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Abstract

Consider a differentiated product market in which all consumers are fully informed

about match value and price at the time they make their purchasing decision. Ini-

tially, loss-averse consumers become informed about the prices of all products in

the market but do not know their match value. We show that lossaversion in the

match-value dimension leads to a less competitive outcome,while loss aversion in

the price dimension leads to a more competitive equilibriumthan a market in which

consumers are not subject to reference dependence. Depending on the weights con-

sumers attach to the price and the match-value dimension, a market with loss-averse

consumers may be more or less competitive than a market with consumers who do

not have reference-dependent utilities. We also show that consumer loss aversion

tends to lead to higher prices if the market accommodates a larger number of firms.
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1 Introduction

In this paper, we introduce loss-averse consumers into a differentiated product market

and investigate the competitive effects of consumer loss aversion and, more generally,

reference-dependent utilities.1 Our framework applies to inspection goods: Consumers

learn about available products and prices but have to inspect products before knowing the

match value between product characteristics and consumer taste—consumers often face

such a situation because price information can be easily communicated, whereas match

value is more difficult for a consumer to assess.

Reference dependence and loss aversion in consumer choice is a robust empirical phe-

nomenon that has been documented in a variety of laboratory and field settings starting

with Kahneman and Tversky (1979). Following Koszegi and Rabin (2006), reference

points are expectation-based: A consumer’s reference point is her probabilistic belief

about the relevant consumption outcome held between the time she first begins to contem-

plate the consumption plan and the moment she actually makesthe purchase. Consumers

are loss-averse with respect to prices and match value and have self-fulfilling expectations

about equilibrium outcomes to form their reference point, as in Heidhues and Koszegi

(2008).2

Firms compete in prices for differentiated products. Product differentiation is modeled

as in Salop (1979). In addition to the standard business-stealing effect in oligopoly, price

affects reference-dependent utilities. In particular, holding the reference-point distribution

fixed, a price reduction leads to a gain in the price dimensionfor consumers who buy this

product but to a loss in the price dimension for all consumerswho buy the other product.

This implies that, due to reference dependence, a consumer’s realized net utility depends

not only on the price of the product she buys but also on the price of the product she does

not buy. Furthermore, price can be seen as an expectation-management tool, as it affects

the reference-point distribution in the price and in the match-value dimension.3 Utility

1Loss aversion is defined as reference dependence with a higher weight on comparison losses than on
comparison gains. This means that, like reference-dependent consumers, loss-averse consumers compare
consumption outcomes with a reference point and, moreover,that they dislike comparison losses more than
they like equally large comparison gains.

2For evidence that expectation-basedcounterfactuals can affect the individual’s reaction to outcomes, see
Blinder, Canetti, Lebow, and Rudd (1998), Medvec, Madey, and Gilovich (1995), and Mellers, Schwartz,
and Ritov (1999). The general theory of expectation-based reference points and the notion of personal
equilibrium have been developed by Koszegi and Rabin (2006)and Koszegi and Rabin (2007).

3For empirical evidence on multi-dimensional reference dependence see Crawford and Meng (2009),
Fehr and Goette (2007), and Neumann and Neuman (2007). DellaVigna (2009) provides an excellent
survey of empirical behavioral economics.
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is also affected by the match-value dimension because price changes affect the expected

match quality.

We characterize the duopoly equilibrium and establish conditions for equilibrium exis-

tence and uniqueness. Our model allows for clear-cut comparative statics results.

Our first main result is that, in markets in which consumers’ utility is reference-dependent

and, more specifically, features loss aversion, the competitive effect of such a behavioral

bias depends on the weight of the price dimension relative tothe match-value dimension.

In other words, whether the behavioral bias makes the marketmore or less competitive

depends on how gains and losses in the two dimensions enter consumers’ utility function.

We show that reference dependence with respect to prices leads to lower prices and, thus,

is pro-competitive, whereas reference dependence with respect to match value is anti-

competitive. This holds even if gains and losses enter with the same weights into the

utility function.4

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

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

n-firm oligopoly with localized competition put forward by Salop (1979). We accom-

modate loss-averse consumers in this model. In this context, we obtain our second main

result: Consider a setting in which the number of firms would be neutral to competition if

consumers’ utility functions did not feature loss aversion. If firms coordinate on the sym-

metric equilibrium that maximizes industry profits, an increase in the number of firms

leads to higher prices when consumers are loss-averse. As wediscuss in Section 4, this

finding can be interpreted differently: Firms jointly benefit from limiting the targeting of

advertising.5

This paper contributes to the analysis of consumer loss aversion in imperfectly compet-

itive markets and complements our companion paper, Karle and Peitz (2010), as well as

Heidhues and Koszegi (2008) and Zhou (2008).6 More broadly, it contributes to the analy-

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

5This is a novel contribution to the work on targeted advertising which has focused on the optimality of
targeted advertising—see, e.g., Esteban, Gil, and Hernandez (2001).

6For work in a monopoly context see Heidhues and Koszegi (2005) and Spiegler (2010), and Heidhues
and Koszegi (2010). Heidhues and Koszegi (2005) show that optimal monopoly prices are sticky with re-
spect to costs fluctuations when loss–averse consumers formexpectation–based reference points. In their
setup consumers are loss–averse with respect to prices and reservation utility from purchase and the monop-
olist initially commits to a price distribution following costs realization. Spiegler (2010) reproduces their
main result by using a simpler, sampling-based reference concept. He also finds that loss aversion lowers
expected monopoly prices and that sticky–price equilibriaare more likely to arise when uncertainty stems
from demand shocks rather than from costs shocks. Heidhues and Koszegi (2010) augment their earlier
results by providing a rationale for sticky regular prices and variable sales.
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sis of behavioral biases in market settings, as in DellaVigna and Malmendier (2004), Eliaz

and Spiegler (2006), Gabaix and Laibson (2006), Spiegler (2006), and Grubb (2009).7

Compared to Heidhues and Koszegi (2008), our model has two distinguishing features.

First, firms’ marginal costs are identical and common knowledge. This is in line with a

large part of the industrial organization literature on oligopoly and constitutes a limiting

case of Heidhues and Koszegi (2008). It is approximately satisfied in stationary markets

in which firms are well-informed about the technology of their competitors. Assuming

the same marginal cost amounts to assuming that all firms use the same technology. Sec-

ond and more importantly, we postulate that prices are setbeforeconsumers form their

reference point. This property in particular holds in markets in which prices are easily

observed but in which consumers need time to evaluate the match value—for an elaborate

discussion see Section 1 of our companion paper, Karle and Peitz (2010).8 For instance

consider the purchase of complex or less frequently bought products (like perfumes and

electronic devices), for which consumers have to inspect products more carefully before

learning their match value. We also allow for a population mix between consumers with

and without reference-dependent utilities, whereas Heidhues and Koszegi (2008) only

allow for the two polar cases.

In independent work, Zhou (2008) predicts a pro-competitive effect of consumers be-

ing loss averse that contrasts with Heidhues and Koszegi (2008). In Zhou’s model and

in ours firms can manage consumers’ reference point by choosing product prices. A

key difference between the two models is that consumers in his model do not use an

expectation-based reference point. Instead, he proposes ahistory-dependent reference

point: Consumers consider the product visited last as theirreference point.

In this paper, we provide a taxonomy of different market environments and find that the

impact of consumer loss aversion on competition depends on the particular specification

of the gain-loss utility: If consumers experience a gain-loss utility in the price dimension

only, the behavioral bias is pro-competitive; if they experience a gain-loss utility in the

match-value dimension only, the behavioral bias is anticompetitive. If both dimensions

enter the utility function symmetrically, the result depends on the presence of consumer

loss aversion: If gains and losses receive the same weights (i.e., no loss aversion), the bias

is competitively neutral; otherwise, with consumer loss aversion, the anti-competitive

effect in the taste dimension dominates.

7For overviews, see Ellison (2006), DellaVigna (2009), and Spiegler (forthcoming 2011).
8In a dynamic extension in the spirit of Koszegi and Rabin (2009) we would need that consumers’

expectations about prices are updated before the consumers’ expectations about match values.
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In Karle and Peitz (2010), we analyze a model of asymmetric duopoly and explore the

effect of cost asymmetry and the share of ex ante available information in the consumer

population on market outcomes. The present paper has a different focus: We analyze

symmetric oligopoly and explore how different weights in the price and match-value di-

mension of the reference-dependent utilities and the number of firms shape competition.

The plan of the paper is as follows. In Section 2, we present the model. In Section 3,

we characterize the duopoly equilibrium. We also compare our findings to those of the

duopoly model with a different timing of events inspired by Heidhues and Koszegi (2008).

In Section 4, we extend our analysis to ann-firm oligopoly. Section 5 concludes. Some

of the proofs are relegated to Appendix A. Equilibrium existence in symmetricn-firm

oligopoly is established in Appendix B.

2 The Model

Consider a market withn firms and a continuum of loss-averse consumers of mass 1.

Firms are located equidistantly on a circle of lengthL = n. The location of firmi is

denoted byyi = i − 1 for all i ∈ {1, ..., n}. Consumers observe firms’ locations ex ante.

Each firmi announces its pricepi to all consumers.

Consumers are uniformly distributed on the circle. A consumer’s locationx, x ∈ [0, n),

represents her taste parameter. Her taste is initially—i.e., before she forms her reference

point—not known to herself.

A fraction (1− β) of consumers, 0≤ β ≤ 1, has reference-dependent utilities. As will be

detailed below, consumers endogenously determine their reference point and then, before

making their purchase decision, observe their taste parameter (which is each consumer’s

private information). At the moment of purchase, all consumers are perfectly informed

about product characteristics, prices, and tastes.

All consumers have the same reservation valuev for an ideal variety and have unit de-

mand. Their utility from not buying is−∞, so that the market is fully covered.

We note that the circle model allows for the alternative and equivalent interpretation about

the type of information consumers initially lack: Consumers do not know the location of

the firms; they know only that then firms are located equidistantly on the circle.

