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Abstract

This paper examines how the distribution of prices and consumer welfare change with
the number of competitors in a model where consumers differ in the amount of price
information they have. We only assume that an increase in the number of competitors
results in an increase in the probability that consumers observe more prices. We then
show, first, that the lower percentiles of the price distribution must decrease when the
number of competitors goes up, while the higher percentiles of the price distribution need
not decrease. We next provide a sufficient condition for all price percentiles to decline.
In such a situation, some percentiles fall more than others, which leads to asymmetric
consumer welfare gains from increased competition. Third, we provide a sufficient condi-
tion under which the higher percentiles of the distribution of prices paid by all types of
consumers increase. When this happens, the probability that a consumer already paying
a high price will pay even a higher price increases and it may even be the case that some
consumers experience a welfare loss on average. Nevertheless, the weighted average price
paid by consumers — the consumer surplus — always (weakly) decreases with increased
competition. We provide an empirical strategy to identify how the response of prices to
increased competition varies along the price distribution and use gasoline price data from
the Netherlands to illustrate.



1 Introduction

Standard Cournot and Bertrand oligopoly models predict that an increase in the number
of firms will lower the equilibrium price. When an additional firm enters the market
the equilibrium price falls because firms cut their output (price) too little (much) since
they do not internalize the externalities their output (or pricing) decisions have on one
another. These standard models formalize the widely accepted view in economics that
more competition, as measured by an increase in the number of firms, (1) lowers prices
and (2) benefits all consumers.

An important assumption behind these models is that all prices are known to con-
sumers. This implies that market equilibrium is characterized by a single price, whereas
casual observation and empirical studies indicate that identical stores charge different
prices for the same product. In a seminal paper, Varian (1980) shows that price dis-
persion can be generated as an equilibrium phenomenon when consumers differ in the
amount of information they have about prices. In Varian’s model, the Nash-Bertrand
symmetric equilibrium is one of mixed strategies: in equilibrium, firms draw prices from a
common non-degenerate price distribution thereby producing price dispersion.’ His model
and, more generally, models based on imperfect and heterogeneous consumer information
about prices help rationalize the price dispersion we often observe in real-world markets.?

Varian’s model, however, predicts that the mean price increases with the number
of firms.? This is considered an unappealing feature of the model because it is counter-
intuitive and it is not what is usually observed in empirical studies (e.g., Barron et al.,
2004; Hosken et al, 2008; Haynes and Thompson, 2008). In fact, this distinct prediction

has been used to discriminate among possible explanations of observed price dispersion

'In the absence of the possibility to price discriminate across different types of consumers, mixing in
prices arises as the optimal way to resolve the tension between charging low prices and obtaining profits
from the more informed consumers and charging higher prices and profiting from the less informed
consumers.

For a recent survey of models that generate price dispersion, see Baye et al. (2006).

3Varian himself did not prove this result. For a proof see Janssen and Moraga-Gonzdlez (2004) and
Morgan et al. (2006).



and Varian-type models have been dismissed because mean prices are often observed to
decline with increased competition.

In this paper we present a more general oligopoly model where we allow for arbitrary
heterogeneity in the amount of price information consumers have.* In such a model, we
study how a change in the number of firms affects different percentiles of the distribution
of prices. We do this by assuming that after the number of firms increases, all consumers
become weakly better informed about prices; that is, the post-entry distribution of price
information in the population of consumers dominates the pre-entry distribution of price
information in a first-order stochastic sense.

The paper makes several contributions. First, we derive a sufficient condition under
which all percentiles of the price distribution decrease when competition is intensified.
This condition, which is stronger than first-order stochastic dominance but weaker than
the monotone likelihood ratio property, requires the ratio of consumers informed about
one price to those informed about s prices, s = 2,..., N, to decrease when competition is
intensified (/V is the number of firms). If this condition holds, then we get the result that
more competition lowers prices and benefits all consumers, exactly as in standard Cournot
and Bertrand models. Put in perspective, whereas the earlier literature on imperfect price
information analyzed markets where the distribution of price information had two-point
supports (e.g. Varian, 1980; Rosenthal, 1980; Schwartz and Wilde, 1985) our model is, to
the best of our knowledge, the first to allow for an arbitrary distribution of information

among consumers.” It turns out that this generalization, besides being more realistic,

4Varian’s (1980) model of sales is isomorphic to an all-pay auction where firms bid by cutting prices
in order to win a prize consisting in the additional demand stemming from the fully informed customers
(Baye et al., 1992; Moldovanu and Sela, 2001). Allowing for an arbitrary distribution of price information
in the market, as we do in this paper, sets our model apart from the all-pay auction literature. First,
we do have multiple heterogeneous prizes as in Barut and Kovenock (1998) but in our game a single
player can win many, even all, prizes at a time. Second, since poorly informed consumers only see a few
prices a firm bidding for these consumers is only in competition with a subset of other rivals; in this sense
our game is better seen as one where players participate in multiple simultaneous all-pay auctions with
different number of rival players and heterogeneous prizes. To the best of our knowledge, this situation
has not been studied so far.

