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Abstract

Consider a dferentiated product market in which all consumers are fuifgrimed
about match value and price at the time they make their psichalecision. Ini-
tially, loss-averse consumers become informed about tlcegoof all products in
the market but do not know their match value. We show that ésssion in the
match-value dimension leads to a less competitive outcevhée loss aversion in
the price dimension leads to a more competitive equilibribem a market in which
consumers are not subject to reference dependence. Dagemdihe weights con-
sumers attach to the price and the match-value dimensioaylketnwith loss-averse
consumers may be more or less competitive than a market witbueners who do
not have reference-dependent utilities. We also show thiasummer loss aversion
tends to lead to higher prices if the market accommodategjerlaumber of firms.
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1 Introduction

In this paper, we introduce loss-averse consumers intdfarentiated product market
and investigate the competitivéfects of consumer loss aversion and, more generally,
reference-dependent utilitiésOur framework applies to inspection goods: Consumers
learn about available products and prices but have to ingpeducts before knowing the
match value between product characteristics and conswastertconsumers often face
such a situation because price information can be easilynuoncated, whereas match
value is more dficult for a consumer to assess.

Reference dependence and loss aversion in consumer ceacebust empirical phe-
nomenon that has been documented in a variety of laboratwhyield settings starting
with Kahneman and Tversky (1979). Following Koszegi andiR4B006), reference
points are expectation-based: A consumer’s referencet imer probabilistic belief
about the relevant consumption outcome held between theestia first begins to contem-
plate the consumption plan and the moment she actually mih&grirchase. Consumers
are loss-averse with respect to prices and match value adskH-fulfilling expectations
about equilibrium outcomes to form their reference poistjraHeidhues and Koszegi
(2008)2

Firms compete in prices for fierentiated products. Productidrentiation is modeled
as in Salop (1979). In addition to the standard businessistedtect in oligopoly, price
affects reference-dependent utilities. In particular, hadhe reference-point distribution
fixed, a price reduction leads to a gain in the price dimenfiononsumers who buy this
product but to a loss in the price dimension for all consunadrs buy the other product.
This implies that, due to reference dependence, a conssineatized net utility depends
not only on the price of the product she buys but also on theei the product she does
not buy. Furthermore, price can be seen as an expectatioagament tool, as itfeects
the reference-point distribution in the price and in theahatalue dimension. Utility

Loss aversion is defined as reference dependence with arhiglight on comparison losses than on
comparison gains. This means that, like reference-depgicdasumers, loss-averse consumers compare
consumption outcomes with a reference point and, morethatrthey dislike comparison losses more than
they like equally large comparison gains.

2For evidence that expectation-based counterfactualsfauot the individual’s reaction to outcomes, see
Blinder, Canetti, Lebow, and Rudd (1998), Medvec, Madey, @ilovich (1995), and Mellers, Schwartz,
and Ritov (1999). The general theory of expectation-baséstence points and the notion of personal
equilibrium have been developed by Koszegi and Rabin (2806 )Xoszegi and Rabin (2007).

3For empirical evidence on multi-dimensional referenceetelence see Crawford and Meng (2009),
Fehr and Goette (2007), and Neumann and Neuman (2007). ik (2009) provides an excellent
survey of empirical behavioral economics.
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is also d@fected by the match-value dimension because price chafiges the expected
match quality.

We characterize the duopoly equilibrium and establish ttmms for equilibrium exis-
tence and uniqueness. Our model allows for clear-cut comtiparstatics results.

Our first main result is that, in markets in which consumetiituyis reference-dependent
and, more specifically, features loss aversion, the comee#tect of such a behavioral
bias depends on the weight of the price dimension relativiedanatch-value dimension.
In other words, whether the behavioral bias makes the manke¢ or less competitive
depends on how gains and losses in the two dimensions emsummers’ utility function.
We show that reference dependence with respect to pricgs ledower prices and, thus,
is pro-competitive, whereas reference dependence wiffeceso match value is anti-
competitive. This holds even if gains and losses enter viighdame weights into the
utility function

We then focus on the reference-dependent utility spedificah which the price and

match-value dimensions enter with the same weights in thgydtinction. Consider the

n-firm oligopoly with localized competition put forward by Ba (1979). We accom-
modate loss-averse consumers in this model. In this contexbbtain our second main
result: Consider a setting in which the number of firms wowdchbutral to competition if

consumers’ utility functions did not feature loss aversibfirms coordinate on the sym-
metric equilibrium that maximizes industry profits, an e&se in the number of firms
leads to higher prices when consumers are loss-averse. Alssagss in Section 4, this
finding can be interpreted filerently: Firms jointly benefit from limiting the targeting o
advertising®

This paper contributes to the analysis of consumer losserem imperfectly compet-
itive markets and complements our companion paper, KadePaitz (2010), as well as
Heidhues and Koszegi (2008) and Zhou (20D8)ore broadly, it contributes to the analy-

4Reference dependence includes this case, while loss aneegjuires that gains and losses enter with
different weights.

SThis is a novel contribution to the work on targeted advirgsvhich has focused on the optimality of
targeted advertising—see, e.g., Esteban, Gil, and Heaza(2901).

SFor work in a monopoly context see Heidhues and Koszegi (2808 Spiegler (2010), and Heidhues
and Koszegi (2010). Heidhues and Koszegi (2005) show thiahapmonopoly prices are sticky with re-
spect to costs fluctuations when loss—averse consumersefquattation—based reference points. In their
setup consumers are loss—averse with respect to pricessardation utility from purchase and the monop-
olist initially commits to a price distribution followingasts realization. Spiegler (2010) reproduces their
main result by using a simpler, sampling-based referenneeq. He also finds that loss aversion lowers
expected monopoly prices and that sticky—price equiliareamore likely to arise when uncertainty stems
from demand shocks rather than from costs shocks. Heidmae&aszegi (2010) augment their earlier
results by providing a rationale for sticky regular pricesl @ariable sales.



CoNSUMER Loss AVERSION AND COMPETITION IN DIFFERENTIATED PrRoDUCT M ARKETS 3

sis of behavioral biases in market settings, as in Della&®md Malmendier (2004), Eliaz
and Spiegler (2006), Gabaix and Laibson (2006), Spieg@dq®, and Grubb (2009).

Compared to Heidhues and Koszegi (2008), our model has tstmguishing features.
First, firms’ marginal costs are identical and common knolgk This is in line with a
large part of the industrial organization literature orgopoly and constitutes a limiting
case of Heidhues and Koszegi (2008). It is approximateigfead in stationary markets
in which firms are well-informed about the technology of thempetitors. Assuming
the same marginal cost amounts to assuming that all firmsessime technology. Sec-
ond and more importantly, we postulate that prices ardsftreconsumers form their
reference point. This property in particular holds in méske which prices are easily
observed but in which consumers need time to evaluate thehmalue—for an elaborate
discussion see Section 1 of our companion paper, Karle aitzl 2610)8 For instance
consider the purchase of complex or less frequently bougtidyzts (like perfumes and
electronic devices), for which consumers have to inspemdysts more carefully before
learning their match value. We also allow for a populatiox imétween consumers with
and without reference-dependent utilities, whereas Hegdland Koszegi (2008) only
allow for the two polar cases.

In independent work, Zhou (2008) predicts a pro-competid¥ect of consumers be-
ing loss averse that contrasts with Heidhues and Kosze@B)2an Zhou’s model and
in ours firms can manage consumers’ reference point by chggsioduct prices. A
key difference between the two models is that consumers in his madebtduse an
expectation-based reference point. Instead, he propobegaay-dependent reference
point: Consumers consider the product visited last as th@@rence point.

In this paper, we provide a taxonomy ofi@irent market environments and find that the
impact of consumer loss aversion on competition depende@pdrticular specification
of the gain-loss utility: If consumers experience a gaisslatility in the price dimension
only, the behavioral bias is pro-competitive; if they expece a gain-loss utility in the
match-value dimension only, the behavioral bias is antjetitive. If both dimensions
enter the utility function symmetrically, the result dedsron the presence of consumer
loss aversion: If gains and losses receive the same weight30 loss aversion), the bias
is competitively neutral; otherwise, with consumer lossraion, the anti-competitive
effect in the taste dimension dominates.

"For overviews, see Ellison (2006), DellaVigna (2009), api§ler (forthcoming 2011).

8In a dynamic extension in the spirit of Koszegi and Rabin @08e would need that consumers’
expectations about prices are updated before the consierpestations about match values.
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In Karle and Peitz (2010), we analyze a model of asymmetrapdly and explore the
effect of cost asymmetry and the share of ex ante availablenvation in the consumer
population on market outcomes. The present paper hafaalit focus: We analyze
symmetric oligopoly and explore howftirent weights in the price and match-value di-
mension of the reference-dependent utilities and the nuofldems shape competition.

The plan of the paper is as follows. In Section 2, we presestnibdel. In Section 3,
we characterize the duopoly equilibrium. We also comparefiadings to those of the
duopoly model with a dierent timing of events inspired by Heidhues and Koszegi&200
In Section 4, we extend our analysis tomfirm oligopoly. Section 5 concludes. Some
of the proofs are relegated to Appendix A. Equilibrium esigte in symmetrio-firm
oligopoly is established in Appendix B.