Let the consumer type with standard utilities in [0, 1], who is indifferent between buying

goodi and goodi+1, be denoted by ˆx+i (pi , pi+1). The corresponding indifferent loss-averse
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To derive the two-dimensional reference-point distribution of loss-averse consumers, sup-

pose that the price vectorp = (p1, . . . , pn) is such that any sub-market between two neigh-

boring firms is served by only these two firms—i.e., the maximum price difference be-

tween any two neighboring firms is not too large in absolute terms.10 The rank order of

the price difference,∆p+i = pi+1 − pi, and distance between firmi and her indifferent loss-

averse consumer on the right,ˆ̂x+i −yi = ˆ̂x+i − (i−1) ∈ [0, 1], are identical.11 This holds true

since the reference comparison induced by reference-dependent utility is, by construc-

tion, rank-order maintaining. For example, ifpi = pi+1 (∆pi = 0), thenˆ̂x+i − (i − 1) = 1/2

(by symmetry), whileˆ̂x+j − ( j − 1) > 1/2 if p j < p j+1 (∆p j > 0). The reference-point

distribution in the price dimension,F(p), is the probability that the equilibrium purchase

price p∗ is not larger thanp. Recall that due to consumers’ initial taste uncertainty, the

equilibrium purchase price is not known when consumers formtheir reference point, even

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

F(p) =
∑

i∈{i|pi≤p}

( ˆ̂x+i − ˆ̂x−i )

n
. (1)

We next define the distanceszj between an indifferent consumer’s location and the loca-

tions of her two neighboring firms,12

∀ j ∈ {1, ..., 2n} : zj =






ˆ̂x+i − (i − 1), if j = 2i − 1;

1− ( ˆ̂x+i − (i − 1)), if j = 2i.
(2)

Distanceszj can be ordered by rank. Letz[k] describe thekth smallest distance in{zj}2n
j=1

and #(z[k]) the number of distances of sizez[k].13 σ(x) describes consumerx’s pur-

chase decision (pure-strategy personal equilibrium), which requires that, for given prices

p, consumers correctly anticipate the locations of the indifferent consumers{ ˆ̂x+i }ni=1. The

reference-point distribution in the taste dimension,G(s), is the probability that the equilib-

rium taste difference between the consumer’s ideal tastex and the taste of the purchased

10The case in which a single firm serves several sub-markets is considered in Section B.2 in the Appendix.
11Note that the indexi for ∆p+i is modulon—i.e.,∆p+n = p1 − pn.
12Note that max{z2i−1, z2i} represents the maximum taste difference consumers located between firmi and

i + 1 are willing to accept for given prices. Also note that maxj∈{1,...,2n}{zj} reflects consumers’ maximum
acceptable taste difference in the entire market and corresponds to the largest price difference between two
neighboring firms.

13Obviously, if there are no ties between price differences and between distances, then #(z[k]) = 1 for all
k ∈ {1, ...,K} andK = 2n.
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productyσ(x) is smaller than a real numbers—i.e.,G(s) = Prob(|x−yσ(x) | ≤ s). We obtain,

G(s) =






2s, s ∈ [0, z[1]];

2s2n−#(z[1])
2n + a1, s ∈ (z[1], z[2]];

...
...

2s
2n−

∑k
j=1 #(z[ j])

2n + ak, s ∈ (z[k], z[k+ 1]];
...

...

2s
2n−

∑K−1
j=1 #(z[ j])

2n + aK−1, s ∈ (z[K − 1], z[K]];

aK = 1, s ∈ (z[K], 1].

(3)

with {ak}Kk=1 being the required constants for the (K−1)-times kinked, piecewise linear cdf.

If all prices are the same, then consumers expect to buy from their closest firm ex post with

probability one. The distribution of the expected taste difference,G(s), is not kinked in

this case and approaches the uniform distribution:K = 1 andG(s) = 2s for s ∈ (0, 1/2].

If there are two or more different pricespi in the market, then there are at least two

different distanceszj. For small realized taste differences,s ∈ [0, z[1]], consumers expect

to buy from their closest firm ex post and, thus,G(s) = 2s. For a larger taste difference,

however, consumers anticipate that they will be attracted with positive probability to the

more distant, cheaper firm ex post. For this to happen, givens ∈ (z[1], z[2]], the realization

of x must be sufficiently close to the more expensive firm in the sub-market with the

largest price difference. Let, for instance,∆p+i = pi+1− pi be the (unique) maximum price

difference for givenp. Then, the indifferent consumer,̂̂x+i , in this sub-market is more

closely located to the high-price firmi + 1 (yi+1 = i). Moreover, the distance between

firm i + 1 and the indifferent consumer̂̂x+i is the smallest distance in the entire market—

i.e., yi+1 − ˆ̂x+i = i − ˆ̂x+i = 1 − ( ˆ̂x+i − (i − 1)) = z[1]. Thus, if the realization ofx lies

in the interval [yi+1 − z[2], ˆ̂x+i ], the consumer will be attracted by the low-price firmi.

Therefore, the consumer will not buy from her closest firm in equilibrium. This means

that for s ∈ (z[1], z[2]], only 2n− 1 sub-markets are relevant for the probability of facing

s andG(s), therefore, equals 2s(2n − 1)/2n plus a constant. This argument carries over

to all s ∈ (z[k], z[k + 1]] with 1 ≤ k ≤ K ≤ 2n. G(s) shows up to 2n− 1 kinks if theren

distinct price differences in the market.

We next turn to the consumers’ utility function. Using the reference-point distribution in

both dimensions, we can then solve for the consumers’ personal equilibria. Consider the

indirect utility functions of a consumer who has learned, after forming her reference-point

distribution given prices, that her ideal tastex lies in the sub-market between firmi and

firm i + 1. Suppose further that this consumer is the indifferent loss-averse consumer on
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this sub-market—i.e.,x = ˆ̂x+i ∈ [i − 1, i]. The consumer faces a distance ofˆ̂x+i − (i − 1) =

z2i−1 to firm i and 1− z2i−1 to firm i + 1. Her indirect utility if buying from firmi can be

expressed as

ui(x = ˆ̂x+i , p) =v− tz2i−1 − pi

+ αp

(

− λ
∑

j∈{ j|pj≤pi }

( ˆ̂x+j − ˆ̂x−j )

n
(pi − p j) +

∑

j∈{ j|pj>pi }

( ˆ̂x+j − ˆ̂x−j )

n
(p j − pi))

)

+ αm

(

− λt
∫ z2i−1

0
(z2i−1 − s)dG(s) + t

∫ 1

z2i−1

(s− z2i−1)dG(s)
)

,

where the first line describes the consumer’s intrinsic utility from producti. Parameter

v represents the common reservation value for one unit of any product, andt scales the

disutility from distance between ideal and actual taste on the circle. In the second line,

αp ≥ 0 measures the degree of reference dependence in the price dimension. The first

term in the second line shows the loss in the price dimension from not facing a lower

price thanpi, while the second term in this line shows the gain from not facing a higher

price thanpi. The weight on losses isλ > 1, while the weight on gains is normalized to

one. This feature, combined with the reference comparison,implements loss aversion in

our setup. In the third line,αm ≥ 0 measures the degree of the reference dependence in the

match-value dimension, which is equal to 1 in the standard case.14 The two terms in the

third line correspond to the loss (gain) from not facing a smaller (larger) distance in the

taste dimension than̂̂x+i − (i − 1) = z2i−1. If buying from firm i + 1 instead, the indifferent

consumer’s indirect utility is

ui+1(x = ˆ̂x+i , p) = v− t(1− z2i−1) − pi+1

+ αp

(

− λ
∑

j∈{k|pk≤pi+1}

( ˆ̂x+j − ˆ̂x−j )

n
(pi+1 − p j) +

∑

j∈{k|pk>pi+1}

( ˆ̂x+j − ˆ̂x−j )

n
(p j − pi+1)

)

+ αm

(

− λt
∫ (1−z2i−1)

0
((1− z2i−1) − s)dG(s) + t

∫ 1

(1−z2i−1)
(s− (1− z2i−1))dG(s)

)

.

By settingui−ui+1 = 0 for all i and solving for{ ˆ̂x+i }ni=1, we determine the locations of indif-

ferent loss-averse consumers (consumers’ personal equilibria) for any givenp (provided

that a solution exists).

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

14Heidhues and Koszegi (2008) and Karle and Peitz (2010) provide their analyses under the assumption
that αm = αp = 1. Also note that forλ → 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 for allfirms but one. The variation in

the price of one firm is required to determine the symmetric equilibrium prices in stage

1 of the game. Letpi , p′ be the price set by firmi and p j = p′, j , i, the price of

other firms in the market. By symmetry, the location of indifferent consumers in any sub-

market with zero price difference lies exactly in the middle between the two firms on this

sub-market—i.e.,̂̂x+j − ( j − 1) = 1/2. The location of indifferent consumers in the two

sub-markets around firmi is further apart from firmi than 1/2, if firm i has set a lower

price than any neighboring firm—i.e.,ˆ̂x+i − (i − 1) = (i − 1)− ˆ̂x−i > 1/2 for pi < p′—and

vice versa if firmi has set a higher price than any neighboring firm. In the following

lemma, we solve for the location of the indifferent consumer̂̂x+i as a function of the price

difference∆p = p′ − pi ≥ 0, conditional on the number of firmsn in the market and the

weightsαp andαm with respect to the two dimensions of loss aversion. In an abuse of

notation, letˆ̂x+i depend on the size of the price deviation∆p and the pricep′ that is set by

all other firms, i.e.p = (p′, ...., p′, pi, p′, ...p′).

Lemma 1. Suppose that̂̂x+i ∈ [(i−1)+1/2, i], pi ≤ p′, and pj = p′ for all j , i. Moreover,

λ > 1 andαm > 0. Then ˆ̂x+i , as a function of the price difference∆p ≡ p′ − pi ∈ [0,∆p̄]

given the price vectorp = (p′, ..., p′, pi , p′, ..., p′), is

ˆ̂x+i (∆p, p′) = (i − 1)+
( 2(αm+ 1)
αm(λ − 1)(n+ 2)

+
3n+ 2

n(n+ 2)

)

−
2αp · ∆p

αmn(n+ 2)t
− 2S(∆p), (4)

where

S(∆p) =

√

α2
p(λ − 1)2 · ∆p2 − (λ − 1)Λt · ∆p+ (1+ αmλ)2n2t2

(αm(λ − 1)n(n+ 2)t)2

withΛ =
(

2αpn+ αm

(

n(n+ 2)+ αp

(

2(λ − 1)+ (3λ + 1)n+ n2
)))

and∆p̄ being the upper

bound of∆p for which the square root S(∆p) is defined.15

The proof of Lemma 1 is relegated to Appendix A.1. In the proof, we make use of the

fact that there exist only two indifferent consumers whose locations are different from

1/2, the indifferent consumers to the right and the left of firmi. Since their locations are

symmetric, it suffices to solve a system of one (quadratic) equation and one unknown—

15For x ∈ [i − 1, i], consumerx’s personal equilibrium (determining her product choice—i.e.,σ(x,∆p) ∈
arg maxj∈{i,i+1} u j(x, p j, p− j)) is described by

σ(x,∆p) =






i if x ∈ [yi , ˆ̂x+i (∆p, p′)],

i + 1 if x ∈ ( ˆ̂x+i (∆p, p′), yi+1].
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i.e., to solveui − ui+1 = 0 for ˆ̂x+i . Forλ→ 1 orαm→ 0, ui − ui+1 = 0 collapses to a linear

equation and̂̂x+i (∆p, p′) shows a much simpler form.