°In Burdett and Judd (1983) due to the homogeneity of search costs, consumers search only once
or twice in equilibrium. Many consumer search models, specially those involving oligopolistic market
structures, use search cost distributions with one- or two-point supports (e.g., Stahl, 1989; Fersthman and
Fishman, 1992; Janssen and Moraga-Gonzalez, 2004). As a result, the distribution of price information



allows for all the percentiles of the price distribution, and by implication the mean price
paid by all consumer types, to decrease with the number of firms. It follows, then,
that Varian’s implication on the relationship between the number of firms and the mean
price is a consequence of his assumption on the distribution of information, and not a
general characteristic of models with mixed strategy equilibria arising from imperfect and
heterogenous consumer information about prices. In fact, as shown by Chen and Riordan
(2007) and by Perfoff, Suslow and Seguin (2005), prices can also increase in the number of
firms in pure strategy equilibria when there is spatial segmentation on the demand side.
Second, we provide a necessary and sufficient condition under which the high per-
centiles of the price distribution increase with the number of firms, whereas the low
percentiles decrease. We show that when the ratio of consumers observing one price only
to consumers observing two prices increases with the number of firms, then the upper
percentiles of the price distribution increase. This condition is intuitive when we think
about the equilibrium price distribution as a set of prices intended to attract different
types of consumers. The low prices of the price distribution are meant to attract con-
sumers who are well informed while higher prices are intended for the progressively less
informed consumers. If the number of competitors increases, firms have no other alter-
native than to cut prices if they want to capture the well informed consumers; therefore
the low percentiles of the price distribution go down. Note that as we move up in the
price distribution, the prices are less and less successful at capturing consumers. At the
top of the price distribution, firms, in effect, only care about consumers observing one
or two prices because the chance of selling to other consumer types is negligible. Given
this, if the number of consumers observing one price relative to those observing two prices
increases when we move from an N-firm to an N+ 1-firm market, then firms prefer to raise
their higher prices and therefore the upper percentiles of the price distribution increase.
Our third contribution is to study the welfare implications of the price changes
generated by an increase in the number of firms. Since an increase in competition may

be felt differently at distinct percentiles of the price distribution, consumers exposed to

that arises in market equilibrium has often two- or three-point supports.



more prices may experience a welfare gain that differs in sign and in magnitude from
the one derived by consumers exposed to fewer prices. In this regard, and example
shows that when all prices fall, intermediate prices fall more than extreme prices and,
as a result, poorly informed consumers gain more from increased competition than well-
informed consumers. This is an interesting result since it runs counter to the intuition
that increased competition is more beneficial to well-informed consumers. Next, we prove
that when the frequency of low and high prices increases with competition then, no matter
the consumer type, the probability that a consumer already paying a high price will pay
even a higher price increases. On average, however, consumers may or may not pay higher
prices. This depends on the exact way in which the information structure in the market
changes with the number of firms. We provide a sufficient condition under which the
least informed consumers experience welfare losses with increased competition, exactly as
it occurs in Varian’s model. The condition is sufficient and some examples show that it
may be the case that various types of consumers, not just the least informed type, derive
a welfare loss after the number of firms increases.

Fourth, when we look at aggregate consumer surplus we find that the weighted
average price paid by consumers decreases with competition. Because some consumers
can experience welfare losses, this implies that the benefits to some consumers more than
offset the losses (if any) to some other consumers.

In sum, our results imply that (1) welfare gains from increased competition need
not be positive for all consumers; (2) when some consumers gain and others lose, those
who gain benefit (weakly) more than those who lose so the weighted average impact
of competition is (weakly) favorable; and (3), when all consumers gain from increased
competition, the gains can be asymmetrically distributed across consumers.

Our final contribution is to assess the empirical relevance of these observations.
For this purpose, we use gasoline prices in the Netherlands to estimate how distinct
percentiles of the price distribution respond to changes in the number of gas stations.
Given our (essentially) cross-sectional data, we show that, under reasonable assumptions,
we can identify how the price response to increased competition changes along the price

distribution, even though the price response itself may be biased due to the potential
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endogeneity of the number of gas stations. Our data confirm that the response of prices
to increased competition varies along the price distribution, as predicted by the theoretical
model. In a parametric specification of the model we find that the response of prices to an
increase in the number of competitors is more pronounced in the middle of the distribution.
This result, which confirms some of the outcomes in the theoretical model, suggests that
the less informed consumers benefit twice as much from increased competition than the
more informed consumers.

Since imperfect and heterogeneous price information is prevalent in many markets
subject to competition-enhancing policies (telecom and financial services, gasoline, gas,
electricity, airlines, etc.), the price and welfare effects of such policies might not be as
straightforward as those implied by standard models. Typical empirical studies focus on
the response of the mean price and variance to increased competition.® Since, as shown in
this paper, increased competition can potentially have unequal effects among consumers,
such focus would be too narrow to be able to capture the complexity of welfare effects
generated by increased competition. Our results also emphasize that distributional issues
should become a central part of any welfare assessment of competition-enhancing policies
(industry deregulation, trade liberalization, transparency laws, etc.). This, again, advo-
cates the importance of taking a broader view where the interaction between competition
and consumer policy is taken into consideration (Armstrong, 2008; Armstrong et al., 2009;
Waterson, 2003; Wu and Perloff, 2007).

