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Abstract

I analyse a model of partially directed search where searchers decide
which firm to visit based on correct, but incomplete, information about
firms’ prices. Firms’ pure strategies are allowed to be price distributions and
in the unique symmetric pure-strategy equilibrium the price distributions
are nondegenerate. The model’s results rationalise empirical observations
on promotions and changes in consumer prices: the lowest offered prices are
unprofitable, the pdf of the price distribution is increasing, and the lowest
prices are decreasing in the number of firms and the search cost.
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1 Introduction

In 2014 firms worldwide spent about one trillion USD on trade promotions, mostly
price discounts (Nielsen, 2015).[] But about 60% of the promotions did not break
even (McKinsey, 2019). Why do firms offer such unprofitable price promotions?
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! According to Nielsen| (2015), trade promotions are marketing activities other than advertising
that retailers and manufacturers use to induce people to buy. These activities include price
discounts, bonus programs, and gifts.



One plausible answer is that firms internalise that search is costly and offer pro-
motions to attract consumers to their stores. Because of search costs, some of the
attracted consumers buy more products than only those on promotion. Others
are attracted by the promotion, but will visit only when it is over. A firm that
understands this, thus, takes into account that a distribution of prices that it sets
across products or over time are all relevant for its profits.

Even though search costs matter for promotions in reality, search models to
date fail to account for unprofitable promotions.ﬂ My paper fills the gap: I present
a model where consumers search for a low price and firms offer unprofitable pro-
motions in equilibrium.

The paper makes three contributions. First, I propose a parsimonious model
to think about search markets where the prices that firms set across products or
over time are related: one price can determine the demand of another product or
at another point in time. My model makes a novel prediction, while confirming
some findings in the seminal models of [Stahl (1989) and [Spiegler| (2006) | The
novel prediction is that the lowest equilibrium prices decrease as search becomes
costlier. Second, the model’s results rationalise several empirical observations on
promotions and consumer prices; I explain them in detail below. Third, I generalise
the method in Spiegler| (2006) to determine whether a profile of distributions is a
pure-strategy equilibrium. The generalised method accommodates different payoff
functions and can be used to derive equilibria in distributions in other models.

In my model, homogeneous consumers sequentially search for a product (bas-
ket) at a low price. They value each product equally. A fixed number of ho-
mogeneous firms sell the product at a common marginal cost. Firms set prices
and their pure strategies are price dz’stributz’onsﬁ Prior to search, each consumer
sees a sample of price signals for free: one randomly drawn price from each firm’s

distribution. By assumption, a consumer partially directs his search: he visits the

2The literature review is at the end of the Introduction.

3The models’ comparative statics are compared in Table |1} on p.

4Setting a price distribution as a pure strategy is conceptually very different from mixing
over singleton prices. For the sake of illustration, let a price distribution be the prices across
different days in a month. In an equilibrium where a firm mixes over singleton prices, it must
earn the same profit each day. Conversely, in a pure-strategy equilibrium where a firm’s strategy
is a distribution of prices, the firm optimises its prices over the month: it may be optimal to
make a loss on some days and earn a profit on others.



firms in an ascending order according to their price signals in his sampleﬂ When
the consumer visits a firm, his actual price offer is a new price draw from the
firm’s price distribution. If the consumer does not like his price offer, he continues
to search. If he likes the offer, he buys and stops searching. Getting a price offer
costs the consumer a constant search cost.

Before describing the model’s results, I comment on two of its assumptions.
The first assumption is that firms’ pure strategies are price distributions. A price
distribution at a firm can be seen as a distribution across the firm’s broad set of
products’ prices or across the firm’s product’s price over time. The assumption is
supported by empirical evidence. Retailers offer a very large selection of products,
and the prices of individual products change frequently.ﬂ Also, empirical evidence
suggests that firms set prices, including promotions, long in advanceﬂ

The second assumption is that consumers get price signals before searching.
The signals can be interpreted as stemming from the consumer’s own or his friend’s
past search, for a similar product. Another interpretation is that the consumer
learns partial, potentially outdated, information about the price of the product
basket that he intends to buy, e.g., that some products that he seeks were on sale.
If a firm sets a nondegenerate distribution in my model’s equilibrium, a consumer’s
price signal and offer may differ, which reflects the idea that the consumer might
look for a somewhat different product basket today than in the past or that he
reaches a firm after its sale ends. But a price signal and offer are equal if the firm
sets a degenerate price distribution; e.g., the consumer is offered the regular price
for sure if the firm’s product is never on sale.

The model’s results are as follows. In the unique symmetric pure-strategy equi-
librium the price distributions are nondegenerate. A singleton-price equilibrium
fails to exist because a firm profits from deviating to two prices if others set one.

The firm can set one price a bit below and the other above the proposed equi-

>The visiting rule can be seen as a tie-breaking rule in symmetric equilibria. I show that it is
a consumer-optimal ordinal tie-breaking rule (see Section [5.1)). The paper’s results remain valid
if only some consumers use this visiting rule and if only firms expect them to do so (see Section
. Alternatively, consumers who use the rule can be thought of as boundedly rational; an
interpretation favoured by |Spiegler| (2006) and in line with |(Osborne and Rubinstein| (1998)).

6See, e.g., Shaffer (2005) or |Quan and Williams) (2018) on retailers’ product variety and [Bils
and Klenow| (2004)) or Dhyne et al.| (2006]) on frequent price changes.

’See, e.g., Sinitsyn| (2017)) or |Anderson and Fox| (2019).



librium price, with equal probabilities. The firm attracts half of the consumers,
which makes the deviation profitable as long as there are at least three firms.

In a symmetric equilibrium consumers correctly expect the average price to
be the same across firms so a natural question is why consumers would partially
direct search according to their price signals. I show that the signal-ascending
visiting rule is a consumer-optimal ordinal tie-breaking rule because it leads to a
symmetric equilibrium with the lowest expected price (see Section .

The first interesting equilibrium feature is that the lowest offered prices are
below the marginal cost. In other words, they resemble unprofitable price promo-
tions. Such prices are never offered in equilibria of models where firms set singleton
prices, which contradicts the empirical fact that worldwide a large fraction of price
promotions are unprofitable (Nielsen, 2015; McKinsey, 2019).

The second interesting feature is the shape of the price distribution: the density
is increasing. If the price distribution is interpreted as a distribution across time,
this means that price decreases are less frequent, but larger in magnitude, than
price increases. This pattern of consumer price changes holds both in the US and
in the euro area (Dhyne et al., 2006; Nakamura and Steinsson, 2008).

The third interesting feature is that the lowest equilibrium prices decrease in
the search cost, which is a novel prediction of my model, and in the number of
firms. These two predictions rationalise the empirical fact that price decreases are
larger in the US than in the euro area (Dhyne et al., 2006)ﬂ On the one hand,
search costs are likely larger in the US because both the GDP per capita is higher
and supermarkets are further from households in the US than in Europe (World
Bank], [2021; (Cant|, 2019). On the other hand, the retail sector is more competitive
in the US (Dhyne et al., 2006)). In sum, my model offers a new explanation based
on search costs to why price changes are larger in the US than in the euro area.

I also discuss two extensions and alternative interpretations of the model. In
particular, I argue that the assumption that consumers direct their search is a
natural one because the visiting rule is a consumer-optimal ordinal tie-breaking
rule. I also comment on the importance of an analyst’s choice of firms’ strategy

spaces. Last, I discuss three alternative interpretations of my model. Despite its

8In fact, my model also rationalises the fact that price increases are larger in the US than
the euro area (Dhyne et al.l 2006]) because the highest prices increase in the search cost.



parsimony, the model has interesting implications when interpreted as a model of
a labour market, of disciplined deception, or of endogenous price stickiness.

Literature. Most of prior search literature assumes that searchers have either
no information or perfect information about the price (or wage) offers that they
would get at different firms; my model is in betweenﬂ Others have studied ordered
search or partially directed search based on non-price or full price informationEl
In all these models, if a searcher uses price information to direct search, he knows
what singleton price he is offered at a firm. In contrast, in my model he can get
a different price offer than the one he directs search on.

In most other search models that feature price dispersion, the dispersion is

across rather than within firms[] An exception is (1977), where a mo-
nopolist posts a price distribution. In (1977)), in contrast to my model, all

prices exceed the marginal cost. In other search models where a firm sets different
prices for different units of the same product, the firm discriminates between con-
sumers[”| In contrast, in my model firms cannot discriminate between consumers.
In and other models of sales where firms’ pure strategies are
singleton prices, firms never set prices below the marginal cost, in contrast to
my modelfﬂ But models of loss leaders exist where firms charge prices below
the marginal cost to attract consumers and other prices to make proﬁtsﬂ These
papers do not analyse sequential search, including the effects of the search cost.
The rest of the paper is as follows. Section [2| describes the model. Section
derives the equilibrium in price distributions. Section 4] contains two extensions

and Section [o] the discussion. Section [6] concludes.