From the general form of̂̂x+i (∆p, p′) in Lemma 1, we can derive the demand from loss-

averse consumers of firmi, ˆ̂xi(∆p, p′): Using the uniform distribution ofx and symmetry

we obtain

ˆ̂xi(∆p, p′) =
ˆ̂x+i (∆p, p′) − ˆ̂x−i (∆p, p′)

n
=

2
n

(

ˆ̂x+i (∆p, p′) − (i − 1)
)

=
2
n

z2i−1. (5)

In the next section, we consider duopoly markets varying theweights on the price and

taste dimensions of loss aversion.

3 Duopoly

In this section, we characterize equilibrium candidates rearranging first-order conditions.

We also provide conditions under which an interior equilibrium in a symmetric duopoly

exists and under which it is unique. We start by establishingsome properties of market

demand that will be needed below. In Subsections 3.1 to 3.3, we focus on the caseαp =

αm = 1.

3.1 Properties of market demand

We first consider standard consumers who do not have reference-dependent utilities. Such

a situation will represent our benchmark. For pricespi andp−i with i ∈ {1, 2}, a standard

consumer located atx obtains the indirect utilityui(x, pi) = v− t|yi − x| − pi from buying

producti. The expressionv− t|yi − x| captures the match value of producti for consumer

of type x. The indifferent standard consumer between firm 1 and 2 is given by standard

Hotelling formula

x̂+1 (∆p) =
(t + ∆p)

2t
, (6)

with ∆p ≡ p2 − p1. Symmetrically, a second indifferent (standard) consumer type is

located at 2− x̂+1 (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 equalweights of one on both

dimensions of loss aversion, the location of the indifferent consumer between firm 1 and
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2 is equal to

ˆ̂x+1 (∆p) =
λ

(λ − 1)
− ∆p

4t
−

√

∆p2

16t2
− (λ + 2)

2t(λ − 1)
∆p+

(λ + 1)2

4(λ − 1)2
︸                                        ︷︷                                        ︸

≡S(∆p)

, (7)

with ∆p = p2− p1—compare Lemma 1. This expression is valid for∆p sufficiently small.

The square root,S(∆p) in (7), is defined for∆p ∈ [0,∆p̄] with

∆p̄ ≡
2t

(λ − 1)

(

2(λ + 2)−
√

(2(λ + 2))2 − (λ + 1)2
)

, (8)

which is strictly positive for allλ > 1. It can be shown that, forλ ≥ 3 + 2
√

5 ≈ 7.47,

the indifferent consumer satisfiesˆ̂x+1 (∆p) ∈ [1/2, 1] for all ∆p ∈ [0,∆p̄]. If the degree

of loss aversion is smaller,λ < 3+ 2
√

5, ˆ̂x+1 (∆p̄) rises above one. Therefore, we have to

define another upper bound on the price difference,∆p̃, with ∆p̃ < ∆p̄ by the solution to
ˆ̂x+1 (∆p̃) = 1. We can solve explicitly,

∆p̃ =
(λ + 3)t
2(λ + 1)

. (9)

The upper bound for the price difference (which depends on the parameterst andλ), for

which ˆ̂x+1 is defined as in equation (7), is given by:

∆pmax≡





∆p̃, if 1 < λ ≤ λ̃;
∆p̄, if λ > λ̃.

(10)

with λ̃ ≡ 3+ 2
√

5 ≈ 7.47.16

Sincex is uniformly distributed on a circle of lengthL = 2, the demand of firm 1 from

loss-averse consumers,ˆ̂x1, is equal to (̂̂x+1− ˆ̂x−1 )/2 = (2ˆ̂x+1)/2 = ˆ̂x+1 . It can be shown that the

derivative ofˆ̂x1(∆p) with respect to∆p, ˆ̂x′1(∆p), is strictly positive for all∆p ∈ [0,∆pmax]:

ˆ̂x′1(∆p) = −
1
4t
−

1
2 · S(∆p)

·
(
∆p
8t2
−

(λ + 2)
2t(λ − 1)

)

.

16Note that∆p̃ ∈
[

t · (
√

5− 1)/2, t
)

≈
[

0.618t, t
)

for 1 < λ ≤ λ̃ and∆p̄ ∈
(

t · 2(
√

3− 2), t · (
√

5− 1)/2
)

≈
(

0.536t, 0.618t
)

for λ > λ̃.
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Evaluated at∆p = 0, this becomes

ˆ̂x′1(0) = −
1
4t
+

(λ + 2)
2t(λ + 1)

.

ˆ̂x′1(0) is approaching 1/(2t) from below forλ→ 1 and 1/(4t) from above forλ→∞. This
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Demand of standard and loss-averse consumer as a function of∆p for parameter val-
ues oft = 1,αm = αp = 1; ∆pmax(λ = 2) = 0.8333 and∆pmax(λ = 3.83)= 0.7070.

Figure 1: Demand of standard and loss-averse consumers

Furthermore, for∆pmax = ∆p̄, it is discontinuous at∆pmax. It approaches one for∆p =

t.19 Firm −i’s demand is determined analogously byq−i(∆p; β) = 1 − qi(∆p; β). In the

following, we are interested in interior equilibria in which both products are purchased

by a strictly positive share of loss-averse consumers—i.e., ∆p is lower than∆pmax. This

holds when firms’ prices are not too asymmetric.

Several properties of the demand of firmi carry over fromˆ̂x+i (∆p, p′):20 For 0 < ∆p <

∆pmax (i.e., for any pricepi that is lower than its competitor’s price), the demand of firm

i, qi(∆p; β) is strictly increasing and convex in∆p. It is concave for a price above the

competitor’s price (for∆p < 0). In the remainder, we often refer toqi as a short-hand

notation forqi(∆p; β). The derivative∂qi/∂∆p is denoted byq′i .

3.2 Equilibrium characterization, existence, and uniqueness

We next turn to the equilibrium characterization. At the first stage, firms foresee con-

sumers’ purchase decisions and set prices simultaneously to maximize profits. This yields

19At ∆p = t, firm i serves also all distant standard consumers which are harderto attract than distant
loss-averse consumers because the former do not face a loss in the price dimension if buying from the more
expensive firm−i. For∆p > t demand of firmi shows a second kink. We ignore this region since we are
interested in cases in which both firms face strictly positive demand.

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

∂πi

∂pi
=qi + (pi − c)(−q′i ) = 0 , i = 1, 2 (FOCi)

We refer to a solution characterized by these first-order conditions as an interior solu-

tion. Our framework allows us to explicitly solve for equilibrium markup in symmetric

duopoly, in contrast to Heidhues and Koszegi (2008). The following lemma characterizes

the symmetric equilibrium.

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

p∗i = c+
t

1− (1−β)
2

(λ−1)
(λ+1)

, i = 1, 2. (13)

Proof. Rearranging the first-order conditions (FOCi) and using thatqi(0;β) = 1/2 for all

β, we obtain

p∗i − c =
1
2

q′i (0;β)
, i = 1, 2., (14)

where

q′i (0;β) = −
1
4t

(1− 3β) −
(1− β)
2(S(0))

(

0−
(λ + 2)

2t(λ − 1)

)

= −
1
4t

(1− 3β) +
(1− β)
2 λ+1

2(λ−1)

(

(λ + 2)
2t(λ − 1)

)

=
1

4t(λ + 1)

(

2(λ + 1)− (1− β)(λ − 1)
)

.

Substituting into equation (14) yields the unique symmetric equilibrium price in (13). �

For any interior solution, quasi-concavity of the profit functions would assure that the

solution characterizes an equilibrium.

However, the profit function is not quasi-concave. If firmi sets a much lower price than

firm j, firm i’s profit becomes increasingly convex due to the increasing convexity of its

demand with loss-averse consumers.

∂2πi

∂p2
i

= −2q′i + (pi − c)q′′i , (15)
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whereq′′i = ∂
2qi(∆p)/∂∆p2 which is positive for∆p > 0 but negative for∆p ≤ 0 due

to symmetry (sinceqi(−|∆p|) = 1 − qi(|∆p|)). Using that (pi − c) = qi/q′i by FOCi, the

second-order condition of firmi can be expressed as

−2(q′i )
2 + qiq

′′
i < 0. (16)

For β < 1, equation (16) is satisfied for∆p sufficiently small, while it is violated for

∆p→ ∆p̄, asq′′i goes faster to infinity in∆p than (q′i )
2.

This violation of quasi-concavity reflects that firmi may have an incentive to non-locally

undercut prices to gain the entire demand of loss-averse consumers when the initial sit-

uation has the property that∆p is large. This is due to the property that loss aversion in

the price dimension increasingly dominates loss aversion in the taste dimension if price

differences become large. Moreover, excessive losses in the price dimension if buying the

expensive productj make also nearby consumers ofj more willing to opt for producti,

j , i.

The next proposition clarifies the issue of equilibrium existence. It deals with the non-

quasi-concavity of firmi’s profit function by determining critical levels for the degree of

loss aversion such that no firmi has an incentive to non-locally undercut prices. We use

that the convexity of firmi’s profit function is increasing in∆p which yields that stealing

the entire demand of loss-averse consumers is the uniquely optimal deviation of firmi. We

focus on the most critical case for equilibrium existence, the case in which all consumers

are loss-averse.21

Proposition 1. Suppose that all consumers are loss averse (β = 0) and there are two firms

in the market. A symmetric equilibrium with prices p∗
i for all i ∈ {1, 2} exists if and only if

1 < λ ≤ λc with λc = 1+ 2
√

2 ≈ 3.828. (17)

The following proposition extends the existence conditionanalyzing the relationship be-

tween the degree of loss aversion and the share of standard consumers on the market. A

critical level ofβ for symmetric equilibria to exist,βcrit(λ), is derived as a function ofλ.

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

21Adding more standard consumers always reduces the problem of non-quasi-concavity of firmi’s profit
function since the demand of standard consumers is linear. Thus, the upper bound on the degree of loss aver-
sion with only loss-averse consumers is sufficient for existence with a positive share of standard consumers.
Cf. Proposition 2.
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with prices p∗i for all i ∈ {1, 2} exists if and only if

β ≥ βcrit(λ), (18)

whereβcrit(λ) is an increasing function inλ given by

βcrit(λ) ≡






0, if λ ∈ (1, 1+ 2
√

2],

βcrit
0 (λ), if λ ∈ (1+ 2

√
2, λ̃],

βcrit
1 (λ), if λ > λ̃ ≈ 7.47,

(19)

whereβcrit
0 andβcrit

1 are defined in the proof in Appendix A.2.