2 The Model

Consider a market witlm firms and a continuum of loss-averse consumers of mass 1.
Firms are located equidistantly on a circle of lengith= n. The location of firmi is
denoted byy; = i1 — 1 foralli € {1,...,n}. Consumers observe firms’ locations ex ante.
Each firmi announces its pricp; to all consumers.

Consumers are uniformly distributed on the circle. A constsnocationx, x € [0, n),
represents her taste parameter. Her taste is initially—Hefore she forms her reference
point—not known to herself.

A fraction (1- B) of consumers, & B < 1, has reference-dependent utilities. As will be
detailed below, consumers endogenously determine tHenerece point and then, before
making their purchase decision, observe their taste pdeartvehich is each consumer’s
private information). At the moment of purchase, all conswrare perfectly informed
about product characteristics, prices, and tastes.

All consumers have the same reservation valdier an ideal variety and have unit de-
mand. Their utility from not buying is-c0, so that the market is fully covered.

We note that the circle model allows for the alternative aquivealent interpretation about
the type of information consumers initially lack: Consuméo not know the location of
the firms; they know only that thefirms are located equidistantly on the circle.

Let the consumer type with standard utilities in 1) who is indiferent between buying
goodi and good+1, be denoted by {p;, pi.1). The corresponding infferent loss-averse
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To derive the two-dimensional reference-point distribotf loss-averse consumers, sup-
pose that the price vectpr= (ps, ..., pn) is such that any sub-market between two neigh-
boring firms is served by only these two firms—i.e., the maxmprice diference be-
tween any two neighboring firms is not too large in absolute$g® The rank order of
the price diterence Ap" = pi.1 — pi, and distance between firnand her indiferent loss-
averse consumer on the rigﬁt,—m = ?(,* —(i—1) € [0, 1], are identical! This holds true
since the reference comparison induced by reference-depenmitility is, by construc-
tion, rank-order maintaining. For examplepif= pi,1 (Ap; = 0), thenfq* -(i-1)=1/2
(by symmetry), While>ﬁ<j+ -(j—-1) > 1/2if p; < pj+1 (Ap; > 0). The reference-point
distribution in the price dimensioif,(p), is the probability that the equilibrium purchase
price p* is not larger tharp. Recall that due to consumers’ initial taste uncertairitg, t
equilibrium purchase price is not known when consumers thiir reference point, even
though firms’ prices are already disclosed. Under the umifdistribution ofx, we obtain

Fp= ) &0 (1)

A n
ifilpi<p}

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

Vel .. 2n): a={ﬁ_f_9’ Tt 2)

1-(%=(@-1), if j=2i.

Distanceg; can be ordered by rank. Lgtk] describe thekth smallest distance ifz,-}fgl
and #€[K]) the number of distances of sizk].'®* o(x) describes consumeds pur-
chase decision (pure-strategy personal equilibrium)clwhequires that, for given prices
p, consumers correctly anticipate the locations of theffedent consumer&ﬁ}{‘zl. The
reference-point distribution in the taste dimensig(s), is the probability that the equilib-
rium taste diference between the consumer’s ideal tastad the taste of the purchased

0The case in which a single firm serves several sub-markets@aered in Section B.2 in the Appendix.
“Note that the indekfor Ap;” is modulon—i.e., Ap;; = p1 — pn.
12Note that mafz,i_1, zi} represents the maximum tast&dience consumers located between fiend

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

30bviously, if there are no ties between pric&eliences and between distances, thefk}j(= 1 for all
ke{l, .. K}andK = 2n.
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producty,y is smaller than a real numbs#i.e.,G(s) = Prob(]X—Y,y| < s). We obtain,

28, se [0, Z1]];
ZS%E]Z[]-D +ay, Se (Z[l], 2[2]]!
. i k ) :
9= 26 o o ke &
S
22 ML L a1 se (K - 11, ZK]);
ax =1, se€ (4K]. 1]

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

If there are two or more ¢lierent pricesp; in the market, then there are at least two
different distances. For small realized tasteftierencess € [0, Z[1]], consumers expect
to buy from their closest firm ex post and, th@®&s) = 2s. For a larger taste fference,
however, consumers anticipate that they will be attractigd positive probability to the
more distant, cheaper firm ex post. For this to happen, gwe(g1], Z2]], the realization

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

in the interval {1 — 72], fq*], the consumer will be attracted by the low-price firm
Therefore, the consumer will not buy from her closest firmguaigbrium. This means
that fors € (1], 42]], only 2n — 1 sub-markets are relevant for the probability of facing
sandG(s), therefore, equalss2n — 1)/2n plus a constant. This argument carries over
to all se (4k], 4k + 1]] with 1 < k < K < 2n. G(s) shows up to & — 1 kinks if theren
distinct price diferences in the market.

We next turn to the consumers’ utility function. Using thé&erence-point distribution in
both dimensions, we can then solve for the consumers’ patrsguilibria. Consider the
indirect utility functions of a consumer who has learnetgaorming her reference-point
distribution given prices, that her ideal tastées in the sub-market between fimand
firm i + 1. Suppose further that this consumer is thefiiedént loss-averse consumer on
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this sub-market—i.ex = f(i+ € [i = 1,i]. The consumer faces a distance?pf— (i-1)=
Zi_q to firmi and 1- z;_4 to firm i + 1. Her indirect utility if buying from firmi can be
expressed as

U(x=%,p) =v-1tzii1-p
f(]* ):(‘ - %

(—/1 Z ) P — pj) + Z %(pj—pi)))

jetilpj<pi) jetilpj>pi}

+ am( —at fozz 1(Zzi_1 — 9)dG(s) + tle (s- ZZi—l)dG(s))’

2i-1

where the first line describes the consumer’s intrinsidgtytiftom producti. Parameter
v represents the common reservation value for one unit of amguat, and scales the
disutility from distance between ideal and actual tastehendircle. In the second line,
@, > 0 measures the degree of reference dependence in the prieasion. The first
term in the second line shows the loss in the price dimensim hot facing a lower
price thanp;, while the second term in this line shows the gain from noinig@ higher
price thanp;. The weight on losses it > 1, while the weight on gains is normalized to
one. This feature, combined with the reference comparisgplements loss aversion in
our setup. In the third liney,, > 0 measures the degree of the reference dependence in the
match-value dimension, which is equal to 1 in the standaséaThe two terms in the
third line correspond to the loss (gain) from not facing a kendlarger) distance in the
taste dimension thafq* — (i—=1) = zj_1. If buying from firmi + 1 instead, the indierent
consumer’s indirect utility is

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

><))

i) (X
+ ap( -4 Z —(p.+1 pj) + Z JT(pj - pi+1))
jetkipk<pis1) jetkip>pir1)
(1~22i-1) 1
+am{ — 1t fo (1= 2.1) - 9AG(9) + t f(l | -a- 25 ))dAG(S))

By settingu;—u;,; = O for alli and solving for{fq*}i”:l, we determine the locations of indif-
ferent loss-averse consumers (consumers’ personal ledgiilfor any giverp (provided
that a solution exists).

Since the focus of this paper is on symmetric firms and symaptice equilibria, we

14Heidhues and Koszegi (2008) and Karle and Peitz (2010) geatvieir analyses under the assumption
thatem = @p = 1. Also note that forl — 1, consumers face no loss aversion but are still reference-
dependent.
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can restrict our attention to prices that are the same fdiraids but one. The variation in
the price of one firm is required to determine the symmetrigildgium prices in stage
1 of the game. Lep; # p’ be the price set by firmandp; = p’, j # i, the price of
other firms in the market. By symmetry, the location of fielient consumers in any sub-
market with zero price dierence lies exactly in the middle between the two firms on this
sub-market—i.e.}?j+ —(j—1) = 1/2. The location of indterent consumers in the two
sub-markets around firmis further apart from firm than /2, if firm i has set a lower
price than any neighboring firm—i.ex; — (i — 1) = (i — 1) - X > 1/2 for p; < p—and
vice versa if firmi has set a higher price than any neighboring firm. In the fahgw
lemma, we solve for the location of the ifidirent consumek™ as a function of the price
differenceAp = p’ — p; = 0, conditional on the number of firntsin the market and the
weightsa, andar, with respect to the two dimensions of loss aversion. In arselmi
notation, Iet>ﬁ<i+ depend on the size of the price deviatibpand the pricg’ that is set by
all other firms, i.ep=(p/,..... P, pi, s ... ).

Lemma 1. Suppose thaﬁi+ e[(i-1)+1/2,i], p < p’;and g = p’ forall j # i. Moreover,
A>landa, > 0. Then?q*, as a function of the price glerenceAp = p' — p; € [0, Ap]
given the price vectop = (¢, ..., ', pi, P, ..., P), IS

2(am+1) 3n+2) 2ap - AP

X (Ap, p)=(i-1)+ (Clm(/l —1)(n+2) * nin+2)) anwn(n+ 2t

-25(Ap).  (4)

where

a3(1—1p - Ap? — (1 - DAt Ap+ (1 + amd)?n?t?
S(Aap) = \/ (@ = Dn(n + 2)0?

with A = (chpn + am(n(n +2)+ap (2(/1 -1D+B1+1)n+ nz))) andAp being the upper
bound ofAp for which the square root @ p) is defined?

