslod ex ante informed con-

sumers first none, then one and then both firms gain from irdbam disclosure. Since

disclosing information about match value to a positive nandf consumers is profitable,
such a strategy will be chosen by profit-maximizing firms {gatbsure is not too costly).

Our finding provides a rationale for truthfully advertisipgoduct characteristics at an
early stage, although all consumers would learn them poigrurchase even in the ab-
sence of advertising. Without the behavioral bias it wowddrkelevant for market demand
and market outcomes whether or not a firm advertises prodhactcteristics ex ante.

In case of conflicting interests, it is the mor&aent firm which locally gains from in-
formation disclosure as an expectation management toals,Tdur model predicts that
it is rather the morefécient firm that advertises product features. This meansaihat
should observe a positive correlation between such aduegtand the marginal cost of
the firm. For other parameter constellations, we numeyicahfirmed the robustness of
these results.

5.3 The dfect of ex ante information on consumer surplus

In this subsection, we analyze thffext of 3 on consumer surplus. More precisely, we
answer the question: How is the surplus of thiedlent consumer group#facted by an
increase of the share of informed consumers?

First, consider the change in surplus of informed consumé&he aggregate consumer
surplus for informed consumers is given by

1

Lin(AP(B))
CSu(Pa(B). Ps(B)) = f Un(X, PAGB)dX -+ f U (%, Pa(B))dx
0 Xi

in(AP(B))
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The marginal &ect of increasing the share of informed consumers on thdusugb the
already informed consumers is

dCSn _ f%”@p@) A% PaB)) dPa . fl dus(x pe(B) dps o
0 %

g opa(B) ds ~ope)  9Ps(B) ds
=1 =1
— _%. % — — d_pB >

Consumer surplus of informed consumers may increase oeaelin the share of in-
formed consumers. The sign of the derivative is determinethb weighted marginal
price changed p/dg of the two products. It is positive in markets with small cdster-
ences because both prices decrease in the share of infoomsdroersdp/dg < 0). It

is negative in markets with large costigrences. In markets with intermediate cost dif-
ferences, the two prices move irflédrent directions. Thus, some informed consumers are
better df, whereas others are worsg m response to an increase in the share of informed
consumers.

Second, consider uninformed consumers. Evaluating thenexefect on uninformed
consumers is more involved because gains and losses eetatitheir reference point
have to be taken into account.

1-%un(Ap(B))
CSupa®)Pe®) = ([ 0a0x pale) pele) Rl pBN)IX

Kun(Ap(B))
e A palB). PelB): R pEII
1

—Zun(Ap(B))

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

Xun(Ap(B))

whereu, andug represent uninformed consumers’ gain-loss utility fotais consumers
of A and nearby consumers Bfderived in (15) and (16), respectively.

Ua(X Pa(B), Pe(B), Xun(Ap(B)))  =(V—tx—pa) + (1 = Xun)(PB — Pa)
408+ 5((1= R - 20 - 9+ o)

is the gain-loss utility for nearby uninformed consumersfofThe functionuy differs
from u, only in the taste dimension of the gain-loss utility.

Taking derivatives with respect g) we obtain

dx

dCSin Zun(AP(S)) (5UA(X, ) dpa N Oua(x,.) dps)

g Jo 0pa ds Jops ds
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. ( fl‘*“”mp‘ﬁ” (8GA(><, ) dRn(Ap) dA p) - dx
0 O%un dAp dﬁ
N fiun(Ap(ﬂ)) (auA(x, ) dXn(Ap) dAp) ' dx)
P 0%, dAp ds
1-%in(Ap(B)) n
. fl (auB(x, ) dpa . dus(x,.) dps s dus(x,.) dXuin(Ap) dAp) dx
n(ap@) \  OPa ds Jdps ds O%un dAp ds

In addition to consumers’ intrinsic utility, a price changects consumers’ gains and
losses with respect to the price dimension via the varyirggmtifference. A change of the
location of the indiferent uninformed consumey,,"has an impact on consumers’ gains
and losses in both dimensions. Utility in the taste dimemgatfected since an increase
of &, shifts mass of the reference point distribution to the upgier® Utility in the price
dimension is &ected since the probability of buying at a specific price dejgeon the
location at which consumers are ifférent between the two products. The equation of
dCS,,/dB can be further simplified to

dCSm _ o dPa_ . dpPs
a5 " 3B 1 - Kyn) - B
d dA
((/1 D)Xun(1 = Kun) + Ap (Kun + A1 = Kun)) - dZu[;) __p
d%un _dA_p

- t(%(Z)?un - 1)((/1 — )R- 1)+ 2)) 0. (11)
The first line of equation (11) gives the margindleet of 8 on intrinsic utility—this
is analogous to the analysis of informed consumers above s€bond line gives the
marginal éfect of 8 on the gain-loss utility in the price dimension, which is pigs.
The third line gives the marginaffect of 8 in the gain-loss utility on the match value
dimension, which is always negative.

The overall &ect of 3 onCSy, is positive in symmetric and moderately asymmetric mar-
kets (Ac small) since the féect of 8 on individual pricesp; is negative in these markets
(compareCSj,). By contrast, the ffect is negative in strongly asymmetric markets. The
surplus result that holds for informed consumers, thuslitatisely carries over to unin-
formed consumers.