?See |Stigler| (1961) and Moen| (1997) for the seminal papers on random and directed search.
0For papers on consumer search see, for example, Weitzman| 1979[), |Arbatskaya] (IQOO?[),
|Armstrong et al.| (2009), Wilson| (2010), Armstrong and Zhou| (2011)), [Haan and Moraga Gonzélez
(2011)), |Zhou! (2011)), Armstrong| (2017)), |Choi et al.| (2018), |Ding and Zhang| (2018), Garcia and
Shelegial (2018), [Haan et al.| (2018)), [Parakhonyak and Titoval (2018), |Teh and Wright| (2020)),
Anderson and Renault| (2017)), |Choi and Smith| (2020)), and |Obradovits and Plaickner| (2020)).
For early papers on advertising (where an ad reveals a product’s feature), see Butters (1977)) or
\Grossman and Shapiro| (1984). For search directed by cheap talk messages, see Menzio| (2007).
*See, for example, |Burdett and Judd| (]1983[), |Stahl| (]1989[), and the many papers that follow.
12For discrimination based on consumer characteristics, see, e.g., |Fabra and Reguant| M or
Mauring| (2021), and based on behaviour, [Armstrong and Zhou| (2016) or Kaplan et al.| (2019).
I3In|Sobel| (1984)), |Albrecht et al.| (2013), and [Dilmé and Garrett| (2021)) firms use sales to price
discriminate over time and in Rudanko| (2021) to respond to reductions in production costs.
14See |Gerstner and Hess| (1990)), Spiegler| (2006), Weinstein and Ambrus| (2008)), and (Chen and|

Rey £013)




2 Model

Firms. A number n > 2 of profit-maximising firms produce a product at an
identical marginal cost ¢ > 0. Firm ¢’s pure strategy is a, potentially degenerate,
price distribution Fj(p). Technically, a pure strategy of firm i, F;(p), is a cdf
from the space of all cdfs defined on R, which I denote by F: F;(p) € F where the
function Fj(py) : R+ [0, 1] is defined by Fi(p1) := Pr(p < p1). The distribution F;
can be continuous, discrete, or mixed. If a firm sets a nondegenerate distribution
in equilibrium, then one interpretation of the price distribution is that the firm
asks different prices for different products or product baskets that it sells. Another
interpretation is that the firm chooses in advance the price of its product for a
time interval [

Consumers. A unit mass of homogeneous consumers with a unit demand each
are looking for a product at a low price. A consumer’s valuation for the unit of
a product is v = 1 so if he buys at the price offer p°, his net utility is 1 — p°.
Consumers can always get zero utility by not buying. A consumer’s strategy
specifies at which price offers to buy and at which to continue searching.

Information and price offers.  Consumers are partially informed about the
firms’ prices. In particular, before starting to search a consumer gets a sample
of n price signals, one signal p°® per firm. Signal ¢ in a consumer’s sample, p;, is
a random draw from firm ¢’s price distribution F;(p). The samples of signals are
independent across consumers. One interpretation of this information is that the
consumer learns partial information about the price of the product basket that he
intends to buy, e.g., by learning that some products that he intends to buy are
on sale. Another interpretation is that he remembers the prices at the different
firms from a time in the past when he sought a similar product or product basket.
Finally, he may hear about prices at which his friends bought at the different
firms. I assume that consumers direct their search based on the price sample: a
consumer visits first the cheapest firm in his sample, then the second-cheapest

firm, etCF_GI When a consumer contacts firm i, he gets a price offer py from the

15Empirical evidence suggests that many firms choose their prices and plan promotions long
in advance; |Nielsen| (2015]), /Anderson et al.| (2017)), Sinitsyn| (2017)), [Anderson and Fox| (2019).
16T discuss this assumption on p.



firm. The offer is a new random draw from the firm’s price distribution F;(p). If
the consumer likes the offer, he buys and leaves the market. If he does not like
the offer, he continues to search for a lower price or exits. Getting a price offer
costs s > 0 for a consumer. Recall is free: the consumer can costlessly return to
firm ¢ that he visited before and buy at the price that he was offered at i upon
his initial visit. If a consumer’s expected value from starting the search process is
negative, he does not start searching.

Equilibrium. 1 look for symmetric pure-strategy equilibria (“equilibria”, in
what follows) where firms set the same price distribution F'(p) and consumers use
the same policyﬂ I denote the infimum and the supremum of the support of F
by Pmin and ppq.. respectively. A firm’s price distribution F is a best response
to the other firms’ and consumers’ strategies. Consumers’ optimal strategy is to
accept all prices below their optimal cutoff price p. I assume that a consumer
buys if he is indifferent between buying and continuing to search. Consumers
have correct beliefs about the firms’ behaviour in equilibrium, as usual. I assume
that consumers have passive beliefs out of equilibrium, in line with most consumer
search literature [

In a symmetric equilibrium firms post the same price distributions so, for
a fixed pricing equilibrium, there is no financial reason for a consumer to visit
firms in a particular order. A particular order can be justified by considering
an appropriate metagame where consumers can choose a tie-breaking rule, to be
used in symmetric pricing equilibria. In particular, I show that the tie-breaking
rule that specifies visiting firms in an ascending order of their price signals is a
consumer-optimal tie-breaking rule because it leads to a symmetric equilibrium
with the lowest expected price (see Section for details). It also suffices if
only some consumers use this tie-breaking rule (see Section or if firms expect
that consumers direct search in this manner. A different interpretation of the

assumption is that consumers are boundedly rational.

17 A reason to focus on symmetric equilibria is that only about 10% of consumer price dispersion
in the US is driven by price differences across stores (Kaplan and Menzio, [2015)).

18Passive beliefs mean that after seeing an out-of-equilibrium price signal or offer from firm i,
a consumer believes both that firm ¢ has deviated in no other part of its strategy and that no
other firm has deviated. This is in line with the original specification of passive beliefs as coined
by [McAfee and Schwartz| (1994) (passive beliefs were implicitly used earlier, e.g., by [Cremer and
Riordan| (1987)), Hart and Tirole (1990), and |(O’Brien and Shaffer| (1992)).



3 Equilibrium in price distributions

I first describe a consumer’s and then a firm’s problem. Then I describe the

equilibrium and provide the comparative statics’ results.

3.1 A consumer’s and a firm’s problem

First consider a consumer’s problem. Suppose that a consumer has received his
set of free price signals and decided to visit firm ¢ first because his lowest price
signal was from firm 7. When he visits 7, he gets a price offer p¢ which is a new
draw from F;(p). Should he stop and accept price p¢ or continue to search?

In a symmetric equilibrium and because of free recall, the consumer’s optimal
stopping rule at firm ¢ is independent of how many firms he has visited before
as long as he still has one firm to visit (Kohn and Shavell, [1974)). The optimal
stopping rule is to accept any first price offer that falls below a constant cutoff
price p. If the consumer gets price offers that exceed p at all firms, then after
visiting all firms he accepts the lowest price offer among them as long as that is
below his valuation v.

By standard arguments (see, e.g., Stahl, [1989), the optimal cutoff p solves

/p (5 —p) dF(p) = .

Pmin

On the left-hand side (LHS) of the equation is the consumer’s expected benefit
from visiting a next firm when his lowest price offer so far is p, i.e., the expected
improvement if the next firm offers him a price below p. The expectation is taken
with respect to the equilibrium distribution F'. All p,,in, p and F are determined in
equilibrium. On the right-hand side (RHS) is the cost of visiting another firm, i.e.,
the exogenous search cost s. Because of passive beliefs, the consumer’s expected
benefit from visiting the next firm does not depend on whether the price offer at
the current firm 7, p?, is an equilibrium offer or not.

Now consider firm ¢’s problem. The firm faces a tradeoff when considering
which distribution of prices F;(p) to set. Low prices attract more consumers, but

high prices generate more revenue. The firm’s entire price distribution matters



even for profits from a single consumer because the consumer’s signal and price
offer are independent draws from the price distribution.

To simplify writing down firm ¢’s problem, I assume for now that the prices
at all firms j # ¢ are weakly below p and make an observation about ¢’s best
response. If all consumers use the same cutoff price p and other firms offer prices
weakly below p, offering prices above p is dominated for firm 7. Firm i’s revenue
is unaffected by prices above p: no consumer buys at such prices at ¢ because a
consumer gets a price offer p; < p at another firm j for sure. But then firm i
would benefit by changing F;: by moving the probability mass from prices above
p to p. Moving the mass from higher to lower prices (weakly) increases firm ¢’s
expected demand, so the move would be profitable. For now I focus on symmetric
equilibria where the equilibrium price distribution F'(p) puts positive probability
mass only on prices weakly below p: pae < p. I show in the proof of Proposition
that no other symmetric equilibria exist and explain why on p. [12]

In equilibria where p,,.. < p, firm i’s expected profit from setting a price
distribution Fj(p) is

mi = Ep [Di(p)|Er[p’ — ],

where D;(p) := Il 41 — F;(p) is the probability that a signal p; = p from firm ¢ is
the lowest received by a consumer. If p is the lowest price signal in a consumer’s
sample, the consumer visits firm ¢ first. But upon visiting the firm, his price offer
at i, p?, is not p but a new price draw p’ from F;(p) so p? = p’. The consumer
buys at i if p’ < p, which holds with probability one in equilibria where p,,q. < p.
Since in these equilibria a consumer accepts all prices that a firm offers, D;(p) can
be interpreted as firm i’s expected demand at price p. If the consumer buys at p/,
the firm’s revenue is p’ — c.

In symmetric equilibria where p,,.. < p, a firm’s expected equilibrium profit is

m=Er[D(p)|Er[p’ - d, (1)

and a consumer’s optimal cutoff simplifies to

p=Er[p| +s. (2)



The expected price measures the negative of the consumers’ welfare because all
consumers buy and search once in these equilibria.

The expectations and the expected demand D(p) in equations and
depend on the equilibrium distribution F', including p,.in and pyuq.. The derivation
of the distribution differs from the standard method used in papers of search with
price dispersion where an individual firm mixes across prices, but posts a singleton
price. In those models, a firm is indifferent across all the prices in the support
of the equilibrium price distribution. Here, a firm is not necessarily indifferent

across the different prices in the support of its distribution.

3.2 Equilibrium price distribution

In this section, I present the equilibrium and explain its features. The most
interesting are that the lowest offered prices are below the marginal cost and that
the pdf of the price distribution is increasing.

Before deriving the equilibrium, I show that no pure-strategy equilibria exist
where the support of F'(p) is a singleton. An analogous result is in Spiegler| (2006)),

but is worth a greater emphasis in the context of search literature.

Proposition 1. Suppose that the firms’ equilibrium price distribution F(p) puts

all probability mass on a single price p*. Then a firm has an incentive to deviate.
Proof. In the Appendix. O

In the proposed single-price equilibrium each firm expects to get 1/n of the
consumers and get price p* from each. One profitable deviation for a firm is to
choose F’ that assigns equal probabilities to two prices: one marginally above and
another below the proposed equilibrium price, i.e., p* — ¢ and p* + 2¢ for some
e > 0 small. The deviating firm (weakly) increases its expected demand because
the low price attracts half of the consumers. The firm also increases its revenue
because, on average, the consumers pay p* + 5. The deviation is, thus, profitable.