The proof of Lemma 1 is relegated to Appendix A.1. In the prood make use of the
fact that there exist only two infferent consumers whose locations arfedent from
1/2, the indiferent consumers to the right and the left of ficn®ince their locations are
symmetric, it stfices to solve a system of one (quadratic) equation and oneoumk

BForx e [i — 1,i], consumei’s personal equilibrium (determining her product choices=ir(x, Ap) €
arg maei 1) Uj(x. pj. p-;)) is described by

i if x € [yi, X (Ap, P)]

Teean= {i 10 xe (R AP p). el
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i.e., to solvey; — u;,; = O for >:<,.+. Fora — 1 oram — 0,u — U, = 0 collapses to a linear
equation and:q*(A p, p’) shows a much simpler form.

From the general form o?q*(Ap, p’) in Lemma 1, we can derive the demand from loss-
averse consumers of firmX(Ap, p’): Using the uniform distribution ok and symmetry
we obtain

X (Ap.p) - X (Ap.P) _ 2

R(ap. ) = - SF@app)-(-1)=2z1  ©)

In the next section, we consider duopoly markets varyingwbahts on the price and
taste dimensions of loss aversion.

3 Duopoly

In this section, we characterize equilibrium candidatesremging first-order conditions.
We also provide conditions under which an interior equilibr in a symmetric duopoly
exists and under which it is unique. We start by establissmme properties of market
demand that will be needed below. In Subsections 3.1 to 33paus on the case, =

am = 1.

3.1 Properties of market demand

We first consider standard consumers who do not have refeggmendent utilities. Such

a situation will represent our benchmark. For pripeandp_; with i € {1, 2}, a standard
consumer located atobtains the indirect utility; (X, p;) = v —tly; — X — p; from buying
producti. The expressiom — tly, — x| captures the match value of produébr consumer

of type x. The indtferent standard consumer between firm 1 and 2 is given by sthnda
Hotelling formula

(t+Ap)
2t

X (Ap) = (6)

with Ap = p, — p.. Symmetrically, a second infierent (standard) consumer type is
located at 2- X{(p1, p2) € [1,2]. Without loss of generality we focus on demand of
consumers between 0 and 1 and multiply by 2.

We next turn to loss-averse consumers. In duopoly with eguggdhts of one on both
dimensions of loss aversion, the location of the fiatent consumer between firm 1 and
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2isequal to

X (Ap)

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

T(-10 & V12 2a-1) " 3@ -1
=S(Ap)

with Ap = p,— p;—compare Lemma 1. This expression is validAqgr suficiently small.
The square rooS(Ap) in (7), is defined foAp € [0, Ap] with

2t
(1-1)

Ap =

(2(4 +2)- RO+ 2P -1+ 1)2), )

which is strictly positive for alll > 1. It can be shown that, fot > 3 + 2V5 ~ 7.47,
the indiferent consumer satisfiefg(Ap) € [1/2,1] for all Ap € [0,Ap]. If the degree
of loss aversion is smallet, < 3 + 25, X (Ap) rises above one. Therefore, we have to
define another upper bound on the pricatenceAp, with Ap < Ap by the solution to

X (AP) = 1. We can solve explicitly,

(A+3)t

AP= oDy

9)

The upper bound for the priceftirence (which depends on the parametensd 1), for
which >‘q is defined as in equation (7), is given by:

AP, ifl<A<2;
Apmaxz{ hones (10)

Ap, if 1> A
with1=3+2V5~ 7.4716

Sincex is uniformly distributed on a circle of length = 2, the demand of firm 1 from
loss-averse consumers, is equal to & —%;)/2 = (2X})/2 = X. It can be shown that the
derivative of%, (A p) with respect ta\p, §1(A p), is strictly positive for alAp € [0, Ap™:

3 _ Ap  (1+2)
X(AP) =~ 7 - 2-S(Ap) '(@ 2t - 1))‘

16Note thatAp € [t (V5-1)/2, t) ~ [0.618:, t) forl<A<iandApe (t -2(V3-2),t-(V5- 1)/2) ~

(0.536t, 0.61&) for 1> i.
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Evaluated at\p = 0, this becomes

1 N 1+2)

X(0)=—— + ———_.
%(0) 4t 2t(1+ 1)

?(’1(0) is approaching /A2t) from below fori — 1 and ¥ (4t) from above forl — co. This
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Figure 1: Demand of standard and loss-averse consumers

Furthermore, fo\p™® = Ap, it is discontinuous atAp™@* It approaches one fakp =
t.1® Firm —i’'s demand is determined analogously dpy(Ap; 8) = 1 — q(Ap;B). In the
following, we are interested in interior equilibria in whidoth products are purchased
by a strictly positive share of loss-averse consumers+Ajis lower thanAp™®* This
holds when firms’ prices are not too asymmetric.

Several properties of the demand of fifroarry over from&*(Ap, p’):2° For 0 < Ap <
ApM®(i.e., for any pricep; that is lower than its competitor’s price), the demand of firm
i, Gi(Ap; B) is strictly increasing and convex iip. It is concave for a price above the
competitor’s price (forAp < 0). In the remainder, we often refer ¢p as a short-hand
notation forg;(Ap; 5). The derivativedq;/0Ap is denoted byy, .

3.2 Equilibrium characterization, existence, and unique®ess

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

1At Ap = t, firm i serves also all distant standard consumers which are htardetract than distant
loss-averse consumers because the former do not face a bhgsgrice dimension if buying from the more
expensive firm-i. ForAp > t demand of firm shows a second kink. We ignore this region since we are
interested in cases in which both firms face strictly positiemand.

20See Appendix A for more details.
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first-order conditions

on; .
5y <0+ (PO =0 Li=12 (FOC)

We refer to a solution characterized by these first-ordeditimms as an interior solu-
tion. Our framework allows us to explicitly solve for eqbilium markup in symmetric
duopoly, in contrast to Heidhues and Koszegi (2008). ThHewiehg lemma characterizes
the symmetric equilibrium.

Lemma 2. Any equilibrium is unique and symmetric. Equilibrium psae given by

pi=c+ i=12 (13)

—_— 1
(1-p) (1-1)°
1- 2 (A+1)

Proof. Rearranging the first-order conditior’s@GC;) and using thag}(0;8) = 1/2 for all
B, we obtain

—2 _i=12, (14)

where

GO =~ (1-3) - TP (o U+ )

250y " 2t(a-1)

:_ia_&ﬁ+ﬂ—ﬁW(z+a)

2, \ 2t - 1)

1
C4t(A+1)

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

Substituting into equation (14) yields the unique symneegquilibrium price in (13). O

For any interior solution, quasi-concavity of the profit éions would assure that the
solution characterizes an equilibrium.

However, the profit function is not quasi-concave. If firgets a much lower price than
firm j, firm i’'s profit becomes increasingly convex due to the increasomyexity of its
demand with loss-averse consumers.

a2 =29 + (pi - O, (15)
i
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whereq’ = d%qi(Ap)/dAp? which is positive forAp > 0 but negative fop < 0 due
to symmetry (sinceji(—|Apl) = 1 - gi(|Apl)). Using that o — ¢) = qg;/q by FOG, the
second-order condition of firincan be expressed as

-2())* + qq’ < 0. (16)

For B < 1, equation (16) is satisfied faxp suficiently small, while it is violated for
Ap — Ap, asq’ goes faster to infinity if\p than ¢)?.

This violation of quasi-concavity reflects that fiirmay have an incentive to non-locally
undercut prices to gain the entire demand of loss-averssuooers when the initial sit-
uation has the property thafp is large. This is due to the property that loss aversion in
the price dimension increasingly dominates loss aversidhe taste dimension if price
differences become large. Moreover, excessive losses in teedamension if buying the
expensive product make also nearby consumersjainore willing to opt for product,
j#I

The next proposition clarifies the issue of equilibrium &mee. It deals with the non-
quasi-concavity of firm’s profit function by determining critical levels for the deg of
loss aversion such that no firnihas an incentive to non-locally undercut prices. We use
that the convexity of firm’s profit function is increasing ithp which yields that stealing
the entire demand of loss-averse consumers is the unigpetyga deviation of firm. We
focus on the most critical case for equilibrium existenbe,dase in which all consumers
are loss-averse.

Proposition 1. Suppose that all consumers are loss avegse Q) and there are two firms
in the market. A symmetric equilibrium with pricesfpr all i € {1, 2} exists if and only if

1<A<A°witha°=1+2V2~3.828 (17)

The following proposition extends the existence condiioalyzing the relationship be-
tween the degree of loss aversion and the share of standasdroers on the market. A
critical level of 3 for symmetric equilibria to exisg®™ (1), is derived as a function of.

Proposition 2. Suppose that there are two firms in the market. A symmetriditegum

2IAdding more standard consumers always reduces the prolfleanequasi-concavity of firnis profit
function since the demand of standard consumers is linéas, The upper bound on the degree of loss aver-
sion with only loss-averse consumers ifimient for existence with a positive share of standard comsam
Cf. Proposition 2.
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with prices g for all i € {1, 2} exists if and only if

B =), (18)
wheres®™ (1) is an increasing function in given by

0, if 1e(1,1+2V2],
B =4 peit(a), if de (1+2V2, ], (19)
B, ifA>2A~ 747,

wheregd™ andgS™ are defined in the proof in Appendix A.2.