It can be shown that, for all > 1 andAc feasible, the sum of the second and the third
line of (11) is negative—i.e., the marginaftect of 8 on the gain-loss utility in the taste
dimension dominates itdfect in the price dimension of consumers’. However, this does

2t can be easily shown th&(sX,,,) first-order stochastically dominat&gs %) for all feasiblexgn, X,
with X/, > X,n feasible.
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not sufice to obtain that the sign afCS,,/dB is changing for a higher level ¢# in
moderately asymmetric markets since the price changeshwlletermine the sign change
of consumer surplus, are weightedtdrently in case of uninformed instead of informed
consumers. Table 3 in the Appendix illustrates that due éadifierence in weights the
critical g at which the marginal consumer surplus of uninformed coresarswitches sign
is lower than the criticg® for informed consumers.

Remark 4. In symmetric and moderately asymmetric markets, all coessinvhose in-
formation is ungiected are betterif more consumers become informed before forming
their reference points. By contrast, in strongly asymneatrarkets, all these consumers
are worse ¢.

To determine the overallfiect of 8 on aggregate consumer surplus of both consumer
groups, an additional decompositioffiext has to be taken into account. Thileet stems
from the change in consumer surplus of the group of formearlgformed consumers who
become informed. The overalifect of 3 on aggregate consumer surplus is determined
by the first derivative oCS = B - CSi,(pa(8), pe(B)) + (1 — B) - CSun(pa(B), pe(B)) with
respect tgs:

dCS _ , dCSn o .. . dCSu
W —IB'T"'CSm"'(l ﬁ) dﬁ CSun
:,B' dCSn + (1 _B) ’ dCSdn + (CSin - CSun)-

48 48

It can be shown that the decompositidffieet represented byCS;, — CS,,) is always
strictly positive, since uninformed consumers have a losxarage utility level due to
the higher weight on losses than on gains. Although som&amir@d consumers who
receive high match value at low price are bettfrtbban their informed counterparts, the
average utility of uninformed consumers is lower due to tssés in the taste dimension
of consumers located far apart from the product they puechad the losses in the price
dimension of consumers of produst For illustration, see the tables in Appendix C.

It turns out that the decompositioiffect always dominates the group-specifiieets of

B on consumer surplus. This means that the group of those g@mrsuwho become in-
formed is so much bettefithat its surplus increase always dominates the surplugehan
of the remaining uninformed consumers and the “old” infoneensumers. This holds
even in strongly asymmetric markets in which remaining torimed and old informed
consumers are worsétaf the share of informed consumers increases. We summayize b
the following remark.
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Remark 5. Consumer surplus is increasing in the share of informed goress g.

The policy implications are straightforward: A public aathy whose aim is to maximize
consumer surplus (and which does not have further disivildabncerns about thefects

of information disclosure) should always try to increaseghare of informed consumers,
possibly through the use of mandatory information disalesules. In symmetric and
moderately asymmetric markets, all consumers will be beffe However, in strongly
asymmetric markets most consumersfaiu Those consumers who become informed
(due to the policy intervention) exert a negative extetpadn all other consumers. In
such markets, distributive concerns may lead to a revefsalwy.

6 Extensions

6.1 Relative weight on gain-loss utility

Consider consumer preferences for which the intrinsiatytig weighted by one, while
the gain-loss utility has a weight af > 026 A change of the relative weight on the
gain-loss utility @fects the location of the inflerent uninformed consumer. Can this be
neutralized by an adjustment of the degree of loss aver&tofhe answer is positive, as
the following proposition shows.

Proposition 7. Suppose that the utility function of uninformed consumieosvs an addi-
tional weight,a > 0, on the gain-loss utility—i.e., all terms except for theimgic utility
term in(15) (resp.(16)) are pre-multiplied byx.

ThenVA’ > 1,0’ > 032 > 1 such that

fan(AP; A, @ = 1) = Run(AP; A, @), (12)

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

Proof of Proposition 7.The derivation of the indierent uninformed consumer with
extended preferences is analogous to the derivation ofnitifeérent uninformed con-
sumer forae = 1 provided in the proof of tmma 1. With a-extended preferences the

26Fora = 0 we are obviously situated in a standard Salop worldafer1 we are in the setting analyzed
above.
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location equals

s A . - - - A 277 1\
Xun(Ap; 4, @) 162 dat(1-1) 4a2(A — 1)

1+a(21-1) Ap Ap?  (a(21+ 1)+ 3) (a1 + 1)
2001-1) 4t -
(13)

By solving fora in equation (12) we receive

1+ -1)

A @) 1+

(14)
SinceA(l, e’ = 1) = A andd/da’ = 2( - 1)/(1 + ’)?> > 0, A shows the required
properties. O

The previous proposition points out that, for any changenhefrelative weight on gain-
loss utility, there is a compensating change of the degréessfaversiony, which gives
rise to the same demand function as before the change.