In the context of search literature, Proposition |I| means that if (firms expect
that) consumers direct their search based on price information, single-price pure-
strategy equilibria break down if firms are allowed to set nondegenerate price

distributions. Partially directed search, thus, solves the Diamond| (1971)) paradox.

10



The model’s unique symmetric pure-strategy equilibrium is summarised in

_1

Proposition 2. A firm’s equilibrium price distribution is F(p) = (%) m

with support [Pmins Dmaz] Where Pmaz = D = ¢+ 28 and ppin = ¢ — s(n — 2). The

equilibrium exists if s < %
Proof. In the Appendix. O

In the proof, I generalise the method of [Spiegler| (2006) to solve for the equi-
librium. In particular, in Step 2 of the proof, I use the property that if F(p) is
optimal, then a firm cannot profitably reallocate a small amount of mass from
the neighbourhood of any price within the support of F(p) to any other price.
This gives me two necessary conditions on F'(p): one that must be satisfied by the
expected demand D(p) and another by the highest price in the support of F(p).

This generalisation can be used for ruling out other symmetric equilibria, ruling
out asymmetric equilibria more easily, and deriving equilibria in other models
where agents’ pure strategies are distributions. I use the generalisation to rule out
other symmetric equilibria, where profits are more complex than equation ; see
Step 9 in the proof of Proposition [2]

Firms’ strategies should be modelled as price distributions rather than sin-
gleton prices in many setting where firms set related prices. Prices are related,
for example, if the prices that a firm sets for some of its products affect the de-
mand for other products. Supermarkets, shopping centres, and other firms that
sell products that are either direct or indirect complements are examples of such
firms["¥] Prices are also related if the prices that a firm sets today affect its de-
mand tomorrow. Airlines, hotels, and supermarkets are examples of firms that set
time-varying prices and face recurring demand.

In the context of search literature, Proposition [2| means that if (firms expect
that) consumers direct their search based on price information, firms set nondegen-
erate price distributions. In other words, price dispersion is generated in a search
model with ex ante homogeneous consumers and firms. A firm prefers dispersed

prices to a singleton price because the dispersion allows it to achieve the two goals

19Under indirect complement, I mean that a consumer is more likely to buy some products
together, for example, because this saves search costs.

11



Pmin c Elp] p p

Figure 1: The equilibrium pdf of prices; n =4, s = %, c=0.

of attracting many consumers (with low prices) and generating high revenue (with
high prices) without being too predictable for its competitors.

A within-firm price dispersion can be interpreted as a firm asking different
prices for different products or product baskets that it sells, as do supermarkets,
other retailers, and, in a sense, shopping centres. Another interpretation is that
the firm chooses in advance its product’s price for a time interval, as do many
firms in realitym I illustrate the equilibrium distribution of prices in Figure |1| and
now discuss its features in turn.

The highest price in the support of the distribution leaves a consumer just
indifferent between buying and continuing to search. A consumer, thus, always
buys at the first firm that he visits. The endogenous highest price is one aspect
that sets my model apart from Spiegler| (2006) (and requires me to specifically
prove the uniqueness of the symmetric equilibrium).

The reason why the highest price is equal to the consumers’ cutoff price in
symmetric equilibria is the following. In short, if other firms price above p, then
a single firm ¢ can reallocate the probability mass in its price distribution mostly
from prices that exceed p to p in a manner that increases its profits. The new

distribution can be such that it generates a higher expected demand and at least

2ONielsen| (2015), |Anderson et al.| (2017), [Sinitsyn| (2017), |Anderson and Fox| (2019).

12



the same expected price as the proposed equilibrium distribution. Firm ¢’s demand
increases because when its prices are weakly below p, not only does it sell to all
consumers that visit it first (whereas some would leave if they were offered a price
above p), but it also sells to all consumers who visit another firm j before 4, but
are offered a price above p at j. Thus, firms optimally set prices weakly below the
cutoff price in symmetric equilibria.

An interesting feature of the equilibrium is that the lowest prices are below
the marginal cost ¢ (if there are at least three firms), as in |Spiegler| (2006)). These
low prices act like price promotions: they attract consumers to a firm and make
losses, but the firm knows that consumers rarely end up paying such prices. If
the firms’ price distribution is interpreted as a distribution across the prices of
product baskets, say, in a supermarket, these lowest prices can be interpreted as
items on promotion. If the distribution is interpreted as a distribution across time,
say, at an airline, these lowest prices can be interpreted as temporary promotions
on tickets.

This equilibrium feature rationalises unprofitable price promotions that are
observed in reality. Worldwide about 60% and in the US 67% of trade promotions
(mostly, price discounts) in the consumer goods’ sector do not break even (Nielsen),
2015; McKinsey, 2019). Such unprofitable prices are never offerd in models where
firms choose singleton prices, such as the classic papers Varian| (1980)), Burdett and
Judd (1983)), and |Stahl (1989). In the mixed-strategy equilibria of these models
a firm is indifferent between setting any single price in the distribution’s support
with probability one: unprofitable prices would imply negative equilibrium profits,
which cannot be. But unprofitable prices are offered in my model and in [Spiegler
(2006)), because a firm’s pure strategy is a distribution of prices and the firm is not
indifferent across all the prices in the distribution’s support: the unprofitable prices
mainly attract consumers whereas other prices make profits. Figure [2| illustrates
the price distributions in my and the other models.

Another interesting feature of the equilibrium distribution is its shape. In my
model, as in [Spiegler| (2006), the density is everywhere increasing and prices above
the mean price are more concentrated than below the mean. If the distribution

is interpreted as a distribution of prices across time, the shape means that price

13
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Figure 2: The equilibrium pdf of prices in my model (red solid), Burdett and Judd

(blue dashed), (green dot-dashed), and Spiegler| (2000) (back

dotted); n =4, s = %, c=0

decreases are less frequent, but larger in magnitude, than price increases. The

result rationalises the empirical finding that both in the US and the euro area
decreases in consumer goods’ prices are less frequent, but larger, than price in-
creasesFﬂ In contrast to my model, the equilibrium density of prices is increasing

in Burdett and Judd| (1983) and u-shaped in (1989) (and [Varian| [1980)), as

illustrated in Figure [2|

3.3 Comparative statics

The comparative statics are summarised in

Corollary 1. As the number of firms, n, increases,

21Other than ¢, v and n, I chose the parameters values for |Burdett and Judd| (]1983[) (¢ = % S0
that half of the consumers observe one and the rest two prices) and in the unit-demand version
of [Stahl| (1989) (u = & so that half of the consumers are shoppers), but these values are not

2
calibrated

to match my model so the exact location of the two pdfs should be ignored. I omit

(1980) to not clutter the Figure: in (1980) the highest price is equal to v, but the

pdf is otherwise similar to that in [Stahl (1989).
22Both in the US and the euro area about 40% of consumer goods’ price changes are price

decreases (see Nakamura and Steinsson| (2008]) and [Dhyne et al.| (2006) respectively). In the US,
the size of an average price decrease is 14.1% and increase is 12.7%, and in the euro area the

corresponding numbers are 10% and 8% (Dhyne et al., 2006).
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Stahl| (1989) Spiegler| (2006)) My model
Prmaz Pmin Elp]  Pmaz Pmin E[p]  Pmaz  Pmin E[p]

nt T \J T - - - -
st f 1 1 nfa wa w1 4 1

Table 1: Comparative statics with respect to the number of firms and search cost
in [Stahl (1989), [Spiegler] (2006) and my model PPt stands for an increase; | for a
decrease; — for no change; n/a for parameters not in the model.

(i) the highest price pmas i unaffected and the lowest price pp:, decreases.
(ii) the expected price is unaffected.
As the search cost, s, increases,
(i) the highest price increases and the lowest price (weakly) decreases.
(ii) the expected price increases.
As the marginal cost, ¢, increases,
(i) the highest and lowest price increase.
(ii) the expected price increases.
Proof. The comparative statics follow from the proof of Proposition [2] n

My model makes a novel prediction and overturns an unintuitive comparative
static in [Stahl (1989), but also confirms several comparative static results in [Stahl
(1989) and |Spiegler| (2006)). I summarise the comparison in Table (1] (the novel
prediction is in bold). T comment on the more interesting comparative statics,
with respect to the number of firms and the search cost, in turn and present the
empirical findings that these results rationalise. The comparative statics with
respect to the marginal cost are intuitive and as in earlier literature.

If the number of firms increases in my model, firms offer lower lowest prices
due to stiffer competition, but do not change the highest price. The number of

firms does not affect the expected price, thus, consumer welfare. If there are more

23The comparative statics listed for [Stahl (1989) are for the interior solution.
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firms, they offer lower lowest prices in equilibrium, but at the same time shift more
probability mass to the highest prices. The optimal way of doing this happens to
be such that the expected price is unaffected. These comparative statics are as
in |Spiegler| (2006), but different from Stahl (1989). In particular, an unintuitive
result in [Stahl (1989) is that the highest and expected prices converge to the
consumers’ valuation if the number of firms becomes large. Here this does not
happen and the highest offered price remains below the valuation.

According to Dhyne et al. (2006) the retail sector is more competitive and
consumer price decreases are larger in the US than in the euro area. If the price
distribution in my model is interpreted as a distribution across time, then lower
lowest prices can be interpreted as price decreases being larger. My model’s result
that price decreases are larger in a more competitive market, thus, rationalises the
above finding in Dhyne et al.| (2006)).

If the search cost increases in my model, firms offer higher highest prices and
lower lowest prices. If the equilibrium price distribution did not change, consumers
would increase their optimal cutoff price and accept higher prices. This allows
firms to increase the highest prices. But then the firms can afford to compete
more fiercely for consumers and lower the lowest prices they offer. In line with
intuition, consumer welfare decreases as search cost increases.