We note thapi™ (1) € (0,0.349] andss™ (1) € (0.349 0.577) in the associated ranges for
A. The proofs of Propositions 1 and 2 are relegated to AppehdxThe critical share of
standard consumers for symmetric equilibria to exd%t,(1), is depicted in Figure 2. If
the share of informed consumers igigtiently large (above 57.7%) symmetric equilibria
exist for allA > 1. The more general existence proof foftéient weightsy, andan, is
provided in Appendix B.1.

ﬁcrit (/l)

0.4

0.3  Non-deviation
0.2

0.1

Critical share of standard consumeg%it(1), for which symmetric equilibria exist as
a function of the degree of loss aversion 1,t = 1. Non-deviation fop > g (1).

Figure 2: Non-deviation in symmetric duopoly

In the remainder of this section, we disentangle pro- andcamhpetitive €fects of the
presence of loss-averse consumers. We also relate ourgsdimthe competitivefgects
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of consumer loss aversion to a setting in which consumers feference points before
the firms have set their prices, as is the case in Heidhues aszkli (2008).

3.3 Comparative statics in the basic duopoly model

We define the equilibrium markup as$ = p* — c. Using Lemma 2, we obtain compar-
ative static results. In particular, as the share of stahdansumers increases, the firms’
markup decreases. This result follows directly frofiatientiating (13) with respect &

Proposition 3. For 2 > 1, equilibrium markup is decreasing in the share of standard
consumersg.

In other words, loss-averse consumers exert a hegativenekigfect on standard con-
sumers consumers. This contrasts the findings of a posiieeral dfect in Gabaix and
Laibson (2006) who consider a market in which only a fracbboonsumers are knowl-
edgeable about their future demand of an “add-on servichilevother consumers are
“naively” unaware of this.

Two additional comparative static results follow immedlgtfrom Lemma 2. First, equi-
librium markup is increasing in the degree of loss aversiorfor1 — 1, firms receive
the standard Hotelling markup &f Second, equilibrium markup is increasing in the in-
verse measure of industry competitivendss;ort — 0, firms engage in pure Bertrand
competition and markups converge to zero for all levels s$ laversion. This shows that
consumer loss aversion does nffeat market outcomes in perfectly competitive envi-
ronments, and our results rely on the interaction of imp¢idempetition and behavioral
bias.

Table 1: Symmetric Equilibrium: Markups

a1 2 3 3.8284 5 7 9 00

1 1 1 1 1 1 1 1 1

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

0.2 1 1.15385 1.25 1.30602 1.36364 - - -

0 1 1.2 1.33333 1.41421 - - - -

Table 1 reports equilibrium markups forfidirent values of the share of informed con-
sumers3 and of the degree of loss aversianWe make the following observation: The
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markup is higher the more consumers are loss-averse andgherhs the degree of

loss-aversion (provided parameters are such that synmeguilibrium exists, compare
Figure 2.

3.4 Pro- and anti-competitive df



CoNSUMER Loss AVERSION AND COMPETITION IN DIFFERENTIATED PrRoDUCT M ARKETS 19

The symmetric equilibrium prices in this general case cardéved analogously to
Lemma 2. Considering only loss-averse consumees Q) we obtain

t
1 1 amd-ap(a+1))’

2 (amA+1)

i=1,2, (22)

pi=Cc+

provided an equilibrium exists. In Proposition 6 in AppenBil we provide conditions
for equilibrium existence for this case.

As one polar case we consider markets in which all consumers a
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product 1, we have that
V=tX—p1+ (L= X)(P2 — p1) = V—t(1 = X) — P2 — AX°(P2 — 1) (23)
Hence, for given beliefs®, the indiferent consumex is

11 1+(1-1)x®
x:§+—(pz—pl)+M.

2t 2t (24)

We observe that on top of théfect forA = 1, under consumer loss aversion there is an
additional positive clubféect: The more consumers are expected to buy from firm 1, the
better it is for a consumer to buy product 1 instead of 2. Uiseérfulfilling expectations
X=X = f(p we thus see that, due to a positive cldteet, the pro-competitivefiect in

the price dimension becomes larger as the degree of lossi@varincreases.

Second, consider the case that consumers experience ¢oggiatility in the match-
value dimension only. Comparing a market with loss-aveosa tarket with standard
consumers reveals that competition is less intense if coassiare loss averse. Straight-
forward computations show that, = ¢ + t(1 + 2) which leads to a less competitive
outcome than in the standard Hotelling-Salop model. A piieerease for firmnimplies
that consumers are more likely to buy from fiinthan firmj, j # i. This implies that
the marginal consumer more often encounters a worse matehfirmi. Since relatively
bad matches enter negatively the gain-loss utility, theepelasticity of demand is lower
and best-response functions are shifted upwair@lecively, competition is less intense
compared to the market populated by standard consumers.

The following remark summarizes the insights obtained abov

Remark 1. If consumers experience a gain-loss utility in the priceatision only, mar-

kets with loss-averse consumer are more competitive thakatsawith standard con-
sumers. By contrast, if consumers experience a gain-lokty uh the match-value di-

mension only, markets with loss-averse consumers are desgatitive than markets with
standard consumers.

This insight holds more generally; in particular, it does redy on the assumption that
taste parameters are uniformly distributed and thatytigpends linearly on match value,
defined as the distance between consumer and product. Témsm@ions are mainly
made for computational reasons.

We note that this result does not rely on losses enteringtthigy tunction with a differ-
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Figure 3: Pro- and anti-competitivéfects of loss aversion

ent weight than gains; what matters is that the consumeitgy dtinction is reference-
dependent. In other words, the result remains to hold trae=ifl.

Let us now consider intermediate cases between the two pak®s. In our baseline
model, both dimensions entered with equal weights= am. For this case we obtain
that the taste dimension dominates the price dimensioro(lsvs from equation (13)) if
consumers are loss-averse, ie> 1.

Depending on the degree of loss aversigrihere is a critical relationship of gains and
losses in the price dimension relative to the match-valoeedision such that pro-competitive
and anti-competitiveféects cancel out each other. This critical relationshipveigiby

~ 21
ap(am; A) = 1+1 m, (25)

which turns out to be simply a ratio of weights on the price aratch-value dimension
ap andan, for given .2 This ratio is depicted in Figure 4 fot = 1 and1 = 3. It
shows the competitiveness of price equilibria (relativen® benchmark with standard
consumers) for dierent weights in the two dimensions of loss aversion. It aasden that
for any positive degree of loss aversion* 1), markets are anti-competitive if weights
are identical on the price and match-value dimension. Ifdégree of loss aversion is
increased, a relatively higher weight on the price dimemssorequired to balance the

23This critical ratio can be derived by setting the symmetgaiorium price with gairloss utility and
flexible weights equal to the one with intrinsic utility onlyn the latter case the symmetric equilibrium
price is given byp; = ¢ +t, the standard Hotelling result. In the former case it isespnted by (22).
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anti- and the pro-competitivefect. The figure reveals that even when gains and losses
are weighted equallyl(= 1; so that the utility function features reference dependdiut

not loss aversion), markets become anti- (resp. pro-) ctitivedf reference-dependent
consumers, for a certain product category, put a relatiigiier (resp. lower) weight on
the match-value dimension than on the price dimension.

Remark 2. The rang€/(«p, @m)} such that loss aversion is pro-competitive shrinks as the
degree of loss aversion increases.

3.5 Heterogeneous loss-averse consumers

In this subsection, we allow for fierent types of loss-averse consumers. In particular,
we assume that some consumers are loss-averse in the prieesion only, whereas the
others are loss-averse in the match-value dimension ohlyfdrmer is of masg,, while

the latter is of masg,,. The equilibrium markup is calculated as

2(ym + yp)(1+ At
2ym+vp(L+ DB+ )

M (Ym, ¥p) = (26)

In analogy to the previous subsection, we want to know theatimassey, andy, such
that consumer loss aversion is competitively neutral.

1.0
0.8+ =
0.6- pro-competitive 7
Yp i e

04l P i

0.2

anti-competitive

L L L L L L L L L ’y m

00 Il Il Il Il Il Il Il Il Il
0.0 0.2 0.4 0.6 0.8 1.C

Figure 4: Pro- and anti-competitivéfects of loss aversion: Population mix

This critical relationship is given by

Yo(ym ) = ﬁ Vi (27)
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which is a ratio of weighty, andy, for given 1. The major diference to the case with
varying weights on the two dimensions of loss aversion is ith@easing the degree of
loss aversion makes markets more competitive. This meahxt)/(1+1)? is decreasing
in A. This reflects the fact that in a mixed population(§p, ym < 1) the pro-competitive
effect of an increase of the degree loss aversion fromyghgroup dominates the corre-
sponding anti-competitivefiect from they,, group. Our findings are illustrated in Figure
4,

3.6 Comparison to a model in which price information is not awail-
able ex ante

In this subsection, we discuss the outcome of the modifiedetnadwvhich consumers
do not observe prices before forming their reference poirdgs—firms set prices after
consumers form their stochastic reference point. This miedke limit case of Heidhues
and Koszegi (2008), when the cost uncertainty has vanisBé&uce consumers do not
observe prices when forming their reference point, demietifrom the equilibrium do
not dfect the consumers’ reference-point distribution. To sifpphe analysis, we set the
share of standard consumers equal to zere 0.