6.2 Asymmetric product quality

Our model is easily extended to allow foffidirences 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
dimension, which includes easily communicated productatttaristics of unambiguous
value to consumers, and a taste dimension, which include®tproduct characteristics
whose value depends on the consumer type. We define qudjitgtad (or hedonic)
pricespi = p — Vv, I = A B, for all consumers and consider those to be relevant for
consumers’ purchase decision. The maiffedence arises for uninformed consumers
when building their reference point distribution with respto prices. Here, only the
gain and loss in quality-adjusted pric&§ = Ap — Av matters,Av = vg — va. We label
firms such thatAc — Av > 0 and call firmA the more éicient firm. In the following
proposition we show that any market with asymmetric quasitgquivalent to a market
with symmetric quality and adjusted asymmetric costs.

Proposition 8. For any market with asymmetric quality represented by aorg@tv, Ac)
with Ac — Av > 0, there exists a market with symmetric quality represented fsector
(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.
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As a special case, the asymmetry in the former market is gegtbby quality dferences—
i.e., firm A sells higher quality in a market with symmetric costs, < 0 andAc = 0.
Then, the costs asymmetry in the second market shows thesaeén absolute terms,
as the quality dference in the first markehAC’ = —Av.

In the proof, we show that the optimization problems of the bt@nsumer groups and the
firms are the same in both markets.

Proof of Proposition 8.To begin with, consider informed consumers’ utility: We find
ux,p) = (vi—p)—tlyi—x = =p —tly — X for all i € {A, B} in the former market
andu(x, p)) = (v — p/) = tly; — x| for all i € {A B} in the latter market. Since in the
latter market quality levels are identical( = 0), it holds true thak,(Ap) = Xn(Ap’) for
Ap’ = Ap-Av. If uninformed consumers use quality-adjusted prices éenining their
reference point distribution in the price dimension, wevaisceivex;(Ap) = Xun(Ap')
for Ap’ = Ap — Av by the same argument.

Next, consider the firms’ maximization problem in both maskéirmA solves

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

Firm A’'s equilibrium prices are identical if and only if markups looth markets are
identical—i.e.,pa + va — Ca = pj, — C,—and both demand functions are identical—i.e.,
Ap’ = Ap — Av. Analogously, for firmB, this holds true if and only ipg + vg — Cg =

Pg — Cg andAp” = Ap — Av. Finally, taking markup dferences between firms, we obtain
AP + Av — Ac = Ap — Ac in the former market andp’ — Ac’ in the latter market. For
Ap’ = Ap — Av, both markup dierences are the same if and onlAd = Ac— Av. O

7 Discussion and Conclusion

In this paper, we have explored the impact of consumer loessebn on market out-
comes in asymmetric imperfectly competitive markets. Wkt in a Hotelling-Salop
setting, which is a standard workhorse in the modern ingusirganization literature.
Consumer loss aversion makes #etience compared to a market in which consumers
lack this behavioral bias, if they are uncertain about pobdiaracteristics or associ-
ated match value at an initial stage, when they form thegresfce point distribution.
Since price information is readily available, firms can ugeegto manage the reference
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point distribution of consumers in the price and the matdhezdimension. Also, firms’
information-disclosure policy can be seen as an expeatatianagement tool. Such in-
formation disclosure can be achieved through advertisangpaigns and promotional ac-
tivities, which do not generate additional informationtad moment of purchase (at this
point, consumers would be informed in any case), but infoomsamers way in advance
of their actual purchasing decision.

We analyzed how firm asymmetries and the share of uninformestdverse consumers
in the population fiect market outcomes. Here, we analyzed industries thatramac-
terized by cost asymmetries. Alternatively, asymmetrigb vespect to observed product
quality may be introduced (as explored in Section 6). Siheed is a one-to-one relation-
ship between these two models, our insights are directljicgippe to a model in which
firms differ in observed product quality. We show that a larger cosasidge may lead
to a lower markup of the low-cost firm.

Our theory provides a new perspective on private infornmediisclosure and advertising.
Since all consumers are fully informed at the purchasingestatandard theory would
predict that it is irrelevant how far in advance of the pusihg stage information is
revealed. Our theory predicts that consumer behavior anéteahautcomes depend on
whether and to what extent match-value relevant informataevealed at an early stage.

Our results have implications for public policy and firmsvadising strategies. There
are instances in which consumers would gain from more infion whereas both firms
would not. Thus, firms refrain from early information dissloe in these instances—
namely when the market is symmetric or moderately asymmeétrithese markets, pub-
lic information disclosure (which allows consumers to tetire products’ match values)
would enhance the surplus of all consumer groups.

Moreover, our model predicts that advertising and otheketarg instruments that allow
for voluntary early information disclosure about matchueahre more prevalent in mar-
kets characterized by large asymmetries between firmsebetasymmetric markets, one
or both firms gain from information disclosure because tsls to higher prices.

A feature of our setting is that, if a firm releases informatan the match value of its
product, consumers fully infer the match value of the othedpct, as well. Future work
may want to look at alternative settings in which informatie not perfectly correlated
across products, giving rise to a richer set of informatigstlosure policies.
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Appendix

A Relegated Proofs

A.1 Relegated proof of Section 2

Proof of Lemma 1.Using the properties of the reference distributions, weitewhe util-
ity 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 (15)

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

+t( fllxu 2(s— (1- X)) ds+ fxu (s—(1- x))ds)

—X 1-Kun

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

#1{(0= R? + G = X R + 268} (16)

Next, we find the location of the inflerent uninformed consumer = X, by setting
Up = Ug, Where

. . . t .
Ua(Xuns Pas PB) = V—1tXun— Pa+ (1= Xun)(Pe — Pa) — 4 - 5(1 -2(1- Xun)z)

. . . . 1
Us(Run» Pas PB) = V—t(1 = Run) — P — A4+ Run(Ps — Pa) — 4 - t(L — Kun)? + 2(5 - Run)?