The novel prediction of my model is that the lowest prices decrease in the
search cost, in contrast to Stahl (1989). If we think of the search cost as the
opportunity cost of time, the search cost is higher in the US than in the euro area
because the GDP per capita is higher in the USF_I] Alternatively, if we think of the
search cost as the time to get to a supermarket, the search cost is also higher in
the US than in the euro area because some evidence suggests that supermarkets
are further from households in the US than in Europe (Cant), 2019).@ Thus, my
model’s novel result offers a new explanation to the the empirical finding in |Dhyne

et al.| (2006) that price decreases are larger in the US than in the euro areaE] In

24During the time period studied in [Dhyne et al. (2006), 1996-2001, the GDP in the US was
25-81% higher than in the euro area (World Bank, |[2021)). In particular, the per-capita GDP was
about 30 thousand in the US and 23.9 thousand in the euro area in current USD in 1996, and
the respective numbers were 37.1 and 20.4 in 2001. The gap increased throughout.

25In the US, the closest supermarket to a household was on average 2.2 miles away in 2012
(Ver Ploeg et al.l |2015)). Unfortunately I could not find data equivalent data for the euro area.

“*See footnote [22[ for the magnitudes of price changes reported in [Dhyne et al.| (2006)).
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fact, my model offers an explanation to why both price decreases and increases
are larger in the US than the euro area because both the lowest and highest price
become more extreme as the search cost increases. In sum, my model offers a new
explanation, based on search costs, to why price changes are larger in the US than
in the euro area, in addition to confirming the explanation of stiffer competition

offered in Dhyne et al.| (2006).

4 Extensions

I show that the model’s equilibrium is robust to allowing for imperfect matches

and for only some consumers receiving price signals.

4.1 Imperfect matches

Suppose that a firm’s product matches a consumer’s taste with probability g €
(0,1]. If the consumer has a match with the product, he gets utility one from
buying the good and zero otherwise. The consumer observes if a firm’s product is
a match when he visits the firm. This modification has no effect on the equilibrium
except that a consumer’s effective search cost becomes s/f.

A consumer buys only if he has a match with a product and the offered price

is below his cutoff price p. His optimal cutoff price p solves

P

B(p—p) dF(p) = s.

Pmin

By the same argument as in the main model, a firm never offers prices above the
consumer’s cutoff price p. Thus, a consumer accepts any first price offer from a

firm with which it has a match and the cutoff price simplifies to

p=Egr[p] + %

As a firm expects to sell to a fraction 3 of the consumers, its expected profit can

be written as

m = PE[D(p)|E[p — .
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The problem looks like in the main model except that the effective search cost

of a consumer is s/5. The equilibrium is described in

Corollary 2. Suppose that a consumer has a match with a firm’s product with )

probability 5 € (0,1]. A firm’s equilibrium price distribution is F'(p) = (—pm”_p ) "

Pmaz —Pmin
with support [Pmin, Pmaz] Where Pmae =D = ¢+ 2% and Ppin = ¢ — 2(n —2). The

B
equilibrium exists if s < @

Proof. Follows from the proof of Proposition [2| m

The comparative statics with respect to the probability of a match are opposite
to those with respect to the search cost, summarised in Corollary (I} As matches
become more likely, the prices become more compressed. In line with intuition,

consumers benefit from more likely matches.

4.2 Some consumers do not get price signals

Suppose that a fraction A > 0 of the consumers are partially informed about the
firms’ prices as before. The rest of the consumers, fraction 1 — X, are uninformed
consumers who do not receive price signals prior to search. All consumers have
the same search cost s. I assume that the uninformed consumers randomise with
equal probabilities over which firm to visit next. The uninformed consumers can
also be interpreted as consumers who, in a symmetric equilibrium, choose to break
their indifference by contacting all firms with equal probabilities.

I show below that the presence of these consumers does not have a substantial
effect on the firms’ price-setting incentives. The only difference is that a firm offers
prices below p only to attract consumers who direct search. Thus, similar equi-
librium to that in Proposition [2| remains an equilibrium. This extension provides
another justification to the main model’s assumption that all consumers partially
direct their search because it explicitly shows that not all consumers are required
to direct search for the equilibrium to exist. Furthermore, it is irrelevant for the
firms’ price-setting incentives whether (some) consumers actually partially direct
search or whether firms think that they do so.

The continuation problems of a partially informed and an uninformed consumer
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look identical. Thus, they optimally use the same cutoff price p that solves

/p (p—p) dF(p) = s.

Pmin
If firms offer prices below p, firm ¢’s expected profit is now

® = NEID()Ep — ]+ Elp— |

where D(p) = II; 4 Fj(p) is the probability that the signal p from firm ¢ is the
lowest received by a partially informed consumer.

An equilibrium is summarised in

Proposition 3. Suppose that a fraction 1 — X\ < 1 of the consumers are un-

informed. An equilibrium exists where a firm’s equilibrium price distribution is

F(p) = (}%fl’:;“—%) " with support [Poins Pmaz] WHETe Pmaz = P = ¢ + s and
Prmin = € — s(n — %) The equilibrium exists if s < ’\(IIT_;)
Proof. In the Appendix. n

Firms do not offer prices below the marginal cost in equilibrium if partially
informed consumers are rare. If these consumers are rare, then firms compete
less fiercely to attract them and instead focus on extracting profits from the un-
informed consumers. If all consumers were uninformed (A = 0), the Diamond
paradox would follow. One takeaway of the model is, thus, that even if indiffer-
ent, consumers should use price information when choosing which firm to visit
rather than randomise with equal probabilities: directing search leads to an equi-
librium with lower prices. In fact, I show in Section that the buyer-optimal
indifference-breaking rule of partially informed buyers is to visit firms in an in-

creasing order of their price signals.

Corollary 3. As the fraction of partially informed consumers, X\, increases,
(i) the highest and lowest price decrease.
(ii) the expected price decreases.

Proof. Follows from the proof of Proposition 3] O
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The comparative statics’ results with respect to the fraction of partially in-
formed consumers are intuitive because these consumers are sensitive to prices:
their demand reacts to the firms’ prices. Thus, if their amount increases, compe-

tition increases, leading to lower prices.

5 Discussion

Here I discuss some assumptions and alternative interpretations of the model.

5.1 Assumption of partially directed search

The assumption that consumers follow price signals to direct their search has mul-
tiple interpretations, as described in footnote [5] and on p. [7] I prefer to interpret
the assumption as a tie-breaking rule that consumers use in symmetric equilib-
ria. Proposition [4| shows that this tie-breaking rule is a consumer-optimal ordinal
tie-breaking rule that consumers use to decide in which order to visit firms in sym-
metric pricing equilibria. A similar argument to justify the use of a tie-breaking

rule has been used, e.g., by Burguet and Che| (2004).

Proposition 4. The tie-breaking that specifies that firms are visited in an ascend-

ing order of their price signals is a consumer-optimal ordinal tie-breaking rule.
Proof. In the Appendix. O]

The reason why this tie-breaking rule is optimal for consumers is because it
induces the firms to compete for custom as fiercely as possible. Other ordinal rules,
that specify visiting the second-highest-priced firm with a positive probability,
say, reward also firms that do not set low prices, thus, generate the lowest-priced
signals. Such rules would soften price competition among firms and lead to a

higher expected equilibrium price.

5.2 Firms’ strategy spaces

The equilibrium characterisation in Proposition [2| relies on the assumption that

firms’ pure strategies are (possibly denegenrate or discrete) price distributions.
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If firms’ pure strategies, instead, were restricted to singleton prices, as in other
models of consumer search, the business-stealing incentives in my model would
result in the Bertrand outcome. If firms could choose their strategy space, they
would, thus, prefer to be able to set price distributions rather than singleton prices
because their expected profit is positive in the equilibrium of Proposition [2l This
observation has two general implications: first, the analyst’s choice of strategy
spaces can be crucial for a model’s results. Second, the analyst’s choice should

perhaps take into account which strategy spaces the players of the game prefer.

5.3 Endogenous level of price stickiness

A possible interpretation of the model is that it is of endogenous price stickiness
because the distribution of prices that firms choose can be seen as the distribution
of a particular product’s price over time. If a firm chooses a singleton price, the
firm commits to not changing the price, i.e., the price is perfectly sticky. If a firm
chooses a dispersed price distribution, it commits to changing the price according
to that schedule. The more dispersed the distribution, the less sticky the prices.
My model predicts that firms choose an intermediate level of price stickiness
if the demand they face in one period is a decreasing function of the price that
they set previously. The model, thus, generates endogenously sticky prices in the
absence of menu costs. If we use the dispersion of prices, pmaz — Pmin, as the inverse
measure of stickiness, then the model predicts that prices are less sticky in markets
with more competition (more firms) and more frictions (higher search cost). More
search frictions lead to less sticky prices here because a firm that lowers its price
one day, knows that it can reap the benefits from another consumer another day
since the high search cost prevents the consumer from searching on. The search
cost, when interpreted as an opportunity cost of time, and the number of firms are
arguably higher in a boom than in a bust. Thus, my model predicts that prices

are less sticky in booms than in busts.

5.4 Disciplined deception

An alternative interpretation of the model is that it is of disciplined deception by

firms. The distribution of prices that firms choose can be seen as the distribution
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of promised prices, all of which can be the true price. Then the signal that a
consumer sees is like the price that a firm promises, whereas the price offer is
the actual price that the firm asks a consumer. The fact that firms commit to a
distribution from which both the promised and actual prices are drawn disciplines

the deception by firms.

5.5 Labour-market interpretation

Another interpretation of the model is that it is of the labour market. This inter-
pretation provides new insights on wage dispersion. In a labour-market context,
workers look for a job with a high wage based on a sample of wage signals. The
information contained in wage signals can come from the worker’s friends, his own
earlier job search (potentially in a different profession or at a different level in the
same profession), or a recruitment company’s Website.m In equilibrium, firms set
wages w = 1 — p with Wpin = 1 — Prmazs Wimaz = 1 — Pmin, and G(w) = 1 — F(p),
as described in Proposition [2l A within-firm wage distribution can be interpreted
as a distribution across wages for different jobs or for a single job, say, because
different people get different bonuses.

The equilibrium wage distribution has several interesting characteristics. First,
the shape of the distribution reflects the shape of the empirical wage distribution
in that the density is decreasing@ Second, the highest wages exceed the worker’s
productivity, which is not the case in models where firms set singleton wages.
Third, if the number of firms increases, these highest wages increase. Some em-
pirical evidence suggests that some workers are paid “too much” and that stiffer

competition increased their pay.@

27Some recruitment companies allow people to see a sample of wages earned at different firms,
by job; see, for example, Glassdoor (www.glassdoor.com).