We note thatβcrit
0 (λ) ∈ (0, 0.349] andβcrit

1 (λ) ∈ (0.349, 0.577) in the associated ranges for

λ. The proofs of Propositions 1 and 2 are relegated to AppendixA.2. The critical share of

standard consumers for symmetric equilibria to exist,βcrit(λ), is depicted in Figure 2. If

the share of informed consumers is sufficiently large (above 57.7%) symmetric equilibria

exist for allλ > 1. The more general existence proof for different weightsαp andαm is

provided in Appendix B.1.

2 4 6 8 10 12 14

0.1

0.2

0.3

0.4

λ

βcrit(λ)

Non-deviation

Critical share of standard consumers,βcrit(λ), for which symmetric equilibria exist as
a function of the degree of loss aversionλ > 1, t = 1. Non-deviation forβ ≥ βcrit(λ).

Figure 2: Non-deviation in symmetric duopoly

In the remainder of this section, we disentangle pro- and anti-competitive effects of the

presence of loss-averse consumers. We also relate our findings on the competitive effects
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of consumer loss aversion to a setting in which consumers form reference points before

the firms have set their prices, as is the case in Heidhues and Koszegi (2008).

3.3 Comparative statics in the basic duopoly model

We define the equilibrium markup asm∗ ≡ p∗ − c. Using Lemma 2, we obtain compar-

ative static results. In particular, as the share of standard consumers increases, the firms’

markup decreases. This result follows directly from differentiating (13) with respect toβ:

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

consumersβ.

In other words, loss-averse consumers exert a negative external effect on standard con-

sumers consumers. This contrasts the findings of a positive external effect in Gabaix and

Laibson (2006) who consider a market in which only a fractionof consumers are knowl-

edgeable about their future demand of an “add-on service”, while other consumers are

“naively” unaware of this.

Two additional comparative static results follow immediately from Lemma 2. First, equi-

librium markup is increasing in the degree of loss aversion,λ. Forλ → 1, firms receive

the standard Hotelling markup oft. Second, equilibrium markup is increasing in the in-

verse measure of industry competitiveness,t. For t → 0, firms engage in pure Bertrand

competition and markups converge to zero for all levels of loss aversion. This shows that

consumer loss aversion does not affect market outcomes in perfectly competitive envi-

ronments, and our results rely on the interaction of imperfect competition and behavioral

bias.

Table 1: Symmetric Equilibrium: Markups

β λ 1 2 3 3.8284 5 7 9 ∞
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 for different values of the share of informed con-

sumersβ and of the degree of loss aversionλ. We make the following observation: The
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markup is higher the more consumers are loss-averse and the higher is the degree of

loss-aversion (provided parameters are such that symmetric equilibrium exists, compare

Figure 2.

3.4 Pro- and anti-competitive eff
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The symmetric equilibrium prices in this general case can bederived analogously to

Lemma 2. Considering only loss-averse consumers (β = 0) we obtain

p∗i = c+
t

1− 1
2

(2αmλ−αp(λ+1))
(αmλ+1)

, i = 1, 2, (22)

provided an equilibrium exists. In Proposition 6 in Appendix B.1 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 + (1− xe)(p2 − p1) = v− t(1− x) − p2 − λxe(p2 − p1) (23)

Hence, for given beliefsxe, the indifferent consumerxi is

xi =
1
2
+

1
2t

(p2 − p1) +
1+ (λ − 1)xe

2t
. (24)

We observe that on top of the effect forλ = 1, under consumer loss aversion there is an

additional positive club effect: The more consumers are expected to buy from firm 1, the

better it is for a consumer to buy product 1 instead of 2. Underself-fulfilling expectations

xe = xi = ˆ̂xp we thus see that, due to a positive club effect, the pro-competitive effect in

the price dimension becomes larger as the degree of loss aversionλ increases.

Second, consider the case that consumers experience a gain-loss utility in the match-

value dimension only. Comparing a market with loss-averse to a market with standard

consumers reveals that competition is less intense if consumers are loss averse. Straight-

forward computations show thatp∗m = c + t(1 + λ) which leads to a less competitive

outcome than in the standard Hotelling-Salop model. A pricedecrease for firmi implies

that consumers are more likely to buy from firmi than firm j, j , i. This implies that

the marginal consumer more often encounters a worse match from firm i. Since relatively

bad matches enter negatively the gain-loss utility, the price elasticity of demand is lower

and best-response functions are shifted upward. Effectively, competition is less intense

compared to the market populated by standard consumers.

The following remark summarizes the insights obtained above.

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

kets with loss-averse consumer are more competitive than markets with standard con-

sumers. By contrast, if consumers experience a gain-loss utility in the match-value di-

mension only, markets with loss-averse consumers are less competitive than markets with

standard consumers.

This insight holds more generally; in particular, it does not rely on the assumption that

taste parameters are uniformly distributed and that utility depends linearly on match value,

defined as the distance between consumer and product. These assumptions are mainly

made for computational reasons.

We note that this result does not rely on losses entering the utility function with a differ-
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Figure 3: Pro- and anti-competitive effects of loss aversion

ent weight than gains; what matters is that the consumers’ utility function is reference-

dependent. In other words, the result remains to hold true ifλ = 1.

Let us now consider intermediate cases between the two polarcases. In our baseline

model, both dimensions entered with equal weights,αp = αm. For this case we obtain

that the taste dimension dominates the price dimension (as follows from equation (13)) if

consumers are loss-averse, i.e.,λ > 1.

Depending on the degree of loss aversionλ, there is a critical relationship of gains and

losses in the price dimension relative to the match-value dimension such that pro-competitive

and anti-competitive effects cancel out each other. This critical relationship is given by

α̃p(αm; λ) =
2λ
λ + 1

· αm, (25)

which turns out to be simply a ratio of weights on the price andmatch-value dimension

αp andαm for given λ.23 This ratio is depicted in Figure 4 forλ = 1 andλ = 3. It

shows the competitiveness of price equilibria (relative tothe benchmark with standard

consumers) for different weights in the two dimensions of loss aversion. It can be seen that

for any positive degree of loss aversion (λ > 1), markets are anti-competitive if weights

are identical on the price and match-value dimension. If thedegree of loss aversion is

increased, a relatively higher weight on the price dimension is required to balance the

23This critical ratio can be derived by setting the symmetric equilibrium price with gain/loss utility and
flexible weights equal to the one with intrinsic utility only. In the latter case the symmetric equilibrium
price is given byp∗i = c+ t, the standard Hotelling result. In the former case it is represented by (22).
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anti- and the pro-competitive effect. The figure reveals that even when gains and losses

are weighted equally (λ = 1; so that the utility function features reference dependence but

not loss aversion), markets become anti- (resp. pro-) competitive if reference-dependent

consumers, for a certain product category, put a relativelyhigher (resp. lower) weight on

the match-value dimension than on the price dimension.

Remark 2. The range{(αp, αm)} 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 different types of loss-averse consumers. In particular,

we assume that some consumers are loss-averse in the price dimension only, whereas the

others are loss-averse in the match-value dimension only. The former is of massγp, while

the latter is of massγm. The equilibrium markup is calculated as

m∗(γm, γp) =
2(γm+ γp)(1+ λ)t

2γm+ γp(1+ λ)(3+ λ)
. (26)

In analogy to the previous subsection, we want to know the critical massesγp andγp such

that consumer loss aversion is competitively neutral.
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Figure 4: Pro- and anti-competitive effects of loss aversion: Population mix

This critical relationship is given by

γ̃p(γm; λ) =
2λ

(λ + 1)2
· γm, (27)
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which is a ratio of weightsγp andγm for givenλ. The major difference to the case with

varying weights on the two dimensions of loss aversion is that increasing the degree of

loss aversion makes markets more competitive. This means that (2λ)/(λ+1)2 is decreasing

in λ. This reflects the fact that in a mixed population (0≤ γp, γm ≤ 1) the pro-competitive

effect of an increase of the degree loss aversion from theγp group dominates the corre-

sponding anti-competitive effect from theγm group. Our findings are illustrated in Figure

4.

3.6 Comparison to a model in which price information is not avail-

able ex ante

In this subsection, we discuss the outcome of the modified model in which consumers

do not observe prices before forming their reference point—i.e., firms set prices after

consumers form their stochastic reference point. This model is the limit case of Heidhues

and Koszegi (2008), when the cost uncertainty has vanished.Since consumers do not

observe prices when forming their reference point, deviations from the equilibrium do

not affect the consumers’ reference-point distribution. To simplify the analysis, we set the

share of standard consumers equal to zero,β = 0.

Consider the model in which consumers do not observe price atthe time they form their

reference-point distribution. If consumers are loss-averse only in the price dimension,

there is a continuum of equilibria: Any price in the interval[c+ t/(λ + 1), c+ t/2] for all

λ > 1. The unique equilibrium price in the setting in which prices are observed ex ante

lies within this interval.24 We note that a market with reference-dependent consumers fea-

tures a more competitive price under both informational assumptions than a market with

standard consumers. Also note that, forλ = 1, the equilibrium under both informational

assumption is the same andp∗ = c+ t/2.

If consumers are loss-averse only in the match-value dimension, there is a unique equi-

librium p∗ = c+ t(λ + 1).25 This price is the same that prevails if consumers learn prices

before the reference point is formed and thus the timing of the price setting is immaterial

to the outcome. The reason is that a local price deviation hasonly a second-order effect

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

25This price can be derived by adjusting the reference-point distribution in the taste dimension toG(s) =
2s—i.e., all consumers expect to buy from their closest firm ex post. This yields a smooth demand function
and a single equilibrium price.
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that is induced by consumer loss aversion; the price elasticity of demand remains locally

unaffected so that we obtain the same solution to the system of first-order conditions of

profit maximization.

If consumers are loss-averse in both dimensions, any price in the interval [c+t, c+(t/2)(λ+

1)] constitutes an equilibrium. The unique equilibrium price in the setting in which prices

are observed ex ante lies within this interval.

More generally, whenever there is a positive weight on the gain-loss utility in the price

dimension (αp > 0), there is a continuum of prices that can be supported in symmetric

equilibrium. We summarize our observations in the following remark.

Remark 3. If consumers form reference points before observing price,there is a con-

tinuum of equilibria, whenever the weight on the gain-loss utility in the price dimension

is strictly positive. The equilibrium price set contains the unique 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 ann-firm oligopoly. Suppose that the length of the circle is

L = n (while the consumer mass is equal to 1); this implies that theequilibrium markup

in the model with standard consumers (as in Salop (1979)) areindependent of the number

of firms. Hence, any change in the equilibrium markup is due toconsumer loss aversion.