If she buys producA the indiferent uninformed consumer will experience no gain but the
maximum loss in the taste dimension. If she buys prodshe 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 priges 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)+ %y~ (1= (P - Pa) - 414) - R + (2P — Pa) + 531+ 1) (27)

Solving this quadratic equation iy, leads to the expression given in the lemma. O

A.2 Relegated proof of Section 3

Proof of Lemma 2.

99a(AP;B) _ _9aa(AP:B) _ _99s(Ap;B) _ _9ds(Ap:f)

Y= T anp T oAp T
= ﬁ)’zlln(Ap)"'(l_:B)%.m(Ap)
1 (1-p) (Ap (1+2)
"2 ¥ asmp) (BT A - 1)) 70

S]

Hencegy >0 VYApfeasible and/g. At the boundaries we have

. PP o (1+2)
#(OB) = ~5(1=30)+ (L= Bzr—gs >0
Alri)?gﬁgb’(A;,B) = oo forp < 1sinceS(Ap) = 0.

For 0< Ap < Ap™*the demand oA is convex inAp.

B+)B+31) .

642 (SAP) - °

¢"(Ap;B) = (1-B)- Xn(Ap) = (1-5)-

Henceg” > 0 VAp feasible and/ < 1 sinceS(Ap) > 0. At the boundaries we have

B+D)B+3N)
¢"(0;8) = (1-8)- e
322 4k
lim ¢”"(Ap;B) = o forg<1.

ApTAp
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A.3 Relegated proofs of Section 4

Proof of Proposition 1.

dap) _ _ (¢)° .
aae) ~ 3@Rrea-z D (18
)

3(¢)? + ¢ (1- 29)

Since the denominator @f{Ap*(Ac))/d(Ac) being equal to zero is equivalent to the tan-
gent condition (30), we obtain that

d(Ap’)
d(AC)

>0 (19)

if Ap < Ap®(a,t) (where the latter term is defined in Appendix B). Moreovénce
¢"(1-2¢) =0forAc =0 (i.e.,Ap = 0) andg” (1 — 2¢) < 0 for Ac > 0 it holds true that
d(Ap*(Ac))/d(Ac) > 1/3. O

Proof of Proposition 2.

dmy(Ap(Ac)) _ dm,  a(Ap’)
d(AQ) — 0(Ap)  d(Ac)’

where by FOC,)

omy 0P (@) —¢" ¢
- = >0, 20
Jap) - dAp) . @) (20)

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 (18) we obtain that

dmy(Ap'(Ac)) (¢ -¢"-¢
Tdpe) | 3@Reea-z) b

Hencem, is not strictly increasing i\ p*. Firm A’s markup decreases in the pricefdi-
ence if the price dference—i.e., if the cost asymmetries in the industry/@nithe share
of uninformed consumers become too large. (Compare markiinproB.) |
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Proof of Proposition 3.

dng(Ap'(Ac)) _ dmg  9(ApY)
d(Ac) —a(Ap)  d(Ac)”

where by FOCg)

omy 0Py _ @V -¢"-(1-9) _

= = 0,
d(Ap)  O(ApY) (¢)?
which is always negative for gi. Using (18) we obtain that
driAp'(A0) | (@P+4"-(1-9)
d(Ac) @)y +¢"(1-2¢)

A.4 Relegated proofs of Section 5

Proof of Proposition 4.Recall that the equilibrium is implicitly characterized by

1-2¢(Ap;B) _
¢’ (Ap; B)

The equilibrium price dference then satisfies

Ap—Ac—

dg (¢)?
o (¢')? . (2¢'¢ﬁ + ¢ — 2¢,}¢)
3(¢)* + ¢ (1 - 29) (¢)?
20 + ¢p(1-29)
3(¢)? + ¢ (1 - 29)

¢/2

woe) () 22— ¢(1- 2¢))-1( 25 -5 (1-20)

35

(22)

(23)

We show that the numerator 8£2.2) | denoted bYN(Ap'; B) = —(2¢' ¢ + ¢(1 - 2)) is

negative: For alAp with 0 < Ap < Ap™®and for allg € [0, 1], we can rewrite

N(Ap; B)

+

(¥~ ) (1~ 201~ ) on — 28%)

(= ) + (%~ (1~ 25%)

] e

. ., ) 1
Xan + (K (1 = 2%n) — =

. 10 o &
~20/95 ~ 441~ 26) = 2((L= )S4n + Fz) - (San = %)
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1. 1 n R
= Y(X”n + E) — Xn(2%in — 1)

= _Zt)?(m : ()’Zin - %) + 1(2un - %)
= 2R (ADRa(AP) - 5) + (on(AD) - 5)
SinceN(0;8) = 0 and

IN(Ap; B)