28In the directed search models with multiple applications of (Galenianos and Kircher| (2009)
and [Kircher| (2009)), the wage distribution is also decreasing, but its support is discrete.

29Bivens and Mishel (2013) claim that executives are paid inefficiently much in the US. Also,
the CEOs of several financial firms, for example, Merrill Lynch, Bear Stearns and Lehman
Brothers, were paid large bonuses after large drops in the firms’ values around the financial
crisis of 2008 (OECD| 2009; [Bebchuk et al., 2010)). Stiffer competition increased the pay of
executives in the US (Cunat and Guadalupe, 2009) and Germany (Fabbri and Marin, [2016)).
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6 Conclusion

Firms in many markets set price distributions rather than singleton prices. For
example, prices are dispersed across products at retailers that stock a variety of
products. Prices are dispersed across time at firms that change prices of individual
products frequently. Faced with dispersed prices, consumers have an incentive to
search for a low price. If consumers direct search based on partial price information
and visit first the firm with the lowest price signal, then the symmetric pricing
equilibrium that ensues indeed features dispersed prices. This visiting rule is the
consumer-optimal tie-breaking rule because it induces the lowest expected price
among symmetric equilibria induced by all ordinal tie-breaking rules. My model
suggests, thus, that people should be encouraged to search based on prices even if
there does not seem to be an immediate benefit from doing so.

Some of the prices that firms offer in equilibrium are unprofitable, resem-
bling unprofitable price promotions that are prevalent in reality (McKinsey, [2019)).
Firms offer such prices in order to lure consumer’s to visit, knowing that when
there, the consumer may buy also products that are not promoted or arrive only
when the promotion has ended. Firms do not offer below-marginal-cost prices in
models where they are restricted to setting a singleton price each.

Changes in consumer prices are different in the US and the euro area: price
changes are more frequent and larger in the US than in the euro area. In both
regions, price cuts are larger but less frequent than price hikes. My model ra-
tionalises both regularities. Arguably, competition in the retail sector is stiffer
and search costs higher in the US than in Europe. This is consistent with my
model’s results that prices become more extreme as competition and search cost
increase. Larger and less frequent price cuts than hikes is in line with my model’s
equilibrium price distribution that has a longer and less concentrated left rather
than right tail. In sum, my model offers a new explanation, based on search costs,
to unprofitable price promotions and to why price changes are larger in the US
than in the euro area.

More generally, my paper highlights that the choices that an analyst makes

when studying strategic situations are very important. First, it is customary
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to use the equal-probability tie-breaking rule when agents are indifferent. But
this might not be optimal for the agents themselves once they understand that a
different tie-breaking rule would lead to an outcome they prefer. Second, when
analysing firms’ behaviour it is customary to assume that their pure strategies are
quite simple; a pure strategy is often a single number, a price or quantity. But
these simple strategies may not be optimal for the agents themselves once they

understand that a different strategy would lead to an outcome they prefer.

A Appendix

Here are the proofs omitted from the paper. I deal with the net utilities that firms
offer to consumers, u := v — p with v = 1, and denote the distribution of net
utilities that firm ¢ offers by G;(u). The results in the main part follow when we

substitute p = 1 — u, Ppaz = 1 — Umin, Pmin = 1 — Umaz, and G(u) =1 — F(p).

Proof. (Proposition ) Suppose that G assigns probability one tou =1 <1 —¢
in equilibrium. If G assigns probability one to « = @ in equilibrium, a consumer’s

expected continuation value, thus, optimal cutoff, is « = 4 — s with 4 < @ so he

l—u—c
n

accepts any first offer. The proposed equilibrium profits are 7 =
I show that firm ¢ has an incentive to deviate to a dispersed distribution G/
such that Pe/(u =0 —¢) = Po(u =10+ %) = 5 for e > 0 small.

Firm ¢’s expected profit from this deviation is

, l1(l—a+e 1—-u—%
™ = — + 5 —c|.

2 2

Firm ¢ attracts half of the consumers, those who get the signal u = @ + 5 from it.
But 7 delivers utility @ — ¢ to half of them and @ + 5 to the rest. This deviation
is profitable since 7’ > 7.

Note that the inequality 7’ > & would hold also if firm ¢ instead deviated to

Po(u=ua—%) = Pe(u=1+¢) =3 aslongaseissmall, &« < 1—candn > 2. [

Proof. (Proposition [2) The proof is in nine steps. In Steps 1-8, I restrict my
attention to equilibria where ,,;,, > u. In Step 1, I derive two conditions on ,,;,

and u,,q, that must be satisfied in such equilibria if consumers use the same utility
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cutoff . In Step 2, I derive conditions that i, Umee and D;(u) must satisfy
in a symmetric equilibrium. In Steps 3-6, that follow proofs in Spiegler| (2006)
and Janssen and Moraga Gonzélez (2004), I derive the properties of the equilib-
rium G(u). In Step 7 I explicitly write out the conditions that the symmetric-
equilibrium distribution G(u) must satisfy and in Step 8 argue that such an equi-
librium exists. Step 9 shows that the restriction I made in Steps 1-8 is without
loss: no symmetric equilibria where ,,;, < u exist.

Let T; denote the support of Gy, Ui, = Inf(T;) and upe, = sup(T;). Let
the utilities that firms j # i set in equilibrium be denoted by z, the lowest utility
among those be 2,,;,,, the highest by 2,,4,, and the utility distributions by G;. Let
D;(uf) denote the probability that firm ¢’s signal ] is the highest utility signal

that a consumer sees among his n signals:

for uf < zmin,
Di(u) = { .Gy(uf)  for zmin < uf < Zinas, (3)

1 for uf > Zmax-

Step 1: If z,,;, > u, then the lowest utility that firm ¢ offers in an equilibrium

satisfies U, > @ and the highest utility satisfies Umae < Zmae-

Firms take the consumers’ behaviour as given in equilibrium. For consumers
search behaviour, I assumed that a consumer contact firms in a decreasing
order of his utility signals. For buying behaviour, I argued in the main part
of the paper that a consumer optimally rejects all utility offers below u and
accepts all offers above it. If no firm offers a utility above @ , he visits all

firms and accepts the highest offer among them as long as it is positive.

I first argue that if z,,;, > @, then firm i optimally sets w;, > @. If G;(u)
puts positive probability mass on utilities below «, firm ¢ has an incentive
to move all mass from below u to . The reason is that if z,,;, > @, then
utilities below @ are never accepted at firm ¢: a utility offer below @ induces
a consumer to continue searching after visiting firm ¢ and, because z,,;,, > u,
he gets a utility offer that exceeds u at another firm for sure. Thus, utilities

below @ do not affect i’s revenue and utility signal uf = u attracts (weakly,
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Step

if Z,i, = @) more consumers than signals u < 4.

Now I show that if G;(u) puts positive probability mass on utilities above
Zmaz, firm ¢ has an incentive to move all mass from above 2,4, t0 Znas-
Utilities higher than z,,,, are more costly than z,,,, for firm 7 to offer,
but utility signals u] > 2z, attract equally many consumers as signal

U = Zmaz- THUS, Umesr < Zmae i equilibrium.

2: Necessary conditions that i, Umes, and D;(u) have to satisfy in a

symmetric equilibrium.

If firms j # 7 use G; such that z,;, > #, then firm ¢ has an incentive
to move all the probability mass from utilities « € [tmin, Zmin] to @. The
reason is that utilities below z,,;, do not generate demand, but increase the
expected revenue. So firm ¢ does best by moving all the mass on utilities
below z,,;, to the lowest one that is still acceptable for consumers, which is
u. Thus, any symmetric equilibrium where 2, Umin > % needs to satisfy
Zmin = WUmin = U.

Note that the above point together with Step 1 rules out deviations that
reallocate probability mass from the proposed symmetric equilibrium dis-
tribution to utilities above u,,,, and below u,,;, = @. To rule out deviations
to utilities between t,,;, and .., 1 use the property that if G;(u) is opti-
mal, it must be unprofitable for firm ¢ to reallocate mass from any utility

u € T; to another utility u'.

Recall that a firm’s expected profit in a proposed symmetric equilibrium is

7 =E[DW)]E[l - ¢ — 4],

and a consumer’s cutoff solves

u=E[u] —s.

First suppose that G;(u) assigns positive mass to Umin, Umaez, and some
u € T;. I use the condition that if G;(u) is optimal, then firm ¢ must be

unwilling to move a small amount of mass, € > 0, from any u € T; to some
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other u'. Note that any u' can be written as v = i, + (1 — @)Umaz,
where v’ € [Umin, Umaz] if @ € [0,1]. So I show that, if D;(u) and e,
satisfy certain conditions, it is unprofitable to remove mass € > 0 from
u € T; and put some of it, mass ae, on Uy, and the rest, mass (1 — a)e,

ON Uyqe for any finite a.

Removing a small mass € > 0 from u and putting mass ac on w,,;, and

mass (1 — a)e on Upq, changes firm ¢’s profit by
Am = AE[D(u)]|E[l — ¢ — u] + E[D(u)]AE[1 — ¢ — u]

= e{[aD(Umin) + (1 — @) D(tUpmaz) — D(uw)](1 —c—m)
+d[a(l — ¢ — Upin) + (1 — a)(1 — ¢ = Upaz) — (1 — ¢ — u)]},

where D := D;, m := E[u] and d := E[D(u)] for brevity. If G(u) is optimal,
Am < 0 has to hold for all small ¢ > 0. Since Ar is proportional to &,

Ar < 0 if the term in the curly brackets, %, is weakly negative.

Noting that D(umin) = 0 and D(tpq,) = 1, we can simplify % <0 to
a®y = al(l —c—m) — d(Umaz — Umin)] (4)

>[1 =Dl —c—m)—dtme —u) = Q.

Now @)1 on the LHS of is just a number and ()» on the RHS a function
of u with @5 < 1 for all u. Thus, inequality holds for any « only if both
Q1:0andQ2:O.