Consider the model in which consumers do not observe prittieedtme they form their
reference-point distribution. If consumers are loss-swemly in the price dimension,
there is a continuum of equilibria: Any price in the interj@k t/(1 + 1), c+t/2] for all

A > 1. The unique equilibrium price in the setting in which pe@ae observed ex ante
lies within this intervaf* We note that a market with reference-dependent consuneers fe
tures a more competitive price under both informationaliaggions than a market with
standard consumers. Also note that, fot 1, the equilibrium under both informational
assumption is the same apt= c + t/2.

If consumers are loss-averse only in the match-value dimenthere is a unique equi-
librium p* = ¢+ t(4 + 1).2° This price is the same that prevails if consumers learn grice
before the reference point is formed and thus the timing @fitice setting is immaterial
to the outcome. The reason is that a local price deviatiorohhsa second-orderfiect

24To derive this result, the reference-point distributiorthe price dimension has to be adjusted to the
simpler form ofF(p*) = 1 and zero fop < p*. This leads to a kinked demand curve and a continuum of
equilibria.

25This price can be derived by adjusting the reference-pdgtitidution in the taste dimension @(s) =
2s—i.e., all consumers expect to buy from their closest firmestpThis yields a smooth demand function
and a single equilibrium price.
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that is induced by consumer loss aversion; the price eigstitdemand remains locally
undfected so that we obtain the same solution to the system cbfidstr conditions of
profit maximization.

If consumers are loss-averse in both dimensions, any priteiinterval §+t, c+(t/2)(1+
1)] constitutes an equilibrium. The unique equilibriumgerin the setting in which prices
are observed ex ante lies within this interval.

More generally, whenever there is a positive weight on the-tgess utility in the price
dimension ¢, > 0), there is a continuum of prices that can be supported insstmic
equilibrium. We summarize our observations in the follogwemark.

Remark 3. If consumers form reference points before observing ptivere is a con-
tinuum of equilibria, whenever the weight on the gain-losktyiin the price dimension
is strictly positive. The equilibrium price set containg thnique equilibrium price that
prevails if consumers observe price ex ante.

4 n-Firm Oligopoly and Comparative Statics in the Num-
ber of Firms

In this section, we analyze amfirm oligopoly. Suppose that the length of the circle is
L = n (while the consumer mass is equal to 1); this implies thattipglibrium markup

in the model with standard consumers (as in Salop (1979)hdependent of the number
of firms. Hence, any change in the equilibrium markup is dusottsumer loss aversion.
Furthermore, note that, under the alternative timing tlbasamers form reference point
before observing prices, the set of symmetric equilibriumegs is independent of the
number of firms. Thus, any comparative statics results imtimaber of firms are due
to the fact that price changes are observed initially ands,tifect the reference-point
distribution.

4.1 Market demand in oligopoly

For the sake of exposition, in Subsections 4.1 and 4.2, weactaize market demand
and establish equilibrium existence only in the specia¢ @d#, = 1 andap, = 1. Firm
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i’s demand can be expressed®y

4 3n+2) 2Ap

xmnﬁﬁ{u—nm+m+mma)_mmeﬁ_gmm’ (28)

where

(29)

Ap?(A1 =12 - (2 -1)(A(Bn+ 2) + n(2n + 5) — 2)tAp + (1 + 1)?n?t2
S(Ap) = 5
(1-17(2n+ n?)°t?

for A > 1 andAp > 0 and stficiently small.

We observe that, at symmetric prices, demand is kinked for2. This means that de-
mand in oligopoly with more than two firms behaves qualigndifferently than duopoly
demand because setting a slightly lower price than the cbtopé&ads to a dferent
marginal éfect in absolute value than setting a slightly higher pridadire is more than
one competitor. The kinked demand is illustrated in Figufersn = 100 (given that the
competitors’ prices are fixed at the duopoly equilibriuncpnp*(2)).2” Figure 9 in Ap-
pendix C illustrates the demand of standard and loss-agersgumers in a market with
more than two firms.

4.2 Existence of maximal equilibrium

Due to kinked demand, there is a continuum of equilibrianfer2. Suppose that firms co-
ordinate on the symmetric equilibrium that maximizes irtduprofits?® Note that there
is also a continuum of equilibria under the alternative tighproposed by Heidhues and
Koszegi (2008). However, since consumers do not obsereegtinder this alternative
timing, firms do not only have to solve the coordination pesblin their setting but must
also believe that consumers are convinced that they willadols this subsection, we
establish equilibrium existence for thisaximal equilibrium

Establishing equilibrium existence imfirm oligopoly is rather involved, since there
might arise profitable non-local deviations by stealingstoners in distant sub-markets.

fGCompare the general representation of the ffedént loss-averse consumer in (R(Ap, p’) =
205" (Ap, p) = (i = 1)/n.

2’For Ap < 0, firmi’s demand (resp. location of the irfiiirent loss-averse consumer) can be derived
analogously to Lemma 1 considering the indirect utilitydtions for a pricéncreaseof firmi. Forn = 2,
firm i deviating from symmetric pricep( p) by a price increase tp’ is equivalent to firm-i deviating from
symmetric pricesyf, p’) by a price decrease f@ Therefore demand is symmetric aroutad = 0O in this
case and no kink arises.

28Cf. literature on cheap—talk games.
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Figure 5: Locations of indierent, loss-averse consumens=2, 100)

Although, for largen, conditions for maximal equilibrium existence carry overh the
duopoly case, stricter conditions are required in marketis & small number of firms.
The next proposition reports these conditions, which are/elé in detail in Appendix
B.2. The maximal equilibrium markup, denoted fo§(n), is determined in the next sub-
section.

Proposition 4. A symmetric maximal equilibrium with n firms and pricegnp = m*(n)+
c=((1+ )nt)/(1 - 1+ 2n) + c, exists
1. YAl e (1,29 with 2° =1+ 2V2 ~ 3.828ifn =2 0orn > 6,

2. VA€ (1,29 with 1°° = 1/4(1+ V57) ~ 2.137if n € {3,4,5).

4.3 The intensity of competition and the number of firms

In this subsection, we will show that the maximal equililnionarkup positively depends
on the number of firms, whereas in the model with standardwuass it does not. The
intuition for this non-neutrality result is straightforvea In the duopoly model, con-
sumers expect that they are likely to bfeated by a price deviation and thus adjust
their reference-point distribution accordingly, whileyen a larger number of firms, the
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Figure 6: Markups with loss aversion in price dimension only

reference-point distribution reacts less sensitive tofones deviation from the maximal
equilibrium strategy.

Before turning to some special cases, we analyze the gerasel,,, > 0 anda, > O.
Analogously to Lemma 2, we can derive fifig symmetric maximal equilibrium markup
for loss-averse consumerg & 0). Using firmi’s demand function in (28) and that
%(0) = 1/nyields

1+ ap)nt

m*(n = .
(nlam. @p) ap(d—1+n)+n

(30)

We now turn to some special cases. First, consider the casedhsumers are loss-averse
only in the price dimension—i.exm = 0, @, = 1. The maximal equilibrium markup is

nt

m;(n) = m

(31)
This is illustrated in Figure 6, where the upper line constis the maximal equilibrium
markup.

We find that the maximal equilibrium markup is increasingha humber of firms. This
confirms the general insight that, given a larger number widjithe reference-point dis-
tribution reacts less sensitive to individual price dewias. The intuition for this result
is that a price change in a market with few firms is moffeaive in changing the con-
sumers’ reference-point distribution. For a small vaoatf the model in which the circle
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becomes more crowded if the number of firm increases, by maityj this implies that
consumers may be betteffan a market with a small number of firms if they are loss
averse, whereas the opposite may hold if they do not haveerefe-dependent utilities.

Forn — oo, the markup converges toj(c0) = t/2—this is the upper bound on prices
in the duopoly setting in which consumers form their refesepoint distribution before
observing prices.

We note that the equilibrium set of prices would not Ifi@eted by the number of firms
if consumers did not observe prices ex ante. However, in eiting, the equilibrium set
expands as the number of firms increases. This is illustiatEdyure 6, where the grey
area contains the set of prices that can be supported in syrm@guilibrium.

Second, consider the case that consumers are loss-avésth idimensions—i.eaqn, =
1, @y = 1. The maximal equilibrium markup is

(A + 1)nt

MO =G

(32)
which is illustrated in Figure 7—the upper line shows the mmat equilibrium markup.
Again, we find that the maximal equilibrium price is increggsin the number of firms
because the reference price distribution reacts lesstsent a price change after an
increase of the number of firms. Consequently, the marketrbes less competitive. For
n — oo, this markup converges to = (1 + 1)t/2—this is the upper bound on prices
in the duopoly setting in which consumers form their refeeepoint distribution before
observing prices.

Third, consider the case that consumers are loss-avergsdhé match-value dimension—
l.e.,am = 1, @y, = 0. The maximal equilibrium markup is},(n) = (4 + 1)t and is inde-
pendent oh.

We summarize our findings as follows:

Proposition 5. In the Salop model with I= n and standard consumers, the number of
firms does not gect competition. By contrast, with loss-averse consuniersgrtaximal
equilibrium price is increasing in the number of firms. ForA o andap > O, the
maximal equilibrium price f{e) = lim,_., p*(n) is the upper bound of the equilibrium
set that results in the model in which consumers do not obgaiee before forming their
reference-point distribution.
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Figure 7: Markups with loss aversion in both dimensions

We also find that treating as a continuous variable, asturns to infinity, the corre-
spondence of symmetric equilibria converges to the setmhsgtric equilibria under the
alternative timing (which is invariant in).