1. . 1 S % %
oo —;(2tx:;n(Ap)(>qn(Ap) = 5) + 2K(AP) (K (AP)) - X’un(Am)

~2(2%n(AP)Re(AR) - ) +0-0) <O

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

Consider now the denominator 8f%2), denoted byD(Ap"; B) = 3(¢')? + ¢" (1 — 24).
We show that, on the relevant domain of pric&eliencesD(Ap*; B) is strictly positive.
We have that

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

D(0;)

The sign of the derivative is of ambiguous sign:

oD(Ap; B)

aAp 6¢/¢N + ¢/H(l _ 2¢) _ 2¢N¢l

4¢/¢N + ¢NI(1 _ 2¢)

ThusD(Ap*; B) is not necessarily non-negative. However, sibgé p*; ) is equivalent
to the tangent condition (30) which approaches zemmpt Ap@(4,t) we conclude that

dAp*(B)
5 <0 (24)
for Ap < Ap®(4,t), which is the relevant domain for equilibrium existence. ]

Proof of Proposition 5.We evaluate

dpa(AP'(B):A)  _ OPa  A(AP) , 9Pa
dg oap) 9B B’

where

o _ @P-¢e
3ap) @y
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which may be positive or negative. Henpg is not strictly increasing im\p*. Firm
A’s prices decreases in the pricefdrence if the price dlierence becomes ficiently

large. In terms of the parameters of the model this meanshbatost asymmetries in the

industry (and the share of uninformed consumers) beconfisisntly large.

op, P - B0

p (¢)?
[ o & V(O . o N A . 1
= (@ =B)Rin + LX) Run = Xin) = (Ko = %) + (1 = B)Run + BRin) | - 57
[ R 1. . . . 1. . o1 A A
= _>(1 - B) (X — ﬁ)(xun — Xin) — (L= B)(Xin — ﬁ)(xun - Xin)ﬂ(xun — Xin) — (Xun —
— [ 1 % ' 1
- _Eﬁxun - Xunxm : p

P - -
The numerator o?a—/_;\ is independent gs.

op, B 1 1
Z5@P=0 = —5(5-Xd(0) 7755 <0
1o % %
(9,8 ¢/2

for e small because the numerator is positive Aqr slightly less thamp. This implies
aps .
that 2 = O for a criticalAp € (0, Ap™), V. O

Proof of Proposition 6.We evaluate

dps(AP(B):B) _ 9ps  9(ApY) , 9Py
dB oAap) OB B’
g _ —(¢)-9¢"(1-¢) _ ¢"(1-9¢)
where m = (¢/)2 = —(1 + W) <0

In contrast tA, the price ofB is always decreasing inp*(5).
opy ¢~ 0p(1-9)
B (¢)?
o 1. . o 1 . .
—[ ~ (1= B)Kin +B5)(Xn = Zin) = (Rin = )1 = (1= B)%un = B%in) |

1
()2

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

1, . . N 1 .
_E(Xun — Xin) = (Xin = ﬁ)(l — Xin)| - W

1

A

2t

1
_)Xin T 0

¢/2
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1. - o a 1

1
= —| - E(Xun) - (Xun - E) + XunXin| - (¢/)2 =0

B Equilibrium Existence and Uniqueness in Duopoly

B.1 Equilibrium uniqueness

In Proposition 4 we state flicient conditions under which an interior equilibrium is
unique. Given parametenrsandt, the condition states that the cost asymmetry between
firms is not too largé’

Lemma 4. An equilibrium is the unique interior equilibrium if

2t
(1-1)

Ac < Ac'(1) = Ap=

(2(1 +2) - e+ 2P -(1+ 1)2). (25)

In the lemmaAp depicts the upper bound afp such thatS(Ap) in Xn(Ap) is equal to
zero (Cf. equation (5)). It is easy to check tiaat'(1) is strictly decreasing in. This
means that in markets in which consumers show a higher dedress aversion cost
asymmetries between firms can be less pronounced to meatitieeness condition.

Proof of Lemma 4 We first consider the case af> A¢ = 7.47. We can derive a number
of useful properties of (Ap; B) = (1 — 2¢)/¢’:

f(0;8) = 0/¢'(0) = 0VB, limapap F(AP; B) = 0 since limpapd’(Ap; B) = c0 VB < 1, and
f(Ap; 1) = -2Ap< 0.

rapp = 2O 0A2) (o 02

(¢)? (¢)?
sincef’(0;8) = -2 <0 Vaandlimyyas f/(Ap;8) = 0 ¥ < 1. Moreover,f’(Ap; 1) =
-2 VAp.

)§0 VB <1,

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

(¢ = 2(¢")) (L - 2¢) - 2(¢')?
- @) > 0.

f"(Ap;B) =

27Sincet turns out to simply scale equilibrium prices (cf. Sectionw® sett = 1 in Appendix B.
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f(Ap;B) + Ac: solid, Ap:dashed

7/\ T T T T T S O R SO S S| \Ap

Equilibrium condition (10) atAc = Ap for parameter values ¢f = 0,t = 1, and
A=3:Ap=0.75Ap=0.8348.