The paper proceeds as follows. In Section 2 we present a model of the distribution
of prices in an oligopolistic market where consumers differ in the amount of prices they
observe. We analyze the effect of increased competition on prices and on the welfare of
different types of consumers. In Section 3 we confront the predictions of the theoretical
model with data on gasoline prices in the Netherlands. We close the paper by offering some
concluding remarks and potential avenues for further research. Proofs of Propositions are

relegated to the Appendix.

0See, for example, Borenstein and Rose (1994), Barron, Taylor and Umbeck (2004), Baye et al. (2004),
Lewis (2008), and Gerardi and Shapiro (2009).



2 A model of the distribution of prices

In many markets for homogeneous goods the law of one price fails to hold and prices are
significantly dispersed.” As shown in a large literature on search and advertising costs
an important source of price dispersion is the substantial amount of heterogeneity in the
information consumers have about prices.®

Inspired by the work of Varian (1980) and Burdett and Judd (1983), we propose
a model where N > 2 retailers compete in prices to sell a homogeneous good to a large
number L of heterogeneous consumers. At a given moment in time, a consumer wishes
to purchase at most a single unit of the good.” The maximum willingness to pay for the
good of a firm is given by v. Letting ¢ denote the unit cost of a firm, define k = v —c. We
assume that consumers do not have information about all the prices in the market. To
capture consumer heterogeneity in knowledge about prices in a flexible way, we assume
that the entire population of consumers L can be divided into various types indexed by
s =1,2,..., N, each type consisting of all the consumers with similar exposure to price
information. In particular, we assume that a fraction ps(N) > 0 of the consumers is
informed about s prices in the market; by construction Zivzl ps(N) = 1. The vector
w(N) = (1 (N), po(N), ..., un(N)) is then a probability distribution over the number
of prices a consumer can observe and represents the distribution of price information in
the market. The argument N indicates that p(/N) has up to N coordinates and that the
value taken by each coordinate may change with the number of retailers operating in the
market.

There are various reasons for ;(N) to depend on N. Suppose, for example, that

consumers observe prices while they move around the city, as when going to work, to

"Recent empirical studies documenting price dispersion in various markets for homogeneous products
include Lach (2002) and Wildenbeest (2011) for grocery products, Hortacsu and Syverson (2004) for
mutual funds, Barron, Taylor and Umbeck (2004), Hosken et al. (2008), and Lewis (2008) for gasoline
and Baye, Morgan and Scholten (2004) for products sold online.

8See the seminal papers by Stigler (1961), Butters (1977), Varian (1980), Rosenthal (1980), Burdett
and Judd (1983) and Stahl (1989).

9This assumption is inconsequential. All our results extend to the case where consumers have down-
ward sloping demand functions. We assume inelastic demands to ease the exposition only.



school, etc. We could think of this as “passive” search in the sense that consumers do not
deliberately take to the streets and search for low prices. A good example of passive search
is the way consumers get informed about gasoline prices. In this situation, after entry of
a new retailer, some consumers will encounter a new price quotation while some others
will not, depending on their movement patterns. This will make p(N) different from
(N + 1). An alternative mechanism through which consumers may gather information
is “active” consumer search (e.g., Stahl, 1989; Janssen and Moraga-Gonzélez, 2004). In
this situation, after entry of a new retailer, consumers will adjust their search patterns
and, as a result, the outcome p(N + 1) will differ from p(N). Finally, it may be that firms
distribute price advertisements to consumers and in this way they get informed about
various offers (e.g., Butters, 1977; Stahl, 1994). If, for example, firms use newspapers and
magazines to place ads, the structure of information p(N) will depend on the reading
patterns of the consumers. To the extent that advertising efforts depend on the number
of competitors, the outcomes u(N) and p(N + 1) will be different. In our paper we will
deliberately remain agnostic about the exact mechanisms through which price information
is gathered by and/or distributed to consumers and view pu(N) as a “reduced form” for
such mechanisms. Our focus will then be on the effect of an increase in the number
of firms on prices under a reasonable assumption about how the probability distribution
p(N) changes into p(N +1) when the number of competitors increases from N to N 1.1

Firms play a simultaneous-moves game. Let p; be the price of a firm . An individual
firm ¢ chooses its price taking the prices of the rival firms as given. We shall assume
1 > p1(N) > 0 which implies that the game has no pure-strategy equilibria. The intuition

is as follows. Consider the position of a firm ¢ and suppose all its rivals were charging a

0Tf we were to fully specify a model of search and/or advertising we would need, instead, to make
assumptions on the primitives of the structure of information (V). That is, assumptions on the search
cost distribution and/or on the advertising cost function. The difficulty with doing this is that, to the
best of our knowledge, there is no theoretical study that pins down how the intensity of consumer search
changes with the number of firms for arbitrary search costs distributions. Stahl (1996) and Moraga-
Gonzilez et al. (2010) study sequential and non-sequential search versions but focus on proving existence
of equilibrium and on giving conditions for uniqueness. Armstrong et al. (2009) also consider a general
model. In their model one would need to make assumptions about how the probability generating
functions for the number of prices consumers view change with N, which in spirit is quite similar to what
we actually do here. Both Stahl (1989) and Janssen and Moraga-Gonzdlez (2004) focus on the case in
which the distribution of search costs has a two-point support.



price p, with ¢ < p < v. There are two forces that affect the price-setting decision of a
firm i. First, there is a desire to steal business from competitors, which pushes this firm
to offer better deals than the rivals. This desire arises because there exist consumers who
happen to see various prices and can therefore choose in which of the firms to buy (i.e.,
ps(N) > 0 for at least one s € {2,3,..., N}). Second, the possibility of extracting surplus
from consumers who do not compare prices prompts a firm ¢ to offer higher prices than
the rival firms. This desire arises because there exist consumers (in particular, a fraction
p1(N)/N > 0) who have no other option but to buy at firm 7. It is easy to see that either
of these deviations destabilizes the proposed equilibrium price p. Therefore a single price
level cannot accommodate these two incentives.!!