4.4 Discussion: Targeted vs. Non-targeted Advertising

The comparison of markets with afiirent number of firms and an adjusted circumfer-
ence of the circle may appear artifictdlLet us compare the duopoly market to a market
with n > 2 firms (-firm oligopoly). The latter captures a situation in whichafirms
belong to the consideration set of consumers because, akthete stage, they do not
know their location. We may think of all firms advertising #adstence of their products
and their prices tall consumers—i.e., firms engage in non-targeted advertising.

By contrast, if each firm can identify whether a consumersdated somewhere between
the firm’s location and the location of an adjacent firm, it reagage in targeted advertis-
ing by informing only those consumers in its neighborhoodutlexistence and pric¥.
Effectively, the consideration set of consumer [i, i + 1] is{i, i + 1} at the ex-ante stage.
Thus, then- firm oligopoly model with such targeted advertising is aute-equivalent
to the duopoly model in the paper. In particular, using symnynéhe re-scaled first-order

29This is, however, in the spirit of non-address models of irfgaet competition of the Dixit-Stiglitz-type,
where an additional variant may ndtect the pricing of firms.

30E.g. consider advertisement emails by Amazon with book esiggns.
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condition of profit maximization in the-firm model with targeted advertising is the same
as the one of the duopoly model. Therefore, equilibriumgsiare the same. This implies
that our comparative statics results with respect to thebaurof firms (going from 2 tm
firms) can be interpreted as resulting from a switch frometad to non-targeted adver-
tising in n-firm oligopoly. If firms coordinate on the equilibrium thataximizes industry
profits, they are betterfbfrom jointly agreeing not to use targeted advertising sithie
intensifies competition.

5 Conclusion

This paper has explored the impact of consumer loss aversiorarket outcomes in sym-
metric imperfectly competitive markets. We did so in a HiotglSalop setting, which is

a standard workhorse in the modern industrial organizdtterature. Consumer loss
aversion only makes aftierence compared to a market in which consumers lack this be-
havioral bias if they are uncertain about product charesties or associated match value
at an initial stage at which they form their reference-pdistribution. Since price infor-
mation is readily available, firms can use price to managedfezence-point distribution

of consumers in the price and match-value dimensions.

Our paper provides a nuanced view on the competitikerts of consumer loss aversion
in differentiated product markets. Loss aversion, and more gbnergain-loss utility,
in the price dimension leads to more competitive outcomeédgewhe reverse holds in the
match-value dimension. It is the interplay between this jrad anti-competitive féect
that determines whether the market is more or less competiimpared to the standard
Hotelling-Salop world. Empirical work may want to uncovietrelative strength of those
two effects.

Consumers learn posted prices before they form their ne¢er@oints, whereas in Hei-
dhues and Koszegi (2008) consumers form their referenaegbéfore knowing posted
prices. This means that in our model a price change is obdeme, thus, changes the
consumers’ reference-point distribution. The sensitiait the reference-point distribu-
tion to price changes is particularly pronounced in duop@¥ show that, focussing on
the maximal price that can be supported in symmetric eqtilib, increasing the number
of firms in a way that does noffact equilibrium prices in the standard model makes the
market less competitive. In the limit, prices converge te tipper bound of the equi-
librium set for the model under the alternative timing—iwhen consumers form their
reference-point distribution before observing prices.
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Appendix

A Relegated Proofs

A.1 Relegated proofs of Section 2

Proof of Lemma 1 \We rewrite the indirect utility functions for the indierent consumer
to the right of firmi and solve for her location (personal equilibrium).

Since the price dierences in the sub-market between firm 1 and firmi and in the
one between firm and firmi + 1 are the same i.e., the tastdéfeiences which the two
indifferent consumers of firirface are the same, i.élf—(i -1)=( —1)—):9_- We therefore
can simplifyX* — % in F(p) to 2(%* — (i — 1)) or, equivalently, to 2; ;. Furthermore,
using thatp; = p’ for all j # i, we obtain that

22j-1

if pelp,p
Fp={ " pelpp)
1 ifp>p.

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

i — 1). This distance is equal to-1z_;. The next larger critical taste distance is the one
in sub-markets with symmetric prices. Itis equal @ 1Finally, only the consumers that
will be attracted by firm ex post face up to the maximum critical taste distance wlsch i
2j-1. Hence G(s) can be rewritten as

2s if se [0, 1- ZZj—l]
G(s) =125t +a, if se (-2, 3]
2st +a,  if se (3, 2],

1-27j 1
n

wherea; = anda, = (1 - %) Using the properties of the reference-point
distributions, we rewrite the indirect utility function$ consumers buying from firmor

i+1,

21y, , o\ andl
. )(p p')+—4n

275
(' - p)

Wk, p) =v-tzii-p+ap(l- (823_1 — 42+ N2 + 2+ n)

Ua (X, ) =v—t(l—2zi1) — P —apd
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+ Cz_nr;t (n ((222i—1 — 1) - 4A(za 1 - 1)2) +2(22-1 - 1)2)'

Next, we determine the location of the ifigirent loss-averse consumer by setting:
ui.1. Rearranging leads to the following quadratic equationin,

dam(d—1)N+ 2t -2y + (8ap(/l —1)AP-4(2n + a2 - 1) + (31 — 1)n))t) 21
+(4(1 £ apNAP + 2am(d - Lt + (4 + am(51 - 1))nt) =0
Solving this quadratic equation w.rz;_; and addingi(— 1) leads t()f(,-*(Ap), the expres-

sion given in the lemma. The second solution to the quadeati@ation can be ruled out
because does not lie in the interval 211]. |

A.2 Relegated material of Section 3
Properties of firm i's demand in duopoly:

Consider the slope of the demand of firm 1.

q = 0u(ApB) _ (AP B) _  0%(ARB) _ _9G(Ap;B)

o AP op1 OAp op2
= B-%(Ap) + (1-p)- X(Ap)
! (1-8) (AP (1+2)
BT R TEYS) (5 I 1))

S]

One can show that; > 0 VAp feasible and/s. At the boundaries we have

1 1+ 2)
-+ (1—5)2tu_ 1

o forpg<1l sinceS(A_p) =0.

>0

a:.(0;8)

|' 4 A
Aim_0n(A: B)

Consider the curvature of the demand of firm 1.

B+)(B+3) .
64t - (S(Ap))®

qGAapp) = 1-B)-%@Ap=01-p)- 0

gy >0 VApfeasible and/s < 1 sinceS(Ap) > 0. At the boundaries we have

B+D)B+3N)

2. (A+1)3
32 (17

9/ (0:8) = (1-8)-
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lim q/(Ap;B) = o forpg<1

ApTAp

It can be also shown that (Ap; 8, 1) is increasing iMp andA.

Equilibrium existence in duopoly with constant weights eqal to one:

Proof of Proposition 1.In this proof we rule out non-local deviations from symmetri
price equilibrium in the duopoly case i.e., when firms onlynpzte in their neighboring
sub-markets. Let firm be the deviating firm. It has been shown that firsprofit is
concave if the price dierenceAp is suficiently small — i.e., Ap is negative or not too
positive. Therefore, non-local price increases are nexaditgble. Since the “convexity”
of firm i’s profitincreases in\p, firm i’s most profitable price deviation is a price reduction
stealing the entire demand of loss-averse consufers.

We next derive the critical upper bound of the degree of lesssion for which stealing
the entire demand of loss-averse consumers is not profitablsteal the entire market,
firm i sets a deviation pricp! = p* — Ap™* Forg = 0, the firmi’s deviation profit,
can be expressed as follows,

al=(pl-c)-1=(p -c)-Ap™™ (33)

Firm i’s profit in symmetric equilibrium is equal to

(p*-©)
2

m = (p —¢)-a(0)= (34)
Thus, a deviation from symmetric equilibrium is not profieall and only if

77 (2) > 7(2)

o APT(1) > % by (33) and (34)
(1+ 3t t

= > — by (10) and (13)
20+1)  2- %

& (A+37>2(+ 1y

o AS1+2V2

31The intuition behind this result is that for ficiently large price dferences loss-averse consumers
excessively avoid to buy the more expensive product. Furtbee, this avoidance is the larger the higher
the degree of loss aversion. This holds true because thexiyef firmi's demand increases in the degree
of loss aversion i.eqq’/dA > 0.
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Sincea > 1, we receive the unique solutians A¢ = 1+ 22, ]

Proof of Proposition 2.For g > 0, firm i’'s demand from setting the uniquely optimal
deviation pricep? extends tay(Ap™) = (1 - B) + B(1/2 + Ap™@/(2t)).3? Therefore, her
deviation profit becomes,

1 Apmax(/l)))’

B = (P (L5 -9 - AP (L -5 + G + =

(35)

where p*(4,p) is given by (13) and\p™*{(1) by (10). Moreover, firmi’s profit in sym-
metric equilibrium is equal ta; (1, 8) = (p*(4,8) — ¢)/2. This yields the following non-
deviation condition im > 1 andB € [0, 1),

7t (4, 8) > n(A, B)

Apmax(ﬂ) Ap"‘ax(ﬂ)

~1)) >

1+p(————

o Apmax@)(1+ A ) D(JT/J’)—C(

_ 1))

Solving forg®" as a function oft such thatr;(1,5) > #%(a,B) for g > p*, leads to the
following result:

1. forae (L, 1+2V2]

7 (A, B8) > n¥(a,B) for all 8 > 0,

2. forae (1+2v2 1), (i.e. Ap™ = Ap)

-A(51 + 14)+ V(B2 +5)(1(111(1 + 5) + 113)+ 77)- 13

crit =1
Fo" () 2(1 - 1)(A + 3) - (39)
3. fora> 2, (i.e. Ap™* = Ap)
- 3703 2122 + 17702 - 542 + 2470 - 21 - Q + 83
) =1~ - - @)

2(1223 - 7TA%? + 4642 — 102 + 81 + 17T — 66)

with Q = (415-2I'15+15961°-9181#+198481*-931G 1°+913843-31228" 1%+
1972681% — 42618°1 + 201868l — 20364" + 78880}/2 andI’ = V312 + 141 + 15.