Solving ()1 = 0 for U, gives that w,,,, must satisfy

l—c—m
maz — Umin T E— 5
u Upnin + 7 (5)

Solving @2 = 0 for D(u) and plugging in the expression for ., gives that
D(u) must satisfy
U — Umin
Du) = ——. 6
(u> Umaz — Umin ( )

Note that D(u) is linearly increasing in w.
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Step

Step

Step

Step

3: A Corollary to Step 2, which I use in Step 8, is

Corollary 4. Given G_;, firm i is indifferent between G;(u) and Gj(u)
such that BEgu] = Eg«[u] and T} C T;.

Proof. Because D;(u) is linear, firm i’s expected profit is the same under

G, and G} if Eglu] = Eg+[u]. O

4: In equilibrium, G is continuous on [ty,, 00).

Suppose instead that G assigns an atom to some u € [Upin, 00). Then firm
¢ can increase its profits by shifting this mass in its distribution to u + ¢,
e > 0 small. Firm i’s expected demand would increase by a discrete amount,
whereas its expenditure would only increase in the order of . Thus, the

deviation would be profitable.

5: In equilibrium, 7" = [, Umaz)-

Suppose instead that in equilibrium firms place no weight on some interval
(u1,us) € (U, Umag). Then firm ¢ can profitably shift weight from (ug, us+-¢),
e > 0 small, to u;. Firm ¢’s expected demand decreases by an order of
magnitude e, whereas the expected utility that it offers decreases by a

discrete amount. Thus, this deviation is profitable.

6: In equilibrium, @ has the closed-form solution given by equation ({10]).

First note that in a symmetric equilibrium, conditional on having positive

demand, E[D(u)] = . Then rewrite equation (6] as
U = Umax — (umam - umzn)<1 - D(U,)) (7)

Now, borrowing a clever trick in (Janssen and Moraga Gonzalez, 2004, p.

1097), I define a new variable z := G(u) and express E[u] as

Efu] = / T dG () = / L de (8)

From the consumer’s optimisation problem, we know that E[u] = @+ s and

in a symmetric equilibrium, D(u) = 2"~!. Thus, I can rewrite () using
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Step

Step

as

1
u+s= / [umar - (Umax - umm)(l - Zn_l)} dz,
0

and because U, = U,

Umaz — Umin = SN, (9)

where the right-hand side of @[) depends only on exogenous variables.

Using equations and @, I can solve for u:
u=1—c—2s. (10)

A necessary condition for the equilibrium to exist is that the consumers’

value from searching is positive, i.e., that s < %

7: In equilibrium, t,,., has the closed-form solution given by equation
and G(u) by for all u € [@, Upaq)-

To get an explicit form for w,,,,, I use the explicit form for « in :
Umaz =1 —c+s(n—2). (11)

Firms offer prices below the marginal cost (or, ty,q, > 1 — ¢) for all n > 2.

To get an explicit form for G(u), I use the fact that in a symmetric equi-

librium G(u) = D(u)ﬁ:

G(u) = (“—_f) , (12)
where u =1 — ¢ — 2s.

8: An equilibrium in distributions G(u) as described in equations ([10)),
, and exists.

Suppose all firms but ¢ use G(u) as described in equation . Firm ’s
expected demand D;(u) is determined only by G;(u), j # i. Then if G;(u) =
G(u), we know that D;(u) satisfies (6) and we know from Steps 1 and 2
that firm ¢ cannot improve its profits by reallocating small amounts of mass

from u € T. By Corollary 4, firm ¢ is indifferent between G and any G’ s.t.
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Step

T' C T and Eglu] = Eg/[u] because D is linear. Thus, playing G is a best

response for ¢ to other firms playing G.

9: No symmetric equilibria exist where ,,;, < u.

I prove that the equilibrium derived above is the unique symmetric equi-
librium. I show that if in a proposed equilibrium firms use G such that
Zmin < U, then firm 7 has a profitable deviation: I show that moving some
mass from utilities in the support of G to another utility is profitable. In the
proof, I implicitly assume that any symmetric equilibrium G is atomless:

the argument is the same as in Step 4 above.

I first show that the expected demand and expected price are no longer
separable in a firm’s expected profit if the equilibrium G puts mass on
utilities below @. This is because now some consumers get so low utility
offers at a firm that they continue searching. In particular, now a consumer
buys from a firm 7 in one of two cases. First, he buys at ¢ immediately upon
visiting if u¢ > @ (let’s call such consumers “new customers”). Second, he
returns to buy at ¢ after visiting all firms because he got offers below u at all
firms and the one from ¢ was the highest of them (let’s call such consumers

“return customers”).

Firm 4’s serves a new customer as a kth firm that he visits if ] is the kth-
highest signal among the consumer’s signals, he does not stop before, and
his offer from ¢ is at least u. Since the firm does not know which signals
the consumer gets from all firms, it has to take an expectation over u; and
k. In total, its expected demand from new customers is

B |3 (17 1) (0= 606 w6, | (- Gt

k=1

Inside the sum is the probability that firm i is the kth firm that a consumer
plans to visit and that he reaches the firm if his signal from ¢ is u: the
probability that & — 1 of his signals are above u, the rest are below u, and
that at the first £ — 1 firms that he visits he gets a utility offer below .
The last term is the probability that his offer from 7 is at least u.
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The expected revenue from a new customers is Eg,[1 —u — clu > @l. 1
can simplify the sum above and write firm ¢’s expected profit from new

customers as:
doimy == B, [[G;() + Gy (w)(1 — G;(@))]"!] / A Zu— ) dG(u).

Firm i’s serves a return customer if he gets offers below u at all firms and
the offer from 4, u{, is the highest among them. Note that the expected
demand from return customers is only affected by the utility offers at all
firms, but not the signals. If the return customer buys from ¢, he pays
1 —w¢, which generates the non-separability of expected demand and price
in a firm’s profit function. Given that the customer’s offer from 7 is uf = u
and that uf < @ at all j, the probability that u is higher than u§ for all
jF#iis
Gj(w)"!
Gj(u)"1Gy(u)

P(u>uiVj #iluj <uVj) =

Thus, firm ¢’s expected profit from return customers is:

o [ G A=)
mi i) [ S e 16,

where the first term is the probability that his offer from ¢ is below .

In total, firm i’s expected profit in the proposed equilibrium is

7 = Eq, [[G;(@) + G;(u)(1 — G5(@)]" ] / T a0 A (13)

+G (@)~ / Gi(w)" (1 —u—c) dGi(u) = dym,, + .
I now show that it is profitable for firm ¢ to remove mass ae from (the

neighbourhood of) 4, and (1 — a)e from w;,, and to move it to some

u > u if « is small.

First note that the profit from return customers m, is unaffected if mass
is moved from U, and U, to w > u: offers uf = upq, and uf = u are

not offered to return customers, and offer u{ = wu,,;,, always loses against
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other firms’ offers. Thus, the change in profits from this reallocation of
probability mass is

A = m,Ad, + d,Am,,
= = (muf—a — (1= )Gy (@) + [G(@) + G (u)(1 — G (@)}
+dp[—a(l — Upmez — ) + 1 —u—(]).
The reallocation of mass must be unprofitable for all «;, but note that

A

?ﬂ — my, {[G](ﬂ) +Gy(u)(1 = Gy(a))" ' - Gj(ﬂ)"fl} +d,(1—u—c)>0
as a — 0. In words, firm ¢ always finds it profitable to reallocate probability
mass away from ,,;, to some v > u if u,,;, < u. Intuitively, the firm can

do so because utilities above u generate disproportionately more demand

that utilities below . O

Proof. (Proposition [3]) A fraction A > 0 of the consumers are as before and

fraction 1 — A\ are uninformed consumers who do not receive price information.

I solve for the equilibrium using the same method as when proving Proposition

2, but skip much of the detail because it is the same. In Step 0, I show that a

single-u equilibrium never exists. Steps 1-8 follow closely the corresponding ones

in the proof of Proposition [2]

Step 0: An equilibrium in degenerate distributions G(u) does not exist.

Suppose that all firms set u = @ in equilibrium with probability one. If all
firms set v = @ in equilibrium, then a consumer’s expected value is E[u]—s =
1 — s so he accepts any first offer if it is positive. The proposed equilibrium

. For weakly positive profits in equilibrium, it must be

profits are = 1=4=¢
n

that « < 1—c. I show that firm ¢ has an incentive to deviate to a dispersed
distribution G} such that P'(u = 4 —¢) = § and P'(u = a4+ 5) = 3 for
€ > 0 small.

Firm ¢’s profit from this deviation is

, A 1—) 1 € 1 )
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Step

because it attracts half of the consumers who partially direct search (those,
who get the signal v = @ + § from it) and its fair share of uninformed

consumers. This deviation is profitable since 7’ > 7.

1: Necessary conditions on D(u) and ;-
Assume that wp,;, > 4. I need to derive the rest of G(u). Recall that a

firm’s expected profit is

1—A

n

= ()\E[D(u)] + ) E[l —u—d,

and a consumer’s cutoff solves @ = E[u| — s.

Removing a small mass ¢ > 0 from v and putting mass as on u,,;, and

mass (1 — a)e on Uy, changes firm ¢’s profit by

1—A

n

A = MAE[D(u)]E[1 —u — ¢] + (/\IE[D(U)] + ) AE[l —u — ]

= e{A[aD(tumin) + (1 — @) D(Upaz) — D(w)](1 —m —¢)

1—-A
n

+()\d+ )[a(l—u—c)+(1—a)(1—umaz—c)—(1—u—6)]},

where D := D;, m := E[u] and d := E[D(u)] for brevity. If G(u) is optimal,
A7 < 0 has to hold for all € > 0. Since Ar is proportional to e, Ar < 0 if
the term in the curly brackets, %, is weakly negative. This holds for any

small £ > 0 if &% =0, i.e., if

1—-A

n

A1 — D(u)(1 —m —¢) — (/\d+ )(um—u)

= o[~ (s — @) ()\d+ )—i—)\(l—m—c)].

n

So the two necessary conditions that must be satisfied are that

Du)=1-X'1-m-¢)! (Ad+ )(umm—u),

n

and
1—A

1
umaz:ﬁ+<)\d—|— > A1 —m—c).