Denote the mixed strategy of a firm ¢ by a distribution of prices F;. We shall only
study symmetric equilibria, i.e., equilibria where F; = F for all i = 1,2,...,N.!? To
calculate the expected profit obtained by a firm i offering the good at a price p; € [c, v]
when its rivals choose a price randomly chosen from the cumulative distribution function
F', we first consider the chance that firm ¢ sells to a consumer of type s, i.e., to a consumer
that observes s prices in the market. The chance that such a consumer observes the price
of firm 7 is s/N and, conditional on this, the probability that firm i sells to this consumer
at price p; is (1 — F(p;))*~*. The expected profit to firm i from all types of consumers is
therefore

(o F) = Lo — ) | S0 = 1 )

s=1

In a mixed strategy equilibrium, a firm ¢ must be indifferent between offering any
price level in the support of F; and offering the upper bound p,;. Therefore, any price p; in
the support of F; must satisfy I1;(p;; F') = I1;(p;; F'). In symmetric equilibrium, F; = F,

p; = p and II; = TI. Therefore, since I1(p; F') is monotonically increasing in p, it must be

' As in Varian (1980), when p;(N) = 1, then all firms offering p = v is a pure-strategy equilibrium.
When p1(N) = 0 instead, then all firms offering p = ¢ is a pure-strategy equilibrium.

12Standard derivations, which can be readily adapted from, e.g., Varian (1980), show that the support
of F must be a convex set and that F' cannot have atoms.



the case that p = v and II(p; F') = kg1 (N). Hence, F' must solve

N

> sps(N)(1— F(p)

s=1

(p—c) = kpa (N). (2)

for any p in the support of F' given by [C TR L) - U] 13

Sl sus(N)’
A close look at equilibrium condition (2) serves to make an important point: what

truly matters for determining the equilibrium price distribution of a firm is not N — the
number of firms — but the distribution of information among consumers, pu(N)." Tt is
therefore changes in the distribution of information that cause more or less “competitive
pressure” in the market; changes in N per se have no effect on prices. We summarize this

result in:

Proposition 1 The number of firms N affects the equilibrium price distribution only

indirectly through the probability distribution of price information among consumers (N ).

Unfortunately, equation (2) cannot be solved explicitly for F, except in special cases.
Existence and uniqueness of an equilibrium price distribution can, however, be easily
proven (see Burdett and Judd, 1983). Numerically, the equilibrium price distribution F' is
obtained by solving equation (2), given values of N, u(N),v and c. Let F(p; u(N), ¢, k) be
the solution to (2). In Figure 1 we plot two examples of how equilibrium price distributions
are affected by the number of firms. In the left panel, the blue line shows the case when
N =2, 4(N) = (0.5,0.5), v =1 and ¢ = 0, while the red curve shows the case of N = 3,
u(N) = (0.5,0.25,0.25), v = 1 and ¢ = 0. The graph advances a point around which the
paper revolves, namely, that an increase in the number of firms may result in a upward
shift of the price distribution. In such a case, all consumer types would pay lower prices

on average, as one would expect from standard oligopoly models. However, this need not

I3Notice that, since u1(N) > 0, the lower bound of the price distribution is always above marginal
cost. This reflects the fact that firms have market power and this market power is greater the higher the
fraction of consumers who are informed about one price only.

14We note that this relies on the assumption of constant returns to scale. With economies or disec-
onomies of scale, the decrease in quantities caused by an increase in the number of firms would have cost,
and by implication, price consequences.



be the case, as shown in the right panel where the blue line is the same as before and the
red curve corresponds to the case N =3, u(N) = (0.3,0.35,0.35), v =1 and ¢ =0
Though it is in general impossible to obtain the equilibrium price distribution ana-

lytically, we can easily derive its inverse

kpa (N)
T uW(N),c, k) =c ~ —
LR = et e ()

If we let 7 in equation (3) take on values in the unit simplex we obtain the corresponding

(3)

percentiles of the equilibrium price distribution of a firm. For example, setting 7 = 0.8,
equation (3) gives the 80" percentile of the price distribution.
The lower bound of the price distribution follows from setting F'(p;-) = 0, which

gives
kpy (N
25:1 SILLS (N)
Notice that, since p1(N) > 0, the lower bound is always above marginal cost. This reflects

the fact that firms have market power and this market power is greater the higher the

fraction of consumers who are informed about one price only.

2.1 Equilibrium price distribution and the number of firms

The purpose of this paper is to study the relationship between prices in a market and
the number of firms. Typical studies focus on the first and second moments of the price
distribution. Here, we take a broader approach and examine the response of all the
percentiles of the price distribution, given by (3), to changes in the number of competitors.