Furthermore, note that, under the alternative timing that consumers form reference point

before observing prices, the set of symmetric equilibrium prices is independent of the

number of firms. Thus, any comparative statics results in thenumber of firms are due

to the fact that price changes are observed initially and, thus, affect the reference-point

distribution.

4.1 Market demand in oligopoly

For the sake of exposition, in Subsections 4.1 and 4.2, we characterize market demand

and establish equilibrium existence only in the special case ofαm = 1 andαp = 1 . Firm
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i’s demand can be expressed by26

ˆ̂xi(∆p, p′) =
( 4
(λ − 1)(n+ 2)

+
3n+ 2

n(n+ 2)

)

−
2∆p

n(n+ 2)t
− 2S(∆p), (28)

where

S(∆p) =

√

∆p2(λ − 1)2 − (λ − 1)(λ(3n+ 2)+ n(2n+ 5)− 2)t∆p+ (1+ λ)2n2t2

(λ − 1)2
(

2n+ n2
)2 t2

(29)

for λ > 1 and∆p ≥ 0 and sufficiently small.

We observe that, at symmetric prices, demand is kinked forn > 2. This means that de-

mand in oligopoly with more than two firms behaves qualitatively differently than duopoly

demand because setting a slightly lower price than the competitor leads to a different

marginal effect in absolute value than setting a slightly higher price ifthere is more than

one competitor. The kinked demand is illustrated in Figure 5for n = 100 (given that the

competitors’ prices are fixed at the duopoly equilibrium price p∗(2)).27 Figure 9 in Ap-

pendix C illustrates the demand of standard and loss-averseconsumers in a market with

more than two firms.

4.2 Existence of maximal equilibrium

Due to kinked demand, there is a continuum of equilibria forn > 2. Suppose that firms co-

ordinate on the symmetric equilibrium that maximizes industry profits.28 Note that there

is also a continuum of equilibria under the alternative timing proposed by Heidhues and

Koszegi (2008). However, since consumers do not observe prices under this alternative

timing, firms do not only have to solve the coordination problem in their setting but must

also believe that consumers are convinced that they will do so. In this subsection, we

establish equilibrium existence for thismaximal equilibrium.

Establishing equilibrium existence inn-firm oligopoly is rather involved, since there

might arise profitable non-local deviations by stealing consumers in distant sub-markets.

26Compare the general representation of the indifferent loss-averse consumer in (4),ˆ̂xi(∆p, p′) =
2( ˆ̂x+i (∆p, p′) − (i − 1))/n.

27For ∆p ≤ 0, firm i’s demand (resp. location of the indifferent loss-averse consumer) can be derived
analogously to Lemma 1 considering the indirect utility functions for a priceincreaseof firm i. Forn = 2,
firm i deviating from symmetric prices (p, p) by a price increase top′ is equivalent to firm−i deviating from
symmetric prices (p′, p′) by a price decrease top. Therefore demand is symmetric around∆p = 0 in this
case and no kink arises.

28Cf. literature on cheap–talk games.
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p∗(2)

Loss-averse consumers covered by firm 1 (= twice location of the indifferent, loss-
averse consumer orn-times demand of firm 1) for varyingn as a function ofp1 for
parameter values oft = 1, λ = 3,αm = 1, andαp = 1: p∗(2) = 4/3

Figure 5: Locations of indifferent, loss-averse consumers (n = 2, 100)

Although, for largen, conditions for maximal equilibrium existence carry over from the

duopoly case, stricter conditions are required in markets with a small number of firms.

The next proposition reports these conditions, which are derived in detail in Appendix

B.2. The maximal equilibrium markup, denoted bym∗(n), is determined in the next sub-

section.

Proposition 4. A symmetric maximal equilibrium with n firms and prices, p∗(n) = m∗(n)+

c = ((1+ λ)nt)/(λ − 1+ 2n) + c, exists

1. ∀λ ∈ (1, λc] with λc = 1+ 2
√

2 ≈ 3.828 if n = 2 or n > 6,

2. ∀λ ∈ (1, λcc] with λcc = 1/4
(

1+
√

57
)

≈ 2.137 if n ∈ {3, 4, 5}.

4.3 The intensity of competition and the number of firms

In this subsection, we will show that the maximal equilibrium markup positively depends

on the number of firms, whereas in the model with standard consumers it does not. The

intuition for this non-neutrality result is straightforward. In the duopoly model, con-

sumers expect that they are likely to be affected by a price deviation and thus adjust

their reference-point distribution accordingly, while, given a larger number of firms, the



Consumer Loss Aversion and Competition in Differentiated Product Markets 27

0 20 40 60 80

0.1

0.2

0.3

0.4

0.5

. . .∞

m∗p(n)

n

Figure 6: Markups with loss aversion in price dimension only

reference-point distribution reacts less sensitive to onefirm’s deviation from the maximal

equilibrium strategy.

Before turning to some special cases, we analyze the generalcaseαm > 0 andαp > 0.

Analogously to Lemma 2, we can derive firmi’s symmetric maximal equilibrium markup

for loss-averse consumers (β = 0). Using firm i’s demand function in (28) and that
ˆ̂xi(0) = 1/n yields

m∗(n|αm, αp) =
(1+ αmλ)nt

αp(λ − 1+ n) + n
. (30)

We now turn to some special cases. First, consider the case that consumers are loss-averse

only in the price dimension—i.e.,αm = 0, αp = 1. The maximal equilibrium markup is

m∗p(n) =
nt

(λ − 1)+ 2n
. (31)

This is illustrated in Figure 6, where the upper line constitutes the maximal equilibrium

markup.

We find that the maximal equilibrium markup is increasing in the number of firms. This

confirms the general insight that, given a larger number of firms, the reference-point dis-

tribution reacts less sensitive to individual price deviations. The intuition for this result

is that a price change in a market with few firms is more effective in changing the con-

sumers’ reference-point distribution. For a small variation of the model in which the circle
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becomes more crowded if the number of firm increases, by continuity, this implies that

consumers may be better off in a market with a small number of firms if they are loss

averse, whereas the opposite may hold if they do not have reference-dependent utilities.

For n → ∞, the markup converges tom∗p(∞) = t/2—this is the upper bound on prices

in the duopoly setting in which consumers form their reference-point distribution before

observing prices.

We note that the equilibrium set of prices would not be affected by the number of firms

if consumers did not observe prices ex ante. However, in our setting, the equilibrium set

expands as the number of firms increases. This is illustratedin Figure 6, where the grey

area contains the set of prices that can be supported in symmetric equilibrium.

Second, consider the case that consumers are loss-averse inboth dimensions—i.e.,αm =

1, αp = 1. The maximal equilibrium markup is

m∗(n) =
(λ + 1)nt

(λ − 1)+ 2n
, (32)

which is illustrated in Figure 7—the upper line shows the maximal equilibrium markup.

Again, we find that the maximal equilibrium price is increasing in the number of firms

because the reference price distribution reacts less sensitive to a price change after an

increase of the number of firms. Consequently, the market becomes less competitive. For

n → ∞, this markup converges tom∗ = (λ + 1)t/2—this is the upper bound on prices

in the duopoly setting in which consumers form their reference-point distribution before

observing prices.

Third, consider the case that consumers are loss-averse only in the match-value dimension—

i.e.,αm = 1, αp = 0. The maximal equilibrium markup ism∗m(n) = (λ + 1)t and is inde-

pendent ofn.

We summarize our findings as follows:

Proposition 5. In the Salop model with L= n and standard consumers, the number of

firms does not affect competition. By contrast, with loss-averse consumers the maximal

equilibrium price is increasing in the number of firms. For n→ ∞ and αp > 0, the

maximal equilibrium price p∗(∞) ≡ limn→∞ p∗(n) is the upper bound of the equilibrium

set that results in the model in which consumers do not observe price before forming their

reference-point distribution.
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Figure 7: Markups with loss aversion in both dimensions

We also find that treatingn as a continuous variable, asn turns to infinity, the corre-

spondence of symmetric equilibria converges to the set of symmetric equilibria under the

alternative timing (which is invariant inn).

4.4 Discussion: Targeted vs. Non-targeted Advertising

The comparison of markets with a different number of firms and an adjusted circumfer-

ence of the circle may appear artificial.29 Let us compare the duopoly market to a market

with n > 2 firms (n-firm oligopoly). The latter captures a situation in which all n firms

belong to the consideration set of consumers because, at theex-ante stage, they do not

know their location. We may think of all firms advertising theexistence of their products

and their prices toall consumers—i.e., firms engage in non-targeted advertising.

By contrast, if each firm can identify whether a consumers is located somewhere between

the firm’s location and the location of an adjacent firm, it mayengage in targeted advertis-

ing by informing only those consumers in its neighborhood about existence and price.30

Effectively, the consideration set of consumerx ∈ [i, i + 1] is {i, i + 1} at the ex-ante stage.

Thus, then- firm oligopoly model with such targeted advertising is outcome-equivalent

to the duopoly model in the paper. In particular, using symmetry, the re-scaled first-order

29This is, however, in the spirit of non-address models of imperfect competition of the Dixit-Stiglitz-type,
where an additional variant may not affect the pricing of firms.

30E.g. consider advertisement emails by Amazon with book suggestions.
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condition of profit maximization in then-firm model with targeted advertising is the same

as the one of the duopoly model. Therefore, equilibrium prices are the same. This implies

that our comparative statics results with respect to the number of firms (going from 2 ton

firms) can be interpreted as resulting from a switch from targeted to non-targeted adver-

tising in n-firm oligopoly. If firms coordinate on the equilibrium that maximizes industry

profits, they are better off from jointly agreeing not to use targeted advertising sincethis

intensifies competition.

5 Conclusion

This paper has explored the impact of consumer loss aversionon market outcomes in sym-

metric imperfectly competitive markets. We did so in a Hotelling-Salop setting, which is

a standard workhorse in the modern industrial organizationliterature. Consumer loss

aversion only makes a difference compared to a market in which consumers lack this be-

havioral bias if they are uncertain about product characteristics or associated match value

at an initial stage at which they form their reference-pointdistribution. Since price infor-

mation is readily available, firms can use price to manage thereference-point distribution

of consumers in the price and match-value dimensions.

Our paper provides a nuanced view on the competitive effects of consumer loss aversion

in differentiated product markets. Loss aversion, and more generally, a gain-loss utility,

in the price dimension leads to more competitive outcomes, while the reverse holds in the

match-value dimension. It is the interplay between this pro- and anti-competitive effect

that determines whether the market is more or less competitive compared to the standard

Hotelling-Salop world. Empirical work may want to uncover the relative strength of those

two effects.