. : NIV,
For 1 — oo it holds thajgg™ (1) — 1 - 2L VE2E + 0577,

32Sinceq; is a convex combination ot andx;, pid = p* — Ap™**remains the uniquely optimal deviation
for 8 < 1. Cf. the proof of Proposition 1.
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B Equilibrium Existence

B.1 Equilibrium Existence in Duopoly with Varying Weights

Proposition 6 (Existence in duopoly with varying weightspuppose that there are two
firms in the market and all consumers are loss avegse Q) with varying weights on the
two dimensions of loss aversioh% a,, ayn > 0). A symmetric equilibrium with prices

t

1— 1 (2amA—ap(a+1))
2 (amA+1)

pr=c+

foralli € {1, 2} exists if and only il < A < A%(a@p, am) With

V2(1+ am)(L + ap)

A(ap, am) =1+ )
(@p: @) Vam@ + amap(L + ap)

(38)

Moreover,A%(ap, am) > A%(1,1) = 1°= 1+ 2V2.

Proof of Proposition 6.Analogously to the proof of Proposition 1, a deviation fropms
metric equilibrium is not profitable if and only if

7 (4, avp, am) > 7 (4, @p, am)

& AP, ap, ) = by (33) and (34)

2
(2+ am + apdt t
2+ 201 2 (2amA—ap(1+1))
P 2- (@1
o 1514 V2(1+ am)(L + ap) |
T VT amap(T+ ap)

The unique positive solution equal< A%(ap, am) = 1+( \/5(1+am)(1+ap))/ Vam(d + am)ap(1 + ayp).
O

B.2 Maximal Equilibrium Existence in n-Firm Oligopoly

In n-firm oligopoly there might arise profitable non-local deioas by stealing consumers
in distant sub-markets. We next establish existence of sstmermaximal equilibria in
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this setup®® Although conditions for existence carry over from the dugpzase forn
suficiently large, there might arise additional existence [@ois in markets with a small
number of firms when consumers are loss averse up to the latatdnstitutes the upper
bound of the duopoly casaq{~ 3.828). As mentioned before, in contrast to Heidhues and
Koszegi (2008), in our setup consumers observe prices exaaat adjust their reference-
point distributions to price deviations.

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

0). Divide the circle of lengthh. = ninto 2n sub-markets of length/2. Thus, there are
n sub-markets on each half of a circle and 2 between each pa&igiboring firms. In a
symmetric maximal equilibrium , a firm locatedyatserves all consumers on the left and
the right neighboring sub-market—i.e., all consumevsithin [y; — 1/2;y; + 1/2].34

Due to symmetry, it slices to consider deviations on one half of the circle only and t
locate the deviating firm at; = 0. This firm E&firm 1) is supposed to deviate from the
symmetric maximal equilibrium by lowering its price. If itteacts consumers up to the
mth sub-market (on the first half of the circle), firm 1's (rigjimdifferent consumer is
located atk! e [52, 7] with 2 < m < n. Its total demand equalskg/n due to the
uniform distribution ofx. Loss-averse consumers who expgcto be located in thenth
sub-market for given prices, form the following referenmmant distribution with respect

to the match-value dimension,

e for evenm:
An-m-2)s se(0.1- (4 - %9l
Gm(sn) ={ 2(n- (m-1))s+ak,mn), se(l-(X - T2),1];
25+ b(kXt, m ), se (3,x1

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

33Note that symmetric maximal equilibria are the symmetrigikdgyia, for which deviations by a price
decreasare most profitable. Moreover, deviations from symmetrigildeyium candidates by a price-
creaseare never optimal due to demand concavity in this price ramges, maximal equilibrium candidates
are the most critical for symmetric equilibrium existence.

34Since the set of consumers is restricted to mass one snahiformly distributed on [0r], the demand
of firmion|[y; —1/2;y; + 1/2] is equal to In.
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e for oddm:
Z(n— (m-1))s, ) se[(zjq_u];
Gu(sn) =3 2(n—(m-2))s+a(X;,mn), se(x -2 1;
Zs+b(x;, mn), se (X1

It can be easily seen that both distributions coincideXforeaching the boundaries be-
tween two neighboring sub-markets: e.g., ig)r: 1 Gy(gn) = Gz(gn) and fori{ =3/2
G3(9n) = G4(gn) and so on. Fon = m = 2, we are back in the duopoly case.

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

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

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

35For this updating behavior the observability of prices igctal. In contrast to this, consumers in
Heidhues and Koszegi (2008) cannot adjust their refereoire fo price deviations because prices become
observable only after forming their reference point.
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givenm, the reference-point distribution puts more mass on srasietdiferences if the
number of firma increases. Here, the chance of beifigeted by a price cut of a single
firm simply washes out if the total number of firms increasetheout bound.

The probability of buying from the deviating firm Zgrobability of facing purchase
price py) is fq in the duopoly and generalizes téan in the n-firm case. The intuition
for this mirrors the one just given above: If the number of frrmses, consumers are
less likely to be ffected by a price cut of a single firm. Using the generalizeeresifce-
point distribution in both dimensions, we can derive a galwed demand function for
symmetric markets with firms. Consider, for instance, the indirect utility funetgof

a consumeix who has learned to be located in sub-mankefwith m even) which is
the sub-market consumers ex ante expected théféneint loss-averse consumer to be
located in%® given prices p, < p*). Moreover, suppose this consumer is the fimtent
loss-averse consumer on this side of the cirgle; fq € [(m-1)/2;m/2]. Then, her
indirect utility if buying from the deviating firm 1 can be exgssed as follow?/

A
A

A+ 5 ¢ A+ ZXI *
U (X7, P1, P*, ..., P°) =V —1tX] — pr+ 1—7 (p" - p1)

(m-2)

_ /lt( fo T s)%(n —(m-2))ds

1/2 ~ 2 K 2
+f ()?I—s)—(n—(m—l))ds+f (fq—s)—ds)
1 ( n 1/2 n

-2

=v—tX — py+ ( - ﬁ) _A (-8(%)? + 4m+ M} - (M- 1)m+n)).
n 4an

It can be seen that the irftBrent loss-averse consumer faces only a gain in the price

dimension (last term in the first line) when purchasing thedpct of the deviating firm.

In the taste dimension she faces the maximum loss (secortthiathéine). If buying from

firm i + m/2 instead, her indirect utility equals

S+ * * S+ m-2 * 2§+ *
Ursm2(X3, P1s P°s -, P7) =V —t(1— (X] - ( > ))) -p - J(Tl)(p - p1)

(m-2)

—ztfl_(*{_ - (mz_z))—s)%(n—(m—Z))ds
0

36We use this latter condition here, since, as we show latenrtApping from\p = p* — p; € R into
me [2,3,...,n—1,n]is not a function but a correspondence—i.e., for givengdifferenceAp, there may
exist several personal equilibrfq within different sub-markets.

3’Compare the indirect utility function fan = 2 in the proof of Lemma 1 and consult Section 2 for a
detailed exposition of the utility function with referendependence.
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+¢(ﬁ”z (5= -Gt - T2 20 - (- 1yas

-2 2

& 3
P S i i)
1/2 2

_ 2%
02y - a2 o~ po

MZds)

=v—t(1- (X - .

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

+(1- (- )h)m—2n—- Lym+ n),

with n= ((n— m) + 2). Here, the indferent loss-averse consumer only faces a loss in the
price dimension but losses and gains in the taste dimed$iBy.settingu; = Uy,my2, We

can solve the consumers’ personal equilibrium and deterﬁjifor givenn and given that

ex ante consumers expe?;te [(m-1)/2; m/2] for given prices’® Firm 1’s demand from
loss-averse consumers in even sub-mamkef; (Apim, n, 8 = 0), is then characterized by
2§I/n. Firm 1's demand for odd sub-marketscan be derived analogously.