From Proposition 1, we know that changes in NV per se have no effect on consumer
prices. It is therefore the change in the distribution of information from u(N) to u(N +1)
that creates more or less “competitive pressure” in the market. We can then perform
comparative statics by examining changes in the inverse of the price distribution (3)

caused by a change in the vector u(N).

10



To shorten the expressions, let ¢,y = q (7; u(N), ¢, k). We then have

o Fpa (N + 1) gt (N)
T 1 — Yr — 1 P
’ SV N+ 1) (1= SN s (V) (1— 7))

—~

kS [ N D] pvr (N 1)
HO{X:LMN);MN+DN1 R T ES VS >}

s=1

where

H() = [Z suS(N) (1-— 7)8_1] [Z S—M%i 1; (1—7)" >0.

1 #1(

Since k and H are positive, expression (4) clearly makes the point that the way
an increase in the number of firms affects the different percentiles of the price distribu-
tion is intimately linked to the way u(N) changes into u(N + 1). As mentioned above,
the exact way in which the coordinates of p(N) and p(N + 1) may differ depends on
the precise mechanism through which price information is gathered by and/or advertised
to consumers in the market and little can be said about this without making a num-
ber of assumptions regarding movement patterns of buyers, consumer search protocols,
distributions of search and advertising costs, etc. Nevertheless, irrespective of the pre-
cise mechanism underlying the distribution of price information in the market, what we
can reasonably expect is that every consumer has (weakly) more information when the

number of firms increases. We therefore make:

Assumption 1. An increase in the number of firms causes the price information set of
every consumer to become weakly larger, and that of some consumers to become strictly
larger. As a result, the distribution of price information in a market with N+1 firms must
dominate the distribution of price information in a market with N firms in a first-order

stochastic sense. That 1s,

N+1 N+1
forall h=2,3,..N, » p(N+1) > p(N)
s=h s=h
N+1 N+1
and for at least one h, Z ps(N +1) > Z ps(N). (5)
s=h s=h

11



where pn+1(N) = 0.

In other words, the fraction of consumers that observe exactly one price when there
are N + 1 firms cannot be larger than the same fraction when there are N firms in the
market, i.e., (N + 1) < py(N). Moreover, the fraction of consumers that observe at
least h prices when there are N + 1 firms cannot be smaller than the same fraction when
there are N firms in the market, and for some h it has to be larger.

We believe Assumption 1 is a very sensible assumption. It must certainly be sat-
isfied in settings where consumers gather information through “passive” search, as in
the empirical application on gasoline prices studied in Section 3. Admittedly, however,
Assumption 1 might be violated in markets where active search and advertising are ad-
ditional sources of information gathering and transmission.'” Nevertheless, we choose to
focus on situations where Assumption 1 is satisfied because it is in these situations that
our result that prices need not decrease after the number of firms increases is surprising.'
In addition, we also remark that this first-order stochastic dominance assumption is rel-
atively minimal in the sense that it does not impose a lot of structure on the way the
probability distribution over the number of prices a consumer is informed about changes
when we move from a market with N firms to a market with N + 1 firms. To illustrate
this, Figure 2 shows four possible ways in which the structure of information can change
when we move from a market with 3 firms to a market with 4 firms, all of them satisfying
Assumption 1.7

Despite Assumption 1 being rather weak, it yields interesting, and testable, results:

Proposition 2 Suppose that the number of firms increases from N to N + 1 and that
Assumption 1 holds. Then:

5For example, in the search model of Janssen and Moraga-Gonzalez (2004) search intensity may be
non-monotonic in the number of firms.

16Tf it were the case that consumers and firms decrease their search and advertising efforts after an
increase in the number of firms, it would be reasonable for prices to increase with entry.

1"In cases 1, 2 and 3, some consumers, the fraction 4, start observing 4 prices after entry. In case
1, the fractions of consumers observing either one or two prices stay the same, while in case 2 only the
fraction of consumers exposed to two prices remains fixed. In case 3, no fraction of consumers remains
constant. In case 4, no consumer starts observing 4 prices after entry; however, more consumers start
observing 3 prices.

12



(I) There exists a percentile T € (0, 1] such that all the percentiles T < T of the price
distribution decrease.

(I1) All the percentiles of the price distribution decrease if

ps(N+1) _ ps(N)
pi(N +1) = i (N)

(III) There exists a percentile T € [0,1) such that all the percentiles T > T of the

, foralls=1,2, ...N. (6)

price distribution increase if and only if'®

pa(N +1) _ ua(N)

(VD) < (V) @)

Given Assumption 1, more competitors in a market always results in a fall in the
lower quantiles of the price distribution. This result is intuitive. When all consumers
become (weakly) better informed, firms have no other alternative than to increase the
frequency with which they charge lower prices if they want to capture relatively well
informed consumers.