Note that D(u) is linear in u and the profit function depends on G(u) only
through E[D(u)] and E[u| so that Corollary 4 holds.

Step 2-5: Follow directly from the equivalent steps in the proof of Proposition
The only difference is that for the arguments to hold, A > 0 must
hold because the firms can affect their demand only from consumers who

partially direct search.

Step 6: In this step, the only difference comes from the slightly different forms
that D(u) and ., take. Altogether, these amount to

i=1—c—(1+XYs,

and
umax:1—0+(n—1—)\_1)s,

Thus, a necessary condition for the equilibrium to exist is that « > 0 or

A(l—c)

s < S

Step 7-8: These steps are almost exactly the same as in the proof of Proposition
2l An additional deviation that we need to rule out is the firm abandon-
ing serving the partially informed consumers and only serving the unin-

formed consumers at the highest acceptable price. This deviation would
1-\

yield profits equal to @ = “=(p — ¢) to a firm. The equilibrium profits are

7= 1(p— s — c). Plugging in p shows that the deviation is not profitable

n

because ™ > T. O

Proof. (Proposition) I prove the statement without formally defining a metagame
where the consumers’ strategy would include the choice of a tie-breaking rule,
should the pursuant equilibrium pricing strategies of firms be symmetric. 1 con-
sider ordinal tie-breaking rules that can depend on the sample of free price signals
that a consumer gets, but are anonymous. I argue informally that the following

tie-breaking rule is consumer-optimal among all ordinal tie-breaking rules:

e if all price signals in the consumer’s sample are equal, visit first any particular

firm with probability %
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if not all price signals in the consumer’s sample are equal, visit first the
cheapest firm in the sample with probability one. If firm ¢’s price signal is
below firm j’s, visit firm ¢ as the kth firm in sequence, for £ > 1, with a

strictly higher probability than firm j.

In general, let the probability with which firm ¢ is visited as the kth firm if it

is the mth-cheapest firm in a consumer’s sample be denoted by u* . Note that

k

>, ph = 1for all k as long as the expected symmetric equilibrium price satisfies

E[p|p

Step

Step

< pl+ s <wv=1.1again work with offered utilities instead of prices below.

i: Inducing an equilibrium where firms set singleton prices is not optimal

for consumers.

We know that if all firms set singleton utility, then the best price for them
is offer u* = s. But we know from Proposition [2| that consumers can induce
a symmetric equilibrium with a higher offered expected utility by using a

tie-breaking rule that induces a dispersed pricing equilibrium.

ii: For all ¥ > 0, if uf > uj, then a consumer-optimal ordinal tie breaking

has pk > u;‘? for each k and the inequality is strict if uf > w.

Suppose otherwise: that firm ¢’s utility signal is higher than firm j’s, but
firm ¢ is visited as the kth firm with a strictly lower probability, i.e., that
u; > uj, but ur < ué?. Then firm ¢ has a profitable deviation: it can
reallocate mass within G(u) from (the neighbourhood of) u; to u3. This
mass reallocation increases i’s chance of being visited as the kth firm and
(weakly) decreases the expected utility that ¢ offers to consumers. As long

S

as Uu;

¢ > u, firm ¢ can reallocate the appropriate amount of mass from u

to u®

2 so that the expected utility that i pays to consumers, E;[ulu > 1,

decreases. In particular, ¢ reallocates so much mass that after the mass

reallocation, E;[u] > w still holds.

Note that if & > uf > u$ and pf = p¥, then firm i cannot reallocate mass

profitably from u; to ;.

Thus, if consumers want to induce symmetric equilibrium utilities that

are all acceptable (i.e., Uy, > @), then any consumer-optimal ordinal tie-
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Step

breaking rule says that a firm with a higher utility signal is visited as the
kth firm with a higher probability than a firm with a lower utility signal.

iii: A consumer-optimal ordinal tie-breaking rule involves pui = 1 and ui =
s =...=p. =0.
In this step I assume that all posted utilities are acceptable, i.e, t,;, > 4

(I show that this must be the case in Step iv). I first show that in any

induced symmetric equilibrium, a firm’s demand must satisfy

1 _ ) 1 .
D(u) — Hi (u umm) + /‘n(umux u)7 (14)
Umaz — Umin
and
Umaz — Umin = 7’L(1 —C—= m)(”% - [’L’:VLL) (15)

I use the same procedure as in Step 2 of the proof of Proposition [2| to
derive conditions on D;(u) such that firm ¢ does not want to reallocate
mass within the support of G;(u). First, only if D;(u) satisfies equation
(14) is it unprofitable to remove mass € > 0 from u € T; and put mass ae,
on Ui, and the rest, mass (1 — a)e, on Upqe. Such a mass reallocation

changes firm ¢’s profit by
Ar = ef[ap, + (1 —a)p; — D(w)](1 — ¢ —m)

+d[a(l — ¢ — Umin) + (1 —a)(1 — ¢ = Upaz) — (1 —c—u)]} <0,

where I have used the fact that (in a symmetric equilibrium) t,,;, will be
the lowest and w,,, the highest utility signal in any consumer’s sample of
signals, and denoted D := D;, m := E[u] and d := E[D(u)| for brevity.
This condition is satisfied for any positive « only if D(u) satisfies equation
and Uy,q, satisfies (where I have replaced a symmetric equilibrium

outcome d = 1/n).

Now in a symmetric pricing equilibrium, firms choose the same G(u). Then
the probability that firm ’s signal u = 4, is the highest among a con-

sumer’s signals is equal to one if G(u) has no mass point on v = Upe,. A
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Step

mass point on ., can be ruled out in a similar manner as Step 4 in the
proof of Proposition [2| (for all i > 0). Thus, in addition to equation ,

an individual firm ¢’s expected demand D;(t,q,) must satisfy
Di(Umaz) = Pr(uj = tmax > uj for all j # i) = G (Umaz)" ' = 1.

But this equation can hold together with equation only for ui = 1.
Altogether, the consumer-optimal tie-breaking rule satisfies uj = 1 and
pp = iz = ... = i, = 0.

Note that 1 = 1 means that all tie-breaking rules that differ in ¥ for & > 1

are equivalent to this one on the equilibrium path if u,,;, > @ because all

consumers stop searching at the first-visited firm.

iv: In any symmetric equilibrium induced by a tie-breaking rule that sat-

isfies Step i, firms offer utilities that are all acceptable: wu,,;, > u.

Suppose otherwise: that a symmetric equilibrium G(u) induced by a tie-
breaking rule as described in Step i, assigns utilities below u positive prob-
ability or G(u) < 1. I first show that G(u) = 1 cannot hold in equilibrium
and then that, if G(u) < 1, firm 7 can profitably reallocate mass within
Gi(u).

If G(u) = 1, each consumer looks through all firms before purchasing from
the firm with the highest utility offer. When visiting any firm ¢, a con-
sumer’s continuation value is Eglu] — s < @ — s. But the cutoff utility u is
defined as the utility that makes the consumer just indifferent between con-
tinuing and stopping, or @ = Eg[u] — s. This equality cannot hold together
with the previous inequality. Thus, in any symmetric equilibrium we must

have G(u) < 1.

I show now that if G(u) < 1, an individual firm wants to deviate from
the proposed equilibrium G(u) if consumers use a tie-breaking rule that
satisfies Step i. In particular, the firm can profitably reallocate mass from
(the neighbourhood of) u = u — n for n > 0 small to u = @. (The fact that
G(u) must be continuous in equilibrium can be shown in a similar way as

in Step 4 of the proof of Proposition )
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Recall that the tie-breaking rules in Step i satisfy that for w; > u and
uj > uj, pr > uf: if firm ¢ reallocates mass from lower to higher utilities, it
increases the chance that it is visited as the kth firm in the sequence, k by
k, so the mass reallocation increases its expected demand. The increase is
strict if + moves mass to utilities that weakly exceed u. So if firm ¢ moves
mass from v = u — 7 to u = u, its signals get a bit better and it is visited

earlier with a bit higher probability than without the mass reallocation.

Now suppose that firm ¢ is visited by a consumer as the kth firm in his
sequence and, instead of getting offer uf = @ — 7, he gets offer uf = u. The
consumer buys from firm ¢, whereas previously he would have returned to
firm 7 only if for all j > & in the visiting sequence u§ < u. (Note that u
“wins” against almost all u7 because 7 is small.) The probability that the
consumer gets such offers at all firms j > k in the visiting sequence happens
with a probability that is strictly below one for all £ < n. Thus, firm ¢ can
strictly increase its demand from consumers at a negligible cost. In other

words, this deviation is profitable. n

References

ALBRECHT, J., F. POSTEL-VINAY, AND S. VROMAN (2013): “An Equilibrium
Search Model of Synchronized Sales,” International Economic Review, 54, 473~
493.

ANDERSON, E. AND E. Fox (2019): “How Price Promotions Work: A Review of
Practice and Theory,” in Handbook of the Economics of Marketing, ed. by J.-P.
Dube and P. Rossi, North-Holland, Handbook of the Economics of Marketing,
497-552.

ANDERSON, E., B. MALIN, E. NAKAMURA, D. SIMESTER, AND J. STEINS-
SON (2017): “Informational Rigidities and the Stickiness of Temporary Sales,”
Journal of Monetary Economics, 90, 64—83.

ANDERSON, S. AND R. RENAULT (2017): “Search Direction: Position External-
ities and Position Bias,” Working Paper.

ARBATSKAYA, M. (2007): “Ordered Search,” RAND Journal of Economics, 38,
119-126.

38



ARMSTRONG, M. (2017): “Ordered Consumer Search,” Journal of the European
Economic Association, 15, 989-1024.

ARMSTRONG, M., J. VICKERS, AND J. ZHOU (2009): “Prominence and Con-
sumer Search,” RAND Journal of Economics, 40, 209-233.

ARMSTRONG, M. AND J. ZHOU (2011): “Paying for Prominence,” Economic
Journal, 121, F368-F395.

(2016): “Search Deterrence,” Review of Economic Studies, 83, 26-57.