Consumers learn posted prices before they form their reference points, whereas in Hei-

dhues and Koszegi (2008) consumers form their reference points before knowing posted

prices. This means that in our model a price change is observed and, thus, changes the

consumers’ reference-point distribution. The sensitivity of the reference-point distribu-

tion to price changes is particularly pronounced in duopoly: We show that, focussing on

the maximal price that can be supported in symmetric equilibrium, increasing the number

of firms in a way that does not affect equilibrium prices in the standard model makes the

market less competitive. In the limit, prices converge to the upper bound of the equi-

librium set for the model under the alternative timing—i.e., when 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 indifferent consumer

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

Since the price differences in the sub-market between firmi − 1 and firm i and in the

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

indifferent consumers of firmi face are the same, i.e.ˆ̂x+i −(i−1) = (i−1)− ˆ̂x−i . We therefore

can simplify ˆ̂x+i − ˆ̂x−i in F(p) to 2(ˆ̂x+i − (i − 1)) or, equivalently, to 2z2 j−1. Furthermore,

using thatp j = p′ for all j , i, we obtain that

F(p) =






2z2 j−1

n if p ∈ [pi , p′)

1 if p ≥ p′.

A price deviationpi < p′ implies thatˆ̂x+i − (i−1) = z2 j−1 > 1/2. Thus, the smallest critical

taste distance in the market exists betweenˆ̂x+i and firm i + 1 (and between̂̂x−i and firm

i − 1). This distance is equal to 1− z2 j−1. The next larger critical taste distance is the one

in sub-markets with symmetric prices. It is equal to 1/2. Finally, only the consumers that

will be attracted by firmi ex post face up to the maximum critical taste distance which is

z2 j−1. Hence,G(s) can be rewritten as

G(s) =






2s if s ∈ [0, 1− z2 j−1]

2sn−1
n + a1 if s ∈ (1− z2 j−1,

1
2]

2s1
n + a2 if s ∈ (1

2, z2 j−1],

wherea1 =
1−2z2 j−1

n and a2 = (1 − 2z2 j−1

n ). Using the properties of the reference-point

distributions, we rewrite the indirect utility functions of consumers buying from firmi or

i + 1,

ui( ˆ̂x+i , p
′) =v− tz2i−1 − pi + αp(1−

2z2i−1

n
)(p′ − pi) +

αmλt
4n

(

8z2
2i−1 − 4(2+ n)z2i−1 + 2+ n

)

ui+1( ˆ̂x+i , p
′) =v− t(1− z2i−1) − p′ − αpλ

2z2i−1

n
(p′ − pi)
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+
αmt
4n

(

n
(

(2z2i−1 − 1)2 − 4λ(z2i−1 − 1)2
)

+ 2(2z2i−1 − 1)2
)

.

Next, we determine the location of the indifferent loss-averse consumer by settingui =

ui+1. Rearranging leads to the following quadratic equation inz2 j−1,

4αm(λ − 1)(n+ 2)t · z2
2i−1 +

(

8αp(λ − 1)∆p− 4(2n+ αm(2(λ − 1)+ (3λ − 1)n))t
)

· z2i−1

+

(

4(1+ αp)n∆p+ 2αm(λ − 1)t + (4+ αm(5λ − 1))nt
)

= 0

Solving this quadratic equation w.r.t.z2 j−1 and adding (i − 1) leads toˆ̂x+i (∆p), the expres-

sion given in the lemma. The second solution to the quadraticequation can be ruled out

because does not lie in the interval [1/2, 1]. �

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′1 =
∂q1(∆p; β)
∂∆p

= −
∂q1(∆p; β)
∂p1

= −
∂q2(∆p; β)
∂∆p

= −
∂q2(∆p; β)
∂p2

= β · x̂′1(∆p) + (1− β) · ˆ̂x′1(∆p)

= − 1
4t

(1− 3β) − (1− β)
2(S(∆p))

(

∆p
8t2
− (λ + 2)

2t(λ − 1)

)

︸                ︷︷                ︸

⊖

One can show thatq′1 > 0 ∀∆p feasible and∀β. At the boundaries we have

q′1(0;β) = − 1
4t

(1− 3β) + (1− β) (λ + 2)
2t(λ − 1)

> 0

lim
∆p↑∆p̄

q′1(∆; β) = ∞ for β < 1 sinceS(∆̄p) = 0.

Consider the curvature of the demand of firm 1.

q′′1 (∆p; β) = (1− β) · ˆ̂x′′1 (∆p) = (1− β) ·
(3+ λ)(5+ 3λ)
64t2 · (S(∆p))3

≥ 0

q′′1 > 0 ∀∆p feasible and∀β < 1 sinceS(∆p) ≥ 0. At the boundaries we have

q′′1 (0;β) = (1− β) · (3+ λ)(5+ 3λ)

32t2 · (λ+1)3

(λ−1)3

> 0
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lim
∆p↑∆p̄

q′′1 (∆p; β) = ∞ for β < 1.

It can be also shown thatq′′1 (∆p; β, λ) is increasing in∆p andλ.

Equilibrium existence in duopoly with constant weights equal to one:

Proof of Proposition 1.In this proof we rule out non-local deviations from symmetric

price equilibrium in the duopoly case i.e., when firms only compete in their neighboring

sub-markets. Let firmi be the deviating firm. It has been shown that firmi’s profit is

concave if the price difference∆p is sufficiently small — i.e.,∆p is negative or not too

positive. Therefore, non-local price increases are never profitable. Since the “convexity”

of firm i’s profit increases in∆p, firm i’s most profitable price deviation is a price reduction

stealing the entire demand of loss-averse consumers.31

We next derive the critical upper bound of the degree of loss aversion for which stealing

the entire demand of loss-averse consumers is not profitable. To steal the entire market,

firm i sets a deviation pricepd
i = p∗ − ∆pmax. Forβ = 0, the firmi’s deviation profit,πd

i ,

can be expressed as follows,

πd
i = (pd

i − c) · 1 = (p∗ − c) − ∆pmax (33)

Firm i’s profit in symmetric equilibrium is equal to

π∗i = (p∗i − c) · qi(0) =
(p∗ − c)

2
(34)

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

π∗i (λ) ≥ πd
i (λ)

⇔ ∆pmax(λ) ≥ p∗(λ) − c
2

by (33) and (34)

⇔
(λ + 3)t
2(λ + 1)

≥
t

2− (λ−1)
(λ+1)

by (10) and (13)

⇔ (λ + 3)2 ≥ 2(λ + 1)2

⇔ λ S 1± 2
√

2.

31The intuition behind this result is that for sufficiently large price differences loss-averse consumers
excessively avoid to buy the more expensive product. Furthermore, this avoidance is the larger the higher
the degree of loss aversion. This holds true because the convexity of firm i’s demand increases in the degree
of loss aversion i.e.,∂q′′i /∂λ > 0.
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Sinceλ > 1, we receive the unique solutionλ ≤ λc ≡ 1+ 2
√

2. �

Proof of Proposition 2.For β > 0, firm i’s demand from setting the uniquely optimal

deviation pricepd
i extends toqi(∆pmax) = (1− β) + β(1/2+ ∆pmax/(2t)).32 Therefore, her

deviation profit becomes,

πd
i (λ, β) =

(

(p∗(λ, β) − c) − ∆pmax(λ)
)(

(1− β) + β(
1
2
+
∆pmax(λ)

2t
)
)

, (35)

wherep∗(λ, β) is given by (13) and∆pmax(λ) by (10). Moreover, firmi’s profit in sym-

metric equilibrium is equal toπ∗i (λ, β) = (p∗(λ, β) − c)/2. This yields the following non-

deviation condition inλ > 1 andβ ∈ [0, 1),

π∗i (λ, β) ≥ πd
i (λ, β)

⇔ ∆pmax(λ)
(

1+
β

2
(
∆pmax(λ)

t
− 1)

)

≥
p∗(λ, β) − c

2

(

1+ β(
∆pmax(λ)

t
− 1)

)

Solving forβcrit as a function ofλ such thatπ∗i (λ, β) ≥ πd
i (λ, β) for β ≥ βcrit , leads to the

following result:

1. for λ ∈ (1, 1+ 2
√

2]

π∗i (λ, β) > π
d
i (λ, β) for all β ≥ 0,

2. for λ ∈ (1+ 2
√

2, λ̃], (i.e. ∆pmax= ∆p̃)

βcrit
0 (λ) ≡ 1− −λ(5λ + 14)+

√
(3λ + 5)(λ(11λ(λ + 5)+ 113)+ 77)− 13

2(λ − 1)(λ + 3)
, (36)

3. for λ > λ̃, (i.e.∆pmax= ∆p̄)

βcrit
1 (λ) ≡ 1−

37λ3 − 21Γλ2 + 177λ2 − 54Γλ + 247λ − 21Γ −Ω + 83
2
(

12λ3 − 7Γλ2 + 46λ2 − 10Γλ + 8λ + 17Γ − 66
) (37)

withΩ ≡ (4λ6−2Γλ5+1596λ5−918Γλ4+19848λ4−9316Γλ3+91384λ3−31228Γλ2+

197268λ2 − 42618Γλ + 201868λ − 20366Γ + 78880)1/2 andΓ ≡
√

3λ2 + 14λ + 15.

Forλ→ ∞ it holds thatβcrit
1 (λ)→ 1− −37+21

√
3+
√

4−2
√

3

−24+14
√

3
≈ 0.577.

32Sinceqi is a convex combination of̂̂xi andx̂i , pd
i = p∗ − ∆pmax remains the uniquely optimal deviation

for β < 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 weights). Suppose that there are two

firms in the market and all consumers are loss averse (β = 0) with varying weights on the

two dimensions of loss aversion (1 ≥ αp, αm > 0). A symmetric equilibrium with prices

p∗ = c+
t

1− 1
2

(2αmλ−αp(λ+1))
(αmλ+1)

for all i ∈ {1, 2} exists if and only if1 < λ ≤ λc(αp, αm) with

λc(αp, αm) = 1+

√
2(1+ αm)(1+ αp)

√

αm(1+ αm)αp(1+ αp)
. (38)

Moreover,λc(αp, αm) ≥ λc(1, 1) = λc = 1+ 2
√

2.

Proof of Proposition 6.Analogously to the proof of Proposition 1, a deviation from sym-

metric equilibrium is not profitable if and only if

π∗i (λ, αp, αm) ≥ πd
i (λ, αp, αm)

⇔ ∆pmax(λ, αp, αm) ≥
p∗i (λ, αp, αm) − c

2
by (33) and (34)

⇔ (2+ αm + αmλ)t
2+ 2αpλ

≥ t

2− (2αmλ−αp(λ+1))
(αmλ+1)

⇔ λ S 1±
√

2(1+ αm)(1+ αp)
√

αm(1+ αm)αp(1+ αp)
.