Condition (6) is a sufficient condition for the equilibrium price distribution with
N firms to dominate in a first-order stochastic sense the distribution with N + 1 firms.
In such a case, all percentiles of the price distribution fall as we move from an N- to an
N +1-firm market. This situation accords with the usual intuition that markets with more
firms have lower prices. We note that (6) is stronger than first-order stochastic dominance
(Assumption 1) but weaker than the monotone likelihood ratio property (MLRP).'? A
necessary and sufficient condition for an upward shift of the equilibrium price distribution

is, from equation (4),

[ O v <o

s=1

Tf pg(N)/p1(N) and po(N + 1)/ui(N + 1) are equal to one another, the condition involves the
smaller s for which ps(N)/pq (V) differs from ps (N +1)/p1 (N 4+ 1) (see Appendix). In Varian’s model,
us(N)=0for all s =2,3,..., N — 1, and pus(N +1) =0 for all s =2,3,..., N. As a result, the condition
reads pn(N +1)/p1(N + 1) < pun(N)/pu1(N), which is always satisfied because pun (N 4+ 1) = 0. This
explains why in Varian’s model the price distributions with N and N + 1 firms always cross one another.

1The MLRP requires that the ratio ps(N)/ps(N + 1) decreases in s (see Milgrom, 1981). If MLRP is
satisfied, then our condition (6) holds. However, when our condition holds, MLRP may be violated, as
in case 2 of Figure 2.
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for all 7 € [0,1]. We remark that (8) is violated in Varian’s (1980) model. In fact, in
Varian’s model p1(N) = p1(N + 1) and uy(N) = py+1(N + 1), the rest of the us(N)’s
and ps(IN+1)’s being zero. In this case, condition (8) requires Ny (N)—(N+1)un41(N+
1)(1 — 7) < 0, which can never be satisfied for all 7 € [0, 1].

The upper quantiles of the price distribution can increase, and this occurs surely
when condition (7) holds (which corresponds to cases 3 and 4 in Figure 2). The result
that prices can increase after the number of competitors goes up is counter-intuitive and
deserves an explanation. Note that cutting prices to capture well informed consumers
results in lower expected profits for the firms. As a result, firms try to compensate by
adjusting the frequency with which they charge higher prices, thereby generating profits
from the consumers who are less well informed about prices. Note that as we move up
in the price distribution, the prices are less and less successful at capturing well informed
consumers. In effect, at the top of the price distribution, firms only care about consumers
observing one or two prices because the chance of selling to other (better informed)
consumers is negligible. Given this, if the number of consumers observing one price
relative to those observing two prices increases when we move from an N-firm to an
N + 1-firm market, then firms prefer to raise the frequency of the higher prices and so the
upper percentiles of the price distribution increase. The strength of this “compensating”
effect can be so strong that the average price paid by some consumer types — the mean of
the distribution of transaction prices — may increase after increases in N. We study this
issue later in Section 2.2.

Proposition 2 discusses whether the percentiles of the price distribution increase or
decrease when we move from a market with N retailers to a market with N 4+ 1 retailers;
however, the proposition is silent with respect to whether some percentiles increase (or
decrease) more than others. This is an important issue because an increase in the number
of competitors may be felt more in some quantiles than in others and this opens up the
possibility that consumers’ gains from an increase in competition be asymmetric in sign
and magnitude. To investigate this issue further, we analyze in detail some of the cases

portrayed in Figure 2.
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Example 1 In case 2 of Figure 2, initially we have N = 3 and 1(3) = (1/3,1/3,1/3).
That is, one third of the consumers observe one price, another third two prices and the final
third three prices. After entry of a new retailer N = 4 we have u(4) = (1/6,1/3,1/3,1/6).
That is, the shares of consumers exposed to two or three prices remain constant but the
share of consumers observing one price decreases to one sixth in favor of the fraction of

consumers observing four prices, which increases to one sixth.

We start by noting that this example satisfies Assumption 1 and condition (6). As a
result, the equilibrium price distribution with /V firms dominates in a first-order stochastic
sense the equilibrium price distribution with N + 1 firms. This can be seen in the top-left
graph of Figure 3, where we have plotted the resulting equilibrium price distributions of a
firm with v = 1 and ¢ = 0. To see whether all percentiles decrease by the same magnitude,
we plot the corresponding equation (4) against 7 on the top-right graph of Figure 3. The
graph shows that an increase in competition is felt most at intermediate percentiles of the
price distribution.

We now proceed to discuss case 3 of Figure 2.

Example 2 As in Example 1 we start with N = 3 and (3) = (1/3,1/3,1/3). After entry
of a new retailer we have u(4) = (7/24,1/8,1/3,1/4). That is, the share of consumers
exposed to just one price goes down, but, in contrast to Example 1, the share of consumers

observing two prices decreases in favor of the share of consumers observing four prices.

We first note that this example also satisfies Assumption 1. Moreover, we observe
that it satisfies (7) in Proposition 2, which ensures that the upper percentiles of the price
distribution increase when we move from an N- to an N + 1-firm market. In fact, the
resulting equilibrium price distributions for a firm with v = 1 and ¢ = 0 can be seen in the
bottom-left graph of Figure 3. What is striking in this graph is that the price distributions
cannot be ranked according to the first-order stochastic dominance criterion. This follows
from the observations I (low percentiles decrease) and III (high percentiles increase) in
Proposition 2. We see, for example, that the 80" percentile of the price distribution

increases in N while the 20" percentile decreases.
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To see whether all percentiles respond to competitive pressure in the same way, we
plot the corresponding equation (4) against 7 on the bottom-right graph of Figure 3. The
graph shows that an increase in competition is felt most at relatively high percentiles of

the price distribution.