BeEBCHUK, L., A. COHEN, AND H. SPAMANN (2010): “The Wages of Failure:
Executive Compensation at Bear Stearns and Lehman 2000-2008,” Yale Journal
on Regulation, 27, 257.

BiLs, M. aAND P. J. KLENOW (2004): “Some Evidence on the Importance of
Sticky Prices,” Journal of Political Economy, 112, 947-985.

Bivens, J. AND L. MiSHEL (2013): “The Pay of Corporate Executives and
Financial Professionals as Evidence of Rents in Top 1 Percent Incomes,” Journal
of Economic Perspectives, 27, 57-78.

BurDETT, K. AND K. JUDD (1983): “Equilibrium Price Dispersion,” Economet-
rica, 955-969.

BURGUET, R. AND Y.-K. CHE (2004): “Competitive Procurement with Corrup-
tion,” RAND Journal of Economics, 50-68.

BurTERSs, G. (1977): “Equilibrium Distributions of Sales and Advertising
Prices,” Review of Economic Studies, 44, 465-491.

CANT, J. (2019): “Food Inaccessibility in Flanders: Identifying Spatial Mis-
matches between Retail and Residential Patterns,” PhD thesis, Department
of Transport and Regional Economics, University of Antwerp.

CHEN, Z. AND P. REY (2012): “Loss Leading as an Exploitative Practice,”
American Economic Review, 102, 3462-82.

Cuor, M., A. Da1, AND K. Kim (2018): “Consumer Search and Price Compe-
tition,” Econometrica, 86, 1257-1281.

CHoI1, M. AND L. SMmITH (2020): “Optimal Sequential Search,” Working Paper.

CREMER, J. AND M. RIORDAN (1987): “On Governing Multilateral Transactions
with Bilateral Contracts,” RAND Journal of Economics, 436—451.

CUNAT, V. AND M. GUADALUPE (2009): “Globalization and the Provision of
Incentives Inside the Firm: The Effect of Foreign Competition,” Journal of
Labor Economics, 27, 179-212.

39



DuvyNE, E., L. ALVvAREZ, H. LE BiHAN, G. VERONESE, D. Dias, J. HOFF-
MANN, N. JONKER, P. LUNNEMANN, F. RUMLER, AND J. VILMUNEN (2006):
“Price Changes in the Euro Area and the United States: Some Facts from Indi-
vidual Consumer Price Data,” Journal of Economic Perspectives, 20, 171-192.

DiamonD, P. A. (1971): “A Model of Price Adjustment,” Journal of Economic
Theory, 3, 156—-168.

DiLME, F. AND D. GARRETT (2021): “A Dynamic Theory of Random Price
Discounts,” Working Paper.

DING, Y. AND T. ZHANG (2018): “Price-Directed Consumer Search,” Interna-
tional Journal of Industrial Organization, 58, 106—135.

FABBRI, F. AND D. MARIN (2016): “What Explains the Rise in Executive Pay
in Germany? A Panel Data Analysis for 1977-2009,” Scandinavian Journal of
Economics, 118, 235-263.

FABRA, N. AND M. REGUANT (2020): “A Model of Search with Price Discrimi-
nation,” Furopean Economic Review, 129.

GALENIANOS, M. AND P. KIRCHER (2009): “Directed Search with Multiple Job
Applications,” Journal of Economic Theory, 144, 445-471.

GARCiA, D. AND S. SHELEGIA (2018): “Consumer Search with Observational
Learning,” RAND Journal of Economics, 49, 224-253.

GERSTNER, E. AND J. HESs (1990): “Can Bait and Switch Benefit Consumers?”
Marketing Science, 9, 114—124.

GROSSMAN, G. AND C. SHAPIRO (1984): “Informative Advertising with Differ-
entiated Products,” Review of Economic Studies, 51, 63-81.

HAAN, M. AND J. MORAGA GONZALEZ (2011): “Advertising for Attention in a
Consumer Search Model,” Economic Journal, 121, 552-579.

HaaN, M., J. MORAGA GONZALEZ, AND V. PETRIKAITE (2018): “A Model of

Directed Consumer Search,” International Journal of Industrial Organization,
61, 223-255.

HART, O. AND J. TIROLE (1990): “Vertical Integration and Market Foreclosure,”
Brookings Papers on Economic Activity. Microeconomics, 1990, 205-286.

JANSSEN, M. AND J. MORAGA GONZALEZ (2004): “Strategic Pricing, Consumer
Search and the Number of Firms,” Review of Economic Studies, 71, 1089-1118.

KApLAN, G. AND G. MENzIO (2015): “The Morphology of Price Dispersion,”
International Economic Review, 56, 1165-1206.

40



KaprLAN, G., G. MENzIO, L. RUDANKO, AND N. TRACHTER (2019): “Rel-
ative Price Dispersion: Evidence and Theory,” American Economic Journal:
Microeconomics, 11, 68-124.

KIRCHER, P. (2009): “Efficiency of Simultaneous Search,” Journal of Political
Economy, 117, 861-913.

KoHN, M. AND S. SHAVELL (1974): “The Theory of Search,” Journal of Eco-
nomic Theory, 9, 93-123.

MAURING, E. (2021): “Search and Price Discrimination Online,” CEPR Discus-
sion Paper no. DP15729, CEPR.

McCAFEE, P. AND M. SCHWARTZ (1994): “Opportunism in Multilateral Ver-
tical Contracting: Nondiscrimination, Exclusivity, and Uniformity,” American
Economic Review, 210-230.

McKINSEY (2019): “How Analytics Can Drive Growth in Consumer-Packaged-
Goods Trade Promotions,” McKinsey € Company.

MENzIO, G. (2007): “A Theory of Partially Directed Search,” Journal of Political
Economy, 115, 748-769.

MOoEN, E. (1997): “Competitive Search Equilibrium,” Journal of Political Econ-
omy, 105, 385-411.

NAKAMURA, E. AND J. STEINSSON (2008): “Five Facts about Prices: A Reeval-
uation of Menu Cost Models,” Quarterly Journal of Economics, 123, 1415-1464.

NIELSEN (2015): “The Path to Efficient Trade Promotions,” Nielsen Company.

OBRADOVITS, M. AND P. PLAICKNER (2020): “Price-Directed Search, Product
Differentiation and Competition,” Working Paper, University of Innsbruck.

O’BRIEN, D. AND G. SHAFFER (1992): “Vertical Control with Bilateral Con-
tracts,” RAND Journal of Economics, 299-308.

OECD (2009): “Corporate Governance and the Financial Crisis - Key Findings
and Main Messages.” OECD.

OSBORNE, M. J. AND A. RUBINSTEIN (1998): “Games with Procedurally Ra-
tional Players,” American Economic Review, 834—847.

PARAKHONYAK, A. AND M. TiTOovA (2018): “Shopping Malls, Platforms and
Consumer Search,” International Journal of Industrial Organization, 58, 183—
213.

QUAN, T. W. anD K. WiLLIAMS (2018): “Product Variety, across-Market De-
mand Heterogeneity, and the Value of Online Retail,” The RAND Journal of
Economics, 49, 877-913.

41



RUDANKO, L. (2021): “Price Setting with Customer Capital: Uniform Pricing,
Sales and Rigidity,” Working Paper, Federal Reserve Bank of Philadelphia.

SALOP, S. (1977): “The Noisy Monopolist: Imperfect Information, Price Disper-
sion and Price Discrimination,” Review of Economic Studies, 44, 393-406.

SHAFFER, G. (2005): “Slotting Allowances and Optimal Product Variety,” The
B.E. Journal of Economic Analysis & Policy, 5.

SINITSYN, M. (2017): “Pricing with Prescheduled Sales,” Marketing Science, 36,
999-1014.

SOBEL, J. (1984): “The Timing of Sales,” Review of Economic Studies, 51, 353~
368.

SPIEGLER, R. (2006): “Competition over Agents with Boundedly Rational Ex-
pectations,” Theoretical Economaics, 1, 207-231.

STAHL, D. (1989): “Oligopolistic Pricing with Sequential Consumer Search,”
American Economic Review, 700-712.

STIGLER, G. (1961): “The Economics of Information,” Journal of Political Econ-
omy, 69, 213-225.

TeH, T.-H. AND J. WRIGHT (2020): “Intermediation and Steering: Competition
in Prices and Commissions,” American FEconomic Journal: Microeconomics,
forthcoming.

VARIAN, H. (1980): “A Model of Sales,” American Economic Review, 70, 651
659.

VER PLOEG, M., L. MANcCINO, J. ToDD, D. M. CLAY, AND B. SCHARADIN
(2015): “Where Do Americans Usually Shop for Food and How Do They Travel
To Get There? Initial Findings From the National Household Food Acquisition
and Purchase Survey,” Economic Information Bulletin, 138, USDA.

WEINSTEIN, J. AND A. AMBRUS (2008): “Price Dispersion and Loss Leaders,”
Theoretical Economics, 3, 525-537.

WEITZMAN, M. (1979): “Optimal Search for the Best Alternative,” Economet-
rica, 641-654.

WiLsoN, C. (2010): “Ordered Search and Equilibrium Obfuscation,” Interna-
tional Journal of Industrial Organization, 28, 496-506.

WORLD BANK (2021): “GDP per Capita,” https://data.worldbank.org/
indicator/NY.GDP.PCAP.CD?end=2002&locations=XC-US&start=1995, (ac-
cessed: 07.06.2021).

ZHou, J. (2011): “Ordered Search in Differentiated Markets,” International Jour-
nal of Industrial Organization, 29, 253-262.

42


https://data.worldbank.org/indicator/NY.GDP.PCAP.CD?end=2002&locations=XC-US&start=1995
https://data.worldbank.org/indicator/NY.GDP.PCAP.CD?end=2002&locations=XC-US&start=1995

	Introduction
	Model
	Equilibrium in price distributions
	A consumer's and a firm's problem
	Equilibrium price distribution
	Comparative statics

	Extensions
	Imperfect matches
	Some consumers do not get price signals

	Discussion
	Assumption of partially directed search
	Firms' strategy spaces
	Endogenous level of price stickiness
	Disciplined deception
	Labour-market interpretation

	Conclusion
	Appendix