Figure 4: Two potential interior equilibria

Figure 4 illustrates the equilibrium condition (10)&t = Ap. Now, if 8 < 1 by con-
tinuity of f(Ap) for Ap € [0;Ap), f(0;8) = O, limypap F(AP;8) — O, f/(0;8) < O,

limaprap f/(Ap; B) = oo > 1, and strict convexity of (Ap) for 8 < 1, we know that, for
Ac > Ap, there are two candidate interior equilibria since th@) + Ac)-curve shifts up
and intersects th&p-line twice. AtAc = Ap a second solutiontap = f(Ap; 8 < 1)+Ap

does not arise due to the discontinuitygofresp. f (Ap; 8 < 1)) atAp. Moreover, for val-
ues ofAc lower thanAp, (f(Ap;B < 1) + Ac) is always smaller thanp and no other
equilibrium can exist.

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 4 A < A° all uninformed consumers buy from firdfhat Ap =
AP, which is smaller thanp.?° Sincef is continuous heref,(Ap; 8) < 0, andf(Ap;8) =
(1 -2@Bxn(Ap) + (1 -P))) - 2t/B is strictly decreasing foap > AP, Ac < Apis suficient
to rule out other equilibria in this case. O

We also can provide conditions that non-interior equisilad not exist. For the sake of
brevity, in the following proposition we restrict attentito the cas@ = 0.

28| this case an analytical solution for (10) can be deterching* = Ac/3.
29Cf. Figure 4.
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Lemma 5. Suppose all consumers are uninformgd-(0) and the degree of loss aversion,
A € (1, 1+ 2+2]. Non-interior equilibria do not exist if

A+ 3t

Ac < AC"(1) = A2P(1) = 1)

(26)

Proof of Lemma 5.

The candidate non-interior equilibrium B* = cg — Ap™, pg = cg. The associated
profits arery” = (cg — Ap™* —cp) -1 = (Ac - Ap™) andng = 0. Note that for
Ap™ = Apm**settingpg = Cg is the local best response of firg

We consider a non-local deviation by fir&to py = cg. The associated profit i€d —
ca)¢(0) at pa = cg. Hence, a sflicient condition for the non-existence of non-interior
equilibria is

Ac— AP < (¢a ~ C)o(0) = 5.

This is equivalent to

Ac < 2Ap™

Forde (1,1+2- V2], Ap™is equal toAP(1) = (1 + 3)t/(2(A + 1)), which completes
the proof. O

Combining Lemmata 4 and 5 we obtain the following propositio

Proposition 9. For Ac < min{Ac", Ac"}, any equilibrium is unique and interior.

B.2 Equilibrium existence

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

827'(/_\ , .,

> = —2¢" + (pa—Ca)p” <0 (SOG)
op;
(9271'5 , .,
Pl —2¢" — (ps — Cg)¢” < 0. (SOG)
apg

Given the properties ap —particularly thate is strictly increasing and convex ifip
for B < 1— S OG holds globally, whileS OG, is not necessarily satisfied. Using that
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(pa—cCa) = ¢/¢’ by FOCa, S OG, can be expressed as follows

—2(¢)% + 9" < 0. (27)

It can be easily shown that (27) is satisfied for smad) while it is violated forAp — Ap,
as¢” goes faster to infinity i\ p than ¢")2.3° This violation ofS OG, reflects that firmA
may have an incentive to non-locally undercut prices to gfa@nentire demand of unin-
formed consumers whekp is large. The driving force behind this is that loss averson
the price dimension increasingly dominates loss aversidhe taste dimension if price
differences become large. Moreover, excessive losses in teedamension if buying the
expensive produdd make also nearby consumersBmore willing to opt for producA.

The next proposition clarifies the issue of equilibrium &mee. It deals with the non-
guasiconcavity of firmA’s profit function by determining critical levels of markegyan-
metries and the degree of loss aversion such thatAifmas no incentive to non-locally
undercut prices. Here, we make use of the increasing cagvelfirm A’s profit func-
tion in —pa which yields that stealing the entire demand of uninformaalscmers is the
unique optimal deviation of firnA. For notational convenience, we focus on the most
critical setting for equilibrium existence. This is the dnavhich all consumers are unin-
formed3!

Proposition 10. Suppose all consumers are uninformgd= 0) and the degree of loss
aversion, 1, lies within the interval(1, 1 + 2v2]. An interior equilibrium with prices
(Py. Pg) exists if and only if

Ac < AC(1) = ApM(1) — F(AP™(A); 0), (28)

with Ap™(2) being implicitly determined by the following non-deviatiwondition

Apnd(/l) — {O < Ap < Apmaxl Ap — Apmax_ d)(Ap) ) (1_ ¢(Ap))} (29)
¢'(Ap)

Before turning to the proof, let us comment on this propoaiti The result shows that

an equilibrium exists if firmA has no incentive to non-locally undercut prices. In fact,

30This implies thatra is not globally concave. Itis easy to check that it is neitjlebally quasi-concave.
This is illustrated in Figure 5. Moreover, the non-concawf xa is increasing inAp (resp. —pa) for
Ap < Ap™®(resp.pa > pg — AP™®).