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

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

>“q = j + 1/2 coincide. This means that firm 1's demand has a discontsjioup of
size /2 - 2/n = 1/n at this price diference. It can be shown, however, that despite this
feature non-local deviation are never profitable in theddath Salop model. To check this
in a world with loss-averse consumers, we next derive thétlen price diferences for

>“q =1,3/2,...,(n—1)/2,n/2. For a deviation covering an even number of sub-markets
(resp. an odd number of sub-markets= m- 1), replacefq iN U — Ugymp2 = 0 bym/2

38Cf. the proof of Lemma 1 whena = 2.
390 = uy - Up4my2 is equivalent to

0 =((n —m)+ 4)(a St (]2 - ( (A= 1M+ 1+ 3)n— (A — 1)m=3)m)t — 2(1 - 1)Ap) &
+ %(SnAp +0t((4 - P + A+ 4m— 1) - (1 - Dm((m - 3m+ 1)t).
We do not present the functional form ﬁI(Ap|m, n) here for two reasons. First of all, it is lengthy and
tedious to derive, as; — Ui.m2 = 0 describes a quadratic equationfdp Secondly, since we are mainly

interested in deviations to the boundaries of a sub-markete can fiqu at (m-1/2) orm/2 and solve
for the corresponding priceftierenceAp.
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(resp. (n— 1)/2) and solve for\p.

(2(4 +1)m=- (1 - 1))n +(1-1){m-1)m

Ap®®Tm, n) = 20— Dm 8n t, mevenandc > m2> 2,
(2(1 +)Nn- (A - 1) - 1))(m _1)
odd _
Ap°?Y(nY, n) = 2= Dm + 8n t, m odd andh > m’ > 3.

It can be shown that both deviation pricéfdrences are increasingmmandn. The first
implication of this is very intuitive: For a given number ofrfisn, attracting consumers
on more sub-market® requires a larger price fierence—i.e., a larger price cut by the
deviating firm. Secondly and more interestingly, if the nembf firmsn increases, a
larger price cut is necessary to steal a given number of saketsm. The intuition for
this is that, for a larger number of firms, consumers expebettess often féected by a
certain price cut of a single firm and, therefore, expectrtbguilibrium taste dference
to be low. This increases the loss in the taste dimensiormfise consumers who ex post
happen to buy from the more distant deviating firm, and thikesat more dificult for
the deviating firm to steal a large share of the market. Cendat example two markets
withn = 3and 5, § = 3,t = 1): Ap*¥®N2,3) = 19/20 < Ap*N2,5) = 33/28 <
Ap®VeN4,5) = 7/4. Similarly, Ap®@94(3, 3) = 5/6 < Ap°9Y(3,5) = 9/8 < Ap°¥Y(5, 5) = 8/5.

It can also be seen here that the pricBalence necessary to steal the entire backyard
sub-market of a competitor is lower than the one necessastetd consumers up to the
location of this competitor—i.e Ap°®d(m + 1,n) < Ap®®(m,n). This demonstrates a
violation of thelaw of demandvhich is caused by the fact that consumer’s indirect utility
functions if buying the cheap or the most-liked product aeerdasing in consumer’s
locationx on odd sub-markets. Hence, to describe a personal equi‘rinbﬁ{ must be
decreasing iM\p on odd sub-markets. This makes deviations under which thiatiley
firm steals an odd number of sub-markets particularly ptagtaas will be shown in
the next paragraph. In the example, the demand of the degiftm is given bym/2 -
2/n = m/n and the corresponding markup in symmetric maximal equuiibrequals
m*(3) = 3/2 andm*(5) = 5/3. This illustrates that the deviation pricefdrence might
become larger than the maximal equilibrium markup if the bamof firmsn and the
number of deviationes become sfiiciently large: In the example we find*(5) = 5/3 <
Ape¥¥N4,5) = 7/4. Therefore, those kind of deviations generate lossesh#deviating
firm and are, therefore, never optimal.

We next evaluate whether there exist profitable deviatioos the symmetric maximal
equilibrium withn > 2 firms andi < A° = 1+ 22 ~ 3.828 (compare Prop. 1). The
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Table 2: Deviation profits withm firms

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

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

O~NO OB~ WNS

maximal equilibrium profitz*(n), can be expressed by

ey 1 A+t
() =mm)-g = (A1-1+2n)
with maximal equilibrium markupm¢(n), derived in Section 4° The deviation profits

for even and odd deviations are equal to

#m ) :(m*(n) AP n)) ' ?

2%y 1) :(m*(n) — AP, n)) - %
Deviation profits change monotonouslyiandm: 7°9(m, n) andz®'*{m, n) are monotonously
decreasing im andm. This is shown in Table 2, where we restrict attentionite A°,
the highest level of loss aversion at which a symmetric makiequilibrium exists for
n = 2.4 The table illustrates that deviating becomes less profitiifthe number of firms
nin the market increas&sand that within the class of odd (resp. even) deviationdistpa
a small number of sub-marketsis preferable to stealing a larger number of sub-markets.
Moreover, it is depicted that for a given number of firmstealing an odd number of
sub-markets’ = m+ 1 is more profitable than stealing an even number of sub-rterke
m. Thus, the deviation profit is highest in a three-firm oliglgpshen the deviating firm

40Cf. equation (32).

4IFor smaller levels of loss aversidn> 1 deviating is less profitable, but the monotonicityiiandmis
preserved.

42This also implies that non-local deviations in the home ratifik = 2), as considered in the duopoly
case, are less profitablerifraises.



CoNSUMER Loss AVERSION AND COMPETITION IN DIFFERENTIATED PrRoDUCT M ARKETS 42

Table 3: Extra profit from deviating

The table shows the variation of?¢%(m, n) — 7*(n))/t and @' (m, n) —
7*(n))/tin nandmfor A = A° = 1+ 2V2 (andg = 0).

m 2 3 4 5 6 7 8
0
-0.0793 0.2891
-0.1059 0.1418 -0.0765
-0.1139 0.0610 -0.2320 -0.0258
-0.1145 0.0131 -0.3160 -0.1839 -0.4932
-0.1118 -0.0165 -0.3619 -0.2809 -0.6476 -0.5253
-0.1078 -0.0354 -0.3860 -0.3415 -0.7426 -0.6715 -1.033

0O ~NO Ol WN|S

steals the entire marken(= 3).*

To identify the deviations that are the most critical fors&nce, the dierence between
deviation and maximal equilibrium profit are presented ibl&8** It can be seen that
there exist profitable deviations from symmetric maximaliggrium for A = A1°. How-
ever, only deviations stealing = 3 sub-markets are profitable if the number of firms is
not too large—i.e.n € {3,4, 5, 6}. More generally, this can be shown by solving for the
critical number of firms°d4(m, A) in 7°9%m, n) — 7*(n) = 0.4°

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

n°4d(m, 1) = (1 - 1) 4(2 + 1)(m - 2)

Deviating is profitable for given, m, andn if n < n°d(m, 1) andm < n. Moreover,
n°dd(m, 1) is strictly decreasing imfor n°@(m, 1) > mand strictly increasing in. There-
fore, m = 3 is the most critical deviation and profitable for< n°d9(3, 1°) ~ 6.3890%6

To rule out deviations from symmetric maximal equilibriuar &ll n > 2, the maximum
degree of loss aversiohhas to be below® = 1 + 22 ~ 3.828.

Before stating the conditions for symmetric maximal edpitim to exist, we return to
the issue of multiple personal equilibria for given pricBsceAp®dd(3, n) < Apee12, n),
consumers facing a priceftitrenceAp = Ap°9(3, n) between the deviating firm and non-
deviating firms could expe&[ to be located either on the second or the third sub-market

43m = 1 can be excluded sinaep®?Y(1, n) coincides withAp*(n) = 0, the symmetric maximal equilib-
rium.

44By constructionz®¥e2, 2) = 7*(2) atd = A° (cf. Prop. 1).
45nodd(m, 1) being the only positive solution.

46A critical n can be derived for even deviations analogously. We skipsteis here since even deviations
are dominated by odd ones in any case.
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(on the first half of the circle). Expecting = 3 rather tharm = 2 givenAp = Ap°94(3, n)

is preferable for the deviating firm because it receivesiattiarger market share but
is not necessarily preferable for consumers. For instarmesumers who do not buy the
lower-priced product will ex post experience a higher losthe price dimension since the
probability of low purchase price increases?(iln“7 Therefore, the deviations considered
above use the most conservative personal equilibrium alngedéne strictest conditions
for a maximal equilibrium to exist.

Lemma 3. A symmetric maximal equilibrium with n firms and pricegnp= m*(n)+c =
(1 + )nt)/(A = 1+ 2n) + ¢, exists if > n°99(3, 1) with A > 1.

The derivation 0i®(m, 1) and the relevance af*9d(3, 1) is provided in the text. We
finally provide a proof of Proposition 4.

Proof of Proposition 4. #9(3, 1°) ~ 6.3890. Thusn = 2 orn > 6 sufice for existence
at 1 = 1% Maximal equilibrium existence holds for £ 1 < A° sincen®(3, ) is
increasing im. Existence fon < {3, 4, 5, 6} follows from the same property®?4(3, 1) =
3ford=a%°=1/4(1+ V57) ~ 2.137. O

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

C Figures

The two figures show that a decrease in the weight on the pnoersion of loss aversion,
@p, has the same qualitativéfect on the dierence between the demand of loss-averse
consumers and standard consumers as an increase in therrafrfibms n. This carries
over to markups. In both cases markups incréése.

47Cf. the concept of (consumer’s) preferred personal eqiilib of Koszegi and Rabin (2006) and
Koszegi and Rabin (2007).

48The former case is shown in Prop. 1.
49Compare the markup formula in (22) fap = 0.5 and (31) fon = 8.
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Figure 9: Demand of standard and loss-averse consumers8)
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