The unique positive solution equalsλ ≤ λc(αp, αm) ≡ 1+(
√

2(1+αm)(1+αp))/
√

αm(1+ αm)αp(1+ αp).

�

B.2 Maximal Equilibrium Existence in n-Firm Oligopoly

In n-firm oligopoly there might arise profitable non-local deviations by stealing consumers

in distant sub-markets. We next establish existence of symmetric maximal equilibria in
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this setup.33 Although conditions for existence carry over from the duopoly case forn

sufficiently large, there might arise additional existence problems in markets with a small

number of firms when consumers are loss averse up to the level that constitutes the upper

bound of the duopoly case (λc ≈ 3.828). As mentioned before, in contrast to Heidhues and

Koszegi (2008), in our setup consumers observe prices ex ante and adjust their reference-

point distributions to price deviations.

We restrict the analysis to the most demanding case: All consumers are loss-averse (β =

0). Divide the circle of lengthL = n into 2n sub-markets of length 1/2. Thus, there are

n sub-markets on each half of a circle and 2 between each pair ofneighboring firms. In a

symmetric maximal equilibrium , a firm located atyi serves all consumers on the left and

the right neighboring sub-market—i.e., all consumersx within [yi − 1/2;yi + 1/2].34

Due to symmetry, it suffices to consider deviations on one half of the circle only and to

locate the deviating firm aty1 = 0. This firm (=firm 1) is supposed to deviate from the

symmetric maximal equilibrium by lowering its price. If it attracts consumers up to the

mth sub-market (on the first half of the circle), firm 1’s (right) indifferent consumer is

located atˆ̂x+1 ∈ [ (m−1)
2 ,

m
2 ] with 2 ≤ m ≤ n. Its total demand equals 2ˆ̂x+1/n due to the

uniform distribution ofx. Loss-averse consumers who expectˆ̂x+1 to be located in themth

sub-market for given prices, form the following reference-point distribution with respect

to the match-value dimension,

• for evenm:

Gm(s|n) =






2
n(n− (m− 2))s, s ∈ [0, 1− ( ˆ̂x+1 −

m−2
2 )];

2
n(n− (m− 1))s+ a( ˆ̂x+1 ,m, n), s ∈ (1− ( ˆ̂x+1 −

m−2
2 ), 1

2];
2
ns+ b( ˆ̂x+1 ,m, n), s ∈ (1

2,
ˆ̂x+1 ].

with a( ˆ̂x+1 ,m, n) = (m−1)/n−2ˆ̂x+1/n andb( ˆ̂x+1 ,m, n) = 1−2ˆ̂x+1/n being the required

constants for the kinked cdf.

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

34Since the set of consumers is restricted to mass one andx is uniformly distributed on [0;n], the demand
of firm i on [yi − 1/2;yi + 1/2] is equal to 1/n.
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• for oddm:

Gm(s|n) =






2
n(n− (m− 1))s, s ∈ [0, ˆ̂x+1 −

m−1
2 ];

2
n(n− (m− 2))s+ ã( ˆ̂x+1 ,m, n), s ∈ ( ˆ̂x+1 −

m−1
2 ,

1
2];

2
ns+ b̃( ˆ̂x+1 ,m, n), s ∈ (1

2,
ˆ̂x+1 ].

It can be easily seen that both distributions coincide forˆ̂x+1 reaching the boundaries be-

tween two neighboring sub-markets: e.g., forˆ̂x+1 = 1 G2(s|n) = G3(s|n) and for ˆ̂x+1 = 3/2

G3(s|n) = G4(s|n) and so on. Forn = m= 2, we are back in the duopoly case.

To see how the reference-point distributions can be derived, consider the case ofm = 3

andn ≥ 3: ˆ̂x+1 ∈ [1; 3/2] means that the deviating firm 1 steals all consumers up to the

location of its right neighbor (firm 2 located aty2 = 1) and some even in the neighbor’s

backyard market. Therefore, an equilibrium taste differenceswithin [0; ˆ̂x+1 −1] ⊆ [0; 1/2]

can be expected by consumers on each of then sub-markets on the first half of the circle,

except for the two sub-markets neighboring firm 2 (m = 2, 3). This holds true since

consumers who turn out to be located in these two sub-markets, will be attracted by the

deviating firm 1 which is located further apart, while consumers on all other sub-markets

will buy from the firm closest by. The resulting probability of facing a taste difference in

this interval equals (2/n)(n − 2)s. An equilibrium taste differences ∈ ( ˆ̂x+1 − 1; 1/2] can

be expected onn − 1 sub-markets (on the first half of the circle) since also consumers

on sub-marketm = 3 with x ∈ ( ˆ̂x+1 ; 3/2] will be buying from their closest firm, which is

firm 2 located aty( ˆ̂x+1 )2 = 1. Thus,G3(s|n) is equal to 2/n(n− 1)s plus a constant in this

interval. Facing an equilibrium taste differences ∈ (1/2; ˆ̂x+1 − 1] = (1/2; 1]∪ (1; ˆ̂x+1 − 1],

there is each time one particular sub-market consumers expect to be located in:m= 2 for

s ∈ (1/2; 1] andm = 3 for s ∈ (1; ˆ̂x+1 − 1]. Hence, the probability ofs ∈ (1/2; ˆ̂x+1 − 1] is

equal to 2/n · s plus a constant.

From the functional form ofGm(s|n) it follows directly that, for givenn, a distribution with

a higherm first-order stochastically dominates the ones with lowerm. This is because

consumers expect to be attracted by the deviating firm with a higher probability when it

steals a large market share. Therefore, buying from the closest firm becomes less likely:

Consumers put less weight on taste differences less than 1/2 and positive weight on taste

differences greater than 1/2.35 An increase in the number of firms has exactly the opposite

effect to an increase in the number of stolen sub-markets by the deviating firm: For a

35For this updating behavior the observability of prices is crucial. In contrast to this, consumers in
Heidhues and Koszegi (2008) cannot adjust their reference point to 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 small taste differences if the

number of firmsn increases. Here, the chance of being affected by a price cut of a single

firm simply washes out if the total number of firms increases without bound.

The probability of buying from the deviating firm 1 (=probability of facing purchase

price p1) is ˆ̂x+1 in the duopoly and generalizes to 2ˆ̂x+1/n in then-firm case. The intuition

for this mirrors the one just given above: If the number of firms rises, consumers are

less likely to be affected by a price cut of a single firm. Using the generalized reference-

point distribution in both dimensions, we can derive a generalized demand function for

symmetric markets withn firms. Consider, for instance, the indirect utility functions of

a consumerx who has learned to be located in sub-marketm (with m even) which is

the sub-market consumers ex ante expected the indifferent loss-averse consumer to be

located in,36 given prices (p1 < p∗). Moreover, suppose this consumer is the indifferent

loss-averse consumer on this side of the circle,x = ˆ̂x+1 ∈ [(m− 1)/2;m/2]. Then, her

indirect utility if buying from the deviating firm 1 can be expressed as follows,37

u1( ˆ̂x+1 , p1, p
∗, ..., p∗) =v− t ˆ̂x+1 − p1 +



1−
2ˆ̂x+1
n



 (p∗ − p1)

− λt
( ∫ 1−( ˆ̂x+1−

(m−2)
2 )

0
( ˆ̂x+1 − s)

2
n

(n− (m− 2))ds

+

∫ 1/2

1−( ˆ̂x+1−
(m−2)

2 )
( ˆ̂x+1 − s)

2
n

(n− (m− 1))ds+
∫ ˆ̂x+1

1/2
( ˆ̂x+1 − s)

2
n

ds
)

=v− t ˆ̂x+1 − p1 +



1−
2ˆ̂x+1
n



 −
λt
4n

(

−8(ˆ̂x+1 )2 + 4(m+ n) ˆ̂x+1 − ((m− 1)m+ n)
)

.

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

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

In the taste dimension she faces the maximum loss (second andthird line). If buying from

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

u1+m/2( ˆ̂x+1 , p1, p
∗, ..., p∗) =v− t(1− ( ˆ̂x+1 −

(m− 2)
2

)) − p∗ − λ




2ˆ̂x+1
n



 (p∗ − p1)

− λt
∫ 1−( ˆ̂x+1−

(m−2)
2 )

0
(1− ( ˆ̂x+1 −

(m− 2)
2

) − s)
2
n

(n− (m− 2))ds

36We use this latter condition here, since, as we show later, the mapping from∆p = p∗ − p1 ∈ R+0 into
m ∈ [2, 3, ..., n− 1, n] is not a function but a correspondence—i.e., for given price difference∆p, there may
exist several personal equilibriâ̂x+1 within different sub-markets.

37Compare the indirect utility function form = 2 in the proof of Lemma 1 and consult Section 2 for a
detailed exposition of the utility function with referencedependence.
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+ t
( ∫ 1/2

1−( ˆ̂x+1−
(m−2)

2 )
(s− (1− ( ˆ̂x+1 −

(m− 2)
2

)))
2
n

(n− (m− 1))ds

+

∫ ˆ̂x+1

1/2
(s− (1− ( ˆ̂x+1 −

(m− 2)
2

)))
2
n

ds
)

=v− t(1− ( ˆ̂x+1 −
(m− 2)

2
)) − p∗ − λ





2ˆ̂x+1
n



 (p∗ − p1)

+
t

4n

(

4(2− (λ − 1)n̄)( ˆ̂x+1 )2 + 4(((λ − 1)n̄− 1)m+ n) ˆ̂x+1

+ ((1− (λ − 1)n̄)m− 2n− 1)m+ n
)

,

with n̄ ≡ ((n−m) + 2). Here, the indifferent loss-averse consumer only faces a loss in the

price dimension but losses and gains in the taste dimension.38 By settingu1 = u1+m/2, we

can solve the consumers’ personal equilibrium and determine ˆ̂x+1 for givenn and given that

ex ante consumers expectˆ̂x+1 ∈ [(m−1)/2;m/2] for given prices.39 Firm 1’s demand from

loss-averse consumers in even sub-marketm, q1(∆p|m, n, β = 0), is then characterized by

2ˆ̂x+1/n. Firm 1’s demand for odd sub-marketsm can be derived analogously.

To analyze whether deviations to sub-marketsm, m ≥ 3, are profitable, we first consider

consumers located on the boundaries of the sub-markets,ˆ̂x+1 = 1, 3/2, ..., (n− 1)/2, n/2.