31Adding more informed consumers always makes the non-gquasiwity problem less severe since the
demand of informed consumers is linear. Thus, the derivg@upound on cost asymmetries with only
uninformed consumers is Bicient for existence with a positive share of informed constsn



PriciNG AND INFORMATION D1SCLOSURE IN M ARKETS WITH L0Ss-AvERSE CONSUMERS 42

the incentive to undercut prices increases in more asynumediustries or for more loss-
averse consumers. For a low degree of loss aversion fl< 1+ 2V2 ~ 3.828), an
equilibrium exists if the cost lierence between firms is not too large (see (28 this
case, an equilibrium exists for all values®fHowever, if the degree of loss aversion rises
further, equilibria only exist if there is a fliciently large share of informed consumers
which reduces the undercutting incentive of fiAnThis traded is illustrated in Table 1
below.

Table 1: Non-deviation condition

Variation of Ap™ andAc™ in g andA. (t = 1)
A1=3 1=6 1=9

B | APY(AB) AC(LB) | Ap™(A.5) AC(A,B) | AP™(A.B) AC™(L.B)
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 - - - -
0.0| 0.278889 0.75963 - - - -

In the proof we first provide the critical level @ for which the equilibrium condition
in (10) is satisfied for candidate interior equilibria. Wexhiglentify the set of candidate
interior equilibria which are robust to local and non-lopdkte deviations of firmA.

Proof of Proposition 10.

1. To find an upper bound afc for which the equilibrium condition (10) is satisfied
we determine the point at which(Ap; B) is a tangent on thap-line. In Figure 4
this corresponds to an upward shift of th@\ p; 8)-curve.

Tangent condition:

fFapp) =1 & 3¢y +¢"(1-24) =0 (30)

It is sufficient to considep = 0 as the most problematic case with respect to ex-
istence. The reason is that fBr> 0 there is a positive weight on the demand of

32Note that according to experimental work on loss aversitakes the value of approximately 3, which
is within this range.
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informed consumers which is linear. Denote the criticat@uiference that satis-
fies (30) a = 0 asAp?(1). We note that it is decreasing in

Then, the equilibrium condition in (10) is fulfilled if and nif Ac satisfies the
following condition

Ac < Ac®(2) = Ap(Q) — f(Ap™(1); 0). (31)

Ac?(1) is uniquely determined by p'(2), using equilibrium condition (10) because
at the tangent point there is a one-to-one relationship éavthe two variable¥.

2. Atthis step, we show that a solution to the first-order @orlis a local maximizer.
Suppose, by contrast, that,ap = Ap’, S OG, is not satisfied. Then, atp’, firm
A’s profit takes a minimum andp’ cannot be an equilibrium. Now, defirg$(1)
as the critical price dierence which satisfies the second-order condition of Arm
(27) with equality. There is a uniquep(1) for any givend because the convexity
of p is strictly decreasing ipa. Thus,S OG, holds forAp < ApS(1). We next show
thatS OG, implies the tangent condition—i.e\p3(1) < Ap®(1). Rearranging (27)
and (30) leads to

72
g < (Z,? , (27"

_ 72
@) O

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

3. Due to the increasing convexity of in —pa a candidate interior equilibria which
locally satisfyS OG, might be ruled out as an equilibrium because a non-locatdevi
ation may be profitable. This is the case when the convexguiiently large: A
non-local price decrease becomes a profitable deviatidirfiorA—an example of
this kind is presented in Figure 5. Given the increasing egity of 7, the unique
optimal deviation of firmA (if it exists) is characterized by firmA serving the en-
tire market of uninformed consumers—i.pdA, such thatAp? = Ap™*. Decreasing
pd further is not profitable since firi does not attract more marginal consumers,
while its profit margin goes down for all inframarginal consers. Hence, in the
following we will restrict our attention to price deviatierby firm A that steal the

33ForAc(1) < Ac < Ac®(1) there might arise two candidate interior equilibria. Hoeeas we see next,
the second one does not survive the |&®&G, criterion.
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7a(Pa Pg)
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0.6 0.8 1.0 1.2 1.4

Profit of firm A, ma(pa. Pg), as a function of its own pricpa givenpg = pg forAc =1
(ca = 0,cg = 1) and parameter values gf= 0,t = 1, and1 = 3: p, = 1.173009,
p"A = pg—Ap™®*=0.80863,p5 = 1.55863 Ap* = 0.385537, and\p™®* = Ap = 3/4.

Figure 5: Non-existence

entire demand of uninformed consumers. If deviating is fabke, firm A sets
pd = py — Ap™X ForpB = 0, firm A's deviation profitr§ is equal to f3 — ca) - 1
sincep(Ap™®*; 0) = 1. Using thalpdA = pg — Ap™®™we receive

9 = (p’g—Apmax—cA)-l
= (—1(;,"’ +AC—ApmaX)-1 by FOCg
_ (A 0+ g - ApmaX) 1 by (10)  (32)

For the candidate interior equilibrium, firdis profit is equal tara(Ap*) = (px —
ca)é, which in turn is equal t@?/¢’ by FOCa.

Thus, a deviation of firmA is not profitable if and only ifra(Ap*) > 7%. Rearrang-
ing yields

¢-(1-9)

A *SA max __
p Y p

(33)

This is the required non-deviation condition. We defixg@(1) as the non-trivial
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solution diferent fromAp™®*to (33) holding with equality. We have

HAP(D;0)- (1= B(Ap™(); 0)

nd _ max _
APT =4 ¥ P 0)

Lemma 6 below shows thatp"(1) is uniquely determined by this non-deviation
condition if the trivial solution Ap™® is excluded. Furthermore, the set of non-
negativeAp™(2) is non-empty forl € (1, 1+ 2V2].