2.2 Consumer welfare and the number of firms

We have seen that the response to an increase in competition differs across the percentiles
of the price distribution. In particular, when we move from an N-firm to an N + 1-firm
market, we showed that some percentiles may decrease more than others and that some
percentiles may increase while others decrease. These two observations along with the
fact that consumers differ in their exposure to price information have two important im-
plications. Suppose, first, that all consumers benefit from increased competition. Because
some prices may decline more than others it is possible that not all consumers benefit
in the same way. That is, some consumers may derive greater benefits from increased
competition than others. A second implication is that, because some prices can actually
increase rather than decrease, some consumers may not benefit at all; that is, they may
end up getting lower utility, even on average. These implications of the model are in
stark contrast to standard full-information oligopoly models. In this subsection we pro-
ceed to study the welfare gains that different types of consumers derive from an increase
in competition.?’

The utility of a consumer who buys from a firm ¢ at a price p; is given by v — p;. De-
note the utility of a consumer who observes s prices by us = max {v — p1,v — pa, ..., v — ps}
where p1, pa, ..., ps are i.i.d. random variables drawn from the equilibrium price distribu-
tion F. The distribution of u, is G (us; u(N), ¢, k) = (1 — F(p; (N ), ¢, k))®. As in Section

2, we derive the inverse of the distribution of this statistic,

Ml(N)
£—1 )

s(Tsu(N) k) =k |1 — —%
Ys(75 (), k) SV (V)

where 7 takes values on [0, 1].

20Note that we ignore non-price effects of competition such as better quality of service, shorter distances
to retailers, etc., so that “welfare effects” here refers exclusively to price effects.

16



Following the same steps as before, we can study how the distribution of utilities
received by a consumer of type s (i.e., exposed to s prices) changes when we move from
an N-firm to an N + 1-firm market. Let ys,n11 = ys(7; u(N), k) to shorten the notation.
We then have

sTN+1 — S’T'N:k ,Ul(N) — M1<N+1) ]
Yo =Y [z;v: ()P S (N + 1)
(9)
kS [N 4D ()] e pvaa(N+1) x
M() {;E{ulw u1<N>]T VDT VD }

where

N N+1
pe(N) S (N + 1) e
M(-) = 14 (———= >0
=[] Rt
Given the similarity between the expression in (9) and that in equation (4), we have

the following

Corollary 1 (of Proposition 2) Suppose that the number of firms increases from N to
N + 1 and that Assumption 1 holds. Then, for all s=1,2,....N :

(I) There exists a percentile T € [0,1) such that all the percentiles T > T of the
distribution of utilities received by a type-s consumer increase.

(11) All the percentiles of the distribution of utilities received by a type-s consumer
increase if condition (6) holds.

(III) There exists a percentile T € (0,1] such that all the percentiles T < T of the
distribution of utilities received by a type-s consumer decrease if and only if condition (7)

holds.

In line with Proposition 2, an increase in the number of firms results in an increase
in the upper percentiles of the distribution of utilities derived by all consumer types.
When condition (6) holds, then all the percentiles of the utility distribution of a given
consumer type increase after the number of firms goes up.

The third result is perhaps the most interesting observation. Under condition (7),

it can be shown that the distribution of the price paid by any type of consumer when
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there are N + 1 firms in the market “crosses-over” the distribution function when there
are N firms (in the same was as in the right panel of Figure 1). In this situation, consider
the consumers paying a price above the “cross-over” price when there are N firms in the
market. The probability that these consumers pay even a higher price increases with
N. It follows that increased competition raises the probability that these consumers are
worse off, despite Assumption 1 being satisfied. We find this to be a remarkable result
and clearly in contrast with standard Cournot and Bertrand models.?!

Corollary 1 tells us about how the distribution of prices paid by the different con-
sumer types changes with the number of firms. Although the corollary tells us that under
condition (6) all consumers benefit from increased competition, it does not answer the
question of whether some consumers benefit more than others. In addition, the result
that under condition (7) prices actually paid by some consumers may go up with strictly
positive probability after an increase in the number of firms does not necessarily imply
that the welfare of these consumer types will be lower on average. To study whether con-
sumer welfare increases or decreases, and whether this depends on the number of prices
consumers are exposed to, we first compute the expected utility received by a consumer

who observes s prices, namely

~ t(N) —dr |, (10)
Doy Lhe(N)T

and, following the techniques in Janssen and Moraga-Gonzélez (2004), we study the sign

of

Ely) = | (0= 91 = Fp)y =k [1 -/ 1

o0

E[ySTN“F].] - E[yer]- (11)

Aggregate consumer welfare is then given by the weighted average consumer utility,

CS(UNY, . K) = B> piy(V) [1— / S ;fu“(x) —dr (12)
s=1 0 o=1 Y1t T s

21 Anecdotal evidence tells us that many consumers report not to have felt the “supposed gains” from
increased competition in liberalized markets such as airlines, gasoline, telecoms, etc. This might be
related to this fact in combination with consumers remembering bad news (about prices) more readily
than good news.
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Proposition 3 Suppose that the number of firms increases from N to N + 1 and that
Assumption 1 holds. Then:

(I) All consumers derive greater utility on average if (6) holds. However, average
utility gains are asymmetrically distributed across consumers.

(II) Consumers of type 1 derive lower utility if (7) holds and puy(N) = p1 (N + 1),
irrespective of how j1s(N) changes into pus(N + 1), s =2,3,..., N + 1.