For ˆ̂x+1 being an integer, firm 1 attracts consumers up to the locationof a competing firm,

while for ˆ̂x+1 = j + 1/2, j ∈ N, it also attracts the entire backyard market of competitor

j. As is known from the standard Salop oligopoly, the price differences for̂̂x+1 = j and
ˆ̂x+1 = j + 1/2 coincide. This means that firm 1’s demand has a discontinuous jump of

size 1/2 · 2/n = 1/n at this price difference. It can be shown, however, that despite this

feature non-local deviation are never profitable in the standard Salop model. To check this

in a world with loss-averse consumers, we next derive the deviation price differences for
ˆ̂x+1 = 1, 3/2, ..., (n− 1)/2, n/2. For a deviation covering an even number of sub-marketsm

(resp. an odd number of sub-marketsm′ = m− 1), replaceˆ̂x+1 in u1 − u1+m/2 = 0 by m/2

38Cf. the proof of Lemma 1 wherem= 2.
390 = u1 − u1+m/2 is equivalent to

0 =
(

(n−m) + 4
)

(λ − 1)t · ( ˆ̂x+1 )2 −
(

(((λ − 1)m+ λ + 3)n− (λ − 1)(m− 3)m) t − 2(λ − 1)∆p
)

· ˆ̂x+1

+
1
4

(

8n∆p+ nt
(

(λ − 1)m2 + λ + 4m− 1
)

− (λ − 1)m((m− 3)m+ 1)t
)

.

We do not present the functional form ofˆ̂x+1 (∆p|m, n) here for two reasons. First of all, it is lengthy and
tedious to derive, asui − ui+m/2 = 0 describes a quadratic equation inˆ̂x+1 . Secondly, since we are mainly
interested in deviations to the boundaries of a sub-marketm, we can fix ˆ̂x+1 at (m− 1/2) or m/2 and solve
for the corresponding price difference∆p.
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(resp. (m− 1)/2) and solve for∆p.

∆peven(m, n) =

(

2(λ + 1)m− (λ − 1)
)

n+ (λ − 1)(m− 1)m

4(λ − 1)m+ 8n
t, m even andn ≥ m≥ 2,

∆podd(m′, n) =

(

2(λ + 1)n− (λ − 1)(m′ − 1)
)

(m′ − 1)

4(λ − 1)m′ + 8n
t, m′ odd andn ≥ m′ ≥ 3.

It can be shown that both deviation price differences are increasing inm andn. The first

implication of this is very intuitive: For a given number of firmsn, attracting consumers

on more sub-marketsm requires a larger price difference—i.e., a larger price cut by the

deviating firm. Secondly and more interestingly, if the number of firmsn increases, a

larger price cut is necessary to steal a given number of sub-marketsm. The intuition for

this is that, for a larger number of firms, consumers expect tobe less often affected by a

certain price cut of a single firm and, therefore, expect their equilibrium taste difference

to be low. This increases the loss in the taste dimension for those consumers who ex post

happen to buy from the more distant deviating firm, and this makes it more difficult for

the deviating firm to steal a large share of the market. Consider for example two markets

with n = 3 and 5, (λ = 3, t = 1): ∆peven(2, 3) = 19/20 < ∆peven(2, 5) = 33/28 <

∆peven(4, 5) = 7/4. Similarly,∆podd(3, 3) = 5/6 < ∆podd(3, 5) = 9/8 < ∆podd(5, 5) = 8/5.

It can also be seen here that the price difference necessary to steal the entire backyard

sub-market of a competitor is lower than the one necessary tosteal consumers up to the

location of this competitor—i.e.,∆podd(m + 1, n) < ∆peven(m, n). This demonstrates a

violation of thelaw of demandwhich is caused by the fact that consumer’s indirect utility

functions if buying the cheap or the most-liked product are decreasing in consumer’s

location x on odd sub-markets. Hence, to describe a personal equilibrium, ˆ̂x+1 must be

decreasing in∆p on odd sub-markets. This makes deviations under which the deviating

firm steals an odd number of sub-markets particularly profitable, as will be shown in

the next paragraph. In the example, the demand of the deviating firm is given bym/2 ·
2/n = m/n and the corresponding markup in symmetric maximal equilibrium equals

m∗(3) = 3/2 andm∗(5) = 5/3. This illustrates that the deviation price difference might

become larger than the maximal equilibrium markup if the number of firmsn and the

number of deviationsm become sufficiently large: In the example we findm∗(5) = 5/3 <

∆peven(4, 5) = 7/4. Therefore, those kind of deviations generate losses for the deviating

firm and are, therefore, never optimal.

We next evaluate whether there exist profitable deviations from the symmetric maximal

equilibrium withn > 2 firms andλ ≤ λc = 1 + 2
√

2 ≈ 3.828 (compare Prop. 1). The
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Table 2: Deviation profits withn firms

The table shows the variation ofπodd(m, n)/t andπeven(m, n)/t in n and
m for λ = λc = 1+ 2

√
2 (andβ = 0).

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

maximal equilibrium profit,π∗(n), can be expressed by

π∗(n) = m∗(n) ·
1
n
=

(1+ λ)t
(λ − 1+ 2n)

,

with maximal equilibrium markup,m∗(n), derived in Section 4.40 The deviation profits

for even and odd deviations are equal to

πeven(m, n) =
(

m∗(n) − ∆peven(m, n)
)

·
m
n

πodd(m′, n) =
(

m∗(n) − ∆podd(m′, n)
)

· m
′

n
.

Deviation profits change monotonously innandm: πodd(m, n) andπeven(m, n) are monotonously

decreasing inn andm. This is shown in Table 2, where we restrict attention toλ = λc,

the highest level of loss aversion at which a symmetric maximal equilibrium exists for

n = 2.41 The table illustrates that deviating becomes less profitable if the number of firms

n in the market increases42 and that within the class of odd (resp. even) deviations stealing

a small number of sub-marketsm is preferable to stealing a larger number of sub-markets.

Moreover, it is depicted that for a given number of firmsn stealing an odd number of

sub-marketsm′ = m+ 1 is more profitable than stealing an even number of sub-markets

m. Thus, the deviation profit is highest in a three-firm oligopoly when the deviating firm

40Cf. equation (32).
41For smaller levels of loss aversionλ > 1 deviating is less profitable, but the monotonicity inn andm is

preserved.
42This also implies that non-local deviations in the home market (m = 2), as considered in the duopoly

case, are less profitable ifn raises.
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Table 3: Extra profit from deviating

The table shows the variation of (πodd(m, n)− π∗(n))/t and (πeven(m, n)−
π∗(n))/t in n andm for λ = λc = 1+ 2

√
2 (andβ = 0).

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

steals the entire market (m= 3).43

To identify the deviations that are the most critical for existence, the difference between

deviation and maximal equilibrium profit are presented in Table 3.44 It can be seen that

there exist profitable deviations from symmetric maximal equilibrium for λ = λc. How-

ever, only deviations stealingm = 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 firmsnodd(m, λ) in πodd(m, n) − π∗(n) = 0.45

nodd(m, λ) = (λ − 1)
(λ +m)m+

√(

mλ2 + 2(3(m− 2)m+ 4)λ + (m− 2)(m+ 6)m+ 8
)

m

4(λ + 1)(m− 2)

Deviating is profitable for givenλ, m, andn if n < nodd(m, λ) andm ≤ n. Moreover,

nodd(m, λ) is strictly decreasing inm for nodd(m, λ) > mand strictly increasing inλ. There-

fore, m = 3 is the most critical deviation and profitable forn < nodd(3, λc) ≈ 6.3890.46

To rule out deviations from symmetric maximal equilibrium for all n ≥ 2, the maximum

degree of loss aversionλ has to be belowλc = 1+ 2
√

2 ≈ 3.828.

Before stating the conditions for symmetric maximal equilibrium to exist, we return to

the issue of multiple personal equilibria for given prices.Since∆podd(3, n) < ∆peven(2, n),

consumers facing a price difference∆p = ∆podd(3, n) between the deviating firm and non-

deviating firms could expect̂̂x+1 to be located either on the second or the third sub-market

43m = 1 can be excluded since∆podd(1, n) coincides with∆p∗(n) = 0, the symmetric maximal equilib-
rium.

44By construction,πeven(2, 2) = π∗(2) atλ = λc (cf. Prop. 1).
45nodd(m, λ) being the only positive solution.
46A critical n can be derived for even deviations analogously. We skip thisstep here since even deviations

are dominated by odd ones in any case.
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(on the first half of the circle). Expectingm= 3 rather thanm= 2 given∆p = ∆podd(3, n)

is preferable for the deviating firm because it receives a strictly larger market share but

is not necessarily preferable for consumers. For instance,consumers who do not buy the

lower-priced product will ex post experience a higher loss in the price dimension since the

probability of low purchase price increases inˆ̂x+1 .47 Therefore, the deviations considered

above use the most conservative personal equilibrium and deliver the strictest conditions

for a maximal equilibrium to exist.

Lemma 3. A symmetric maximal equilibrium with n firms and prices, p∗(n) = m∗(n)+c =

((1+ λ)nt)/(λ − 1+ 2n) + c, exists if n≥ nodd(3, λ) with λ > 1.

The derivation ofnodd(m, λ) and the relevance ofnodd(3, λ) is provided in the text. We

finally provide a proof of Proposition 4.

Proof of Proposition 4. nodd(3, λc) ≈ 6.3890. Thus,n = 2 or n > 6 suffice for existence

at λ = λc.48 Maximal equilibrium existence holds for 1< λ < λc sincenodd(3, λ) is

increasing inλ. Existence forn ∈ {3, 4, 5, 6} follows from the same property:nodd(3, λ) =

3 for λ = λcc = 1/4
(

1+
√

57
)

≈ 2.137. �

Hence, existence in the duopoly case carries over to then-firm oligopoly case for suffi-

ciently largen. For symmetric markets with a small number of firms, however,maximal

equilibrium might fail to exist for intermediate values ofλ (λ < λc).

C Figures

The two figures show that a decrease in the weight on the price dimension of loss aversion,

αp, has the same qualitative effect on the difference between the demand of loss-averse

consumers and standard consumers as an increase in the number of firms n. This carries

over to markups. In both cases markups increase.49

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

48The former case is shown in Prop. 1.
49Compare the markup formula in (22) forαp = 0.5 and (31) forn = 8.



Consumer Loss Aversion and Competition in Differentiated Product Markets 44

0.0 0.2 0.4 0.6 0.8 1.0 1.2

0.6

0.7

0.8

0.9

1.0

∆p

x̂1(∆p) : dotted, ˆ̂x1(∆p|αp = 0.5) : solid

Duopoly demand of standard and loss-averse consumers as a function of∆p for pa-
rameter values oft = 1, λ = 3,αm = 1, andαp = 0.5.

Figure 8: Demand of standard and loss-averse consumers (αp = 0.5)
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Figure 9: Demand of standard and loss-averse consumers (n = 8)
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