Again by using the equilibrium condition (10), an interiaqudibria exists if and
only if Ac < Ac"(2) = Ap™(Q) — f(Ap™()).%*

4. Taken together, due to increasing convexityrgfthe non-deviation condition im-
plies local concavity of the firms’ profit function and theye#, as shown above,
the tangent condition. Thus any pricdfdrence resulting from a candidate interior
equilibrium which satisfies the non-deviation conditiom dee supported in equi-
librium, asAp™(2) < ApS(1) < Ap®R(1) < Ap™X1). This provides a bound on the
admissible cost asymmetry that is given in the proposition.

O

Lemma 6. For 8 = 0anda € (1, 1+ 2v2], Ap"(1) is the unique non-trivial solution
(i.e.,Ap # Ap™®) to the non-deviation condition i(29),

¢(Ap; B) - (1 - ¢(Ap; B))
¢'(Ap; B) '

Ap — Apmax_
Moreover,Ap™(2) is non-negative.

Proof of Lemma 6.Note that the non-deviation condition is trivially satisfiat Ap =
Apm® sincegp(Apm®% B) = 1 for B = 0 (see Figure 6 below for a graphical illustration of
the non-deviation condition). It can be shown tAéAp) = Ap + ¢(1 — ¢)/¢’ approaches
ApM® from above forAp < Ap™®. For Ap > 0 butAp being small,A(Ap) is strictly
increasing and strictly concave. Moreov&(Ap) is continuous and exhibits at most one
maximum forAp € [0, Ap™®). Taken together, there exists a unique € [0, Ap™®) at

34For B > 0 we have to be more careful to have a uniqueness statemargorfie8 > 0. ForAc!(1) <
Ac < Ac™(2) (where, in an abuse of notation, the latter critical vasi@djusted fop), the equilibrium
condition (10) may not make a unique selection—i.e., theightrarise a second solution to (1Qp**.
This solution can be ruled out because, by constructigrt; is larger tham p'3(1) and, hence, larger than
Ap™(1). The unique interior equilibrium that survives the nonddéon condition would be selected by
the following existence criterioAc < min{Ac"(1), AcY(1)}.
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which the non-deviation condition is satisfied if and on)yaifAp = 0, A(Ap) is smaller or
equal tham\p™ Forg = 0, A(0) = (1+3)/(4t(21+ 1)) andAp™®* = AP = (1+ 3)t/(2(1 +
1)). Itis easy to check tha&(0) < Ap™*if and only if 1 € (1,1 + 2V2]. Denoting the

solution to the non-deviation condition p"(1) completes the procf O

Ap+ £59 : solid, Ap™*: dashed

0.80:
0.75:

0.70f

0.65

| ‘ ‘ ‘ | ‘ ‘ ‘ | ‘ ‘ ‘ | ) Ap
0.2 0.4 0.6 0.8

Non-deviation condition of firmA, as a function of the price fierenceAp for Ac =
0.25 (ca = 0.25, cg = 0.5) and parameter values = 0,t = 1, andi = 3: Ap™(3) =
0.27889,Ac™(3) = (Ap"¥(3) — f(Ap™(3);0)) = 0.75963,Ap™ = AP = 3/4, and
Ap = 0.83485. Non-deviation foap < Ap™(3) = 0.27889.

Figure 6: Non-deviation in asymmetric industries

If the degree of loss aversion becomefisiently high @ > 1+ 22 ~ 3.828), the set
of non-negativeA p"(1) becomes empty. Here deviating is profitable even for symimet
industries Ac = 0). However, restricting the share of uninformed consuro@nseinforce
existence of symmetric equilibria in this case.

To provide a concrete numerical example on equilibriumterise and uniqueness, for
1=3,t=1ands = 0, the following price dferences arisap"(3) = 0.27889,Ap"(3) =
0.31072,Ap%(3) = 0.48259,Ap®?(3) = 0.69532,Ap™* = AP = 0.75, andAp = 0.83485.
Moreover,Ac"(3) is equal to Ap™(3) — f(Ap"Y(3); 0)) = 0.75963—i.e., an equilibrium
exists forAc < 0.75963. The other critical values are"(3) = 0.83485,Ac®(3) =
1.40396, and\c™(3) = 1.5. SinceAc™(3) < Ac!(3) the equilibrium is the unique interior
equilibrium. SinceAc™(3) < Ac"(3) there does not exist a non-interior equilibrium. For

BWe receiveAp"(1 + 2V2) = 0 and, fori — 1, Ap"(1) — Ap™maX.
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equilibrium values atc = 0.25 and 075 see Tables 2 and 3 in Appendix C. An example
for non-existence gt = 0 is provided in Figure 5 witlAc = 1.

C Tables



Table 2: 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 3: 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
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Table 4: 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 fog = 0 (see Figure 5)ga(Ap*) is decreasing ipp—i.e., uninformed consumers are easier to attract thamnréd

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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