(III) Aggregate consumer welfare increases (remains constant) if and only if i (N +

1) < (=)m(N).

Under condition (6), it is clear that all consumers will obtain (weakly) greater util-
ities on average, no matter whether their information set remains constant or increases.
Our next example illustrates part (I) of Proposition 3. In addition, the example shows
(1) that consumer benefits depend on s and therefore utility gains are asymmetrically dis-
tributed across the consumer population, and (2) that these gains need not be increasing

in s, that is, poorly informed consumers may benefit more that well informed ones.

Example 3 (A) Suppose that when N = 2 we have p(2) = (0.5,0.5), when N = 3 we
have 11(3) = (1/3,1/3,1/3) and finally, when N = 4 we have u(4) = (1/6,1/3,1/3,1/6).
If we numerically calculate the average utility received by the different types of consumers

s=1,2,3,4 and for N = 2,3,4, we obtain,

Expected Utility
N=2|N=3| N=4
s=1|0.451 | 0.564 | 0.706
s=210.549 | 0.693 | 0.830
5= 0.742 | 0.871
=4 0.890

The example illustrates that gains from increased competition when N increases from 3
to 4 for the type-1 consumers (0.706 — 0.564 = 0.142) are higher than those for the type-2
consumers (0.137), which in turn are higher than those of the type-3 consumers (0.129).
Therefore, gains from increased competition at N = 3 decrease in s.

(B) Suppose that when N = 2 we have pu(2) = (0.5,0.5), when N = 3 we have
w(3) = (0.4,0.45,0.15) and finally, when N = 4 we have pu(4) = (0.3,0.4,0.2,0.1). If we
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numerically calculate the average utility received by the different types of consumers we

get

Expected Utility

N=2| N=3| N=4
s=1|0.451 | 0.524 | 0.595

s=210.549 | 0.6539 | 0.721

s=3 0.683 | 0.769

s=4 0.793

In this case, gains from increased competition at N = 2 and N = 3 increase in s.

Proposition 3 also states the remarkable result that some consumers may experience
a welfare loss after the number of competitors increases. In fact, when condition (7) holds,
p1(N) = (N + 1) suffices for the type 1 consumers to experience a welfare loss. This
explains why mean prices increase in N in Varian (1980), Rosenthal (1980) and Stahl
(1989) (though in the latter the effect is amplified by an increase of the reservation price).
We notice that this condition is a sufficient condition and therefore the result is more
general. In fact, our next example shows also that when condition (7) is satisfied it may
be the case that various consumers types experience a welfare loss from an increase in

competition.

Example 4 Suppose that when N = 2 we have pu(2) = (0.5,0.5), when N = 3 we have
u(3) = (0.5,0.2,0.3) and finally, when N = 4 we have pu(4) = (0.5,0.1,0.2,0.2). If we
numerically calculate the average utility received by the different types of consumers s =

1,2,3,4 and for N = 2,3, 4, we obtain,

Exzxpected Utility
N=2|N=3| N=4
1] 0451 | 0.421 | 0.395
=210.549 | 0.545 | 0.535
s=3 0.601 | 0.603
=4 0.641

One main point deserves our attention. The average utility received by some con-
sumers may decrease, rather than increase, as we move from an N- to an N + 1-firm
market. This is the case for consumers who remain exposed to one price (as indicated

in the Proposition), but also for consumers who remain exposed to two prices. Part III
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of the Proposition shows that aggregate consumer welfare is constant for this example,
which implies that the sum of the gains of the consumers whose utility increases equal

the sum of the losses of the consumers whose utility decreases.

3 Empirical application

Our theoretical model makes it clear that the effect of a change in N works through
changes in the distribution of price information among consumers. The theoretical model,
however, is agnostic about how N affects the distribution of information u(N); it can
therefore accommodate various types of information gathering and/or transmission ac-
tivities satisfying Assumption 1. The model offers a framework for thinking about the
mechanisms through which N affects prices and offers new predictions regarding the sign
and magnitude of the impact of increased competition on the distribution of prices. But
are these predictions borne out in the data? To answer this question we use data on
gasoline prices in the Netherlands to estimate how the effect of increasing the number of

gas stations on prices, ¢,n+1 — ¢rnN, varies with 7, i.e., along the price distribution.

3.1 Adapting the model to the gasoline market

The market for gasoline is a good example of a market where price dispersion is observed.?
In this market, there are two prominent aspects that contribute to price dispersion. On
the one hand, gasoline retailers are typically differentiated in their characteristics. It is
reasonable to believe that retailers that offer a broader range of side-benefits such as longer
opening hours, credit card acceptance, car-washing facilities, etc. incur higher costs and
therefore charge higher prices. As a result, observed price differences may, to a certain
extent, be the outcome of such retailer differentiation. On the other hand, consumers
in these markets are imperfectly informed about prices and, as shown in Section 2, this

constitutes another source of price dispersion.

22Price dispersion in gasoline markets has been widely documented. Recent papers on this topic are,
for example, Barron, Taylor and Umbeck (2004), Chandra and Tappata (2008), Hosken et al. (2008),
and Lewis (2008).
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Following Wildenbeest (2011), we extend our theoretical model above to accommo-
date these two sources of price dispersion in a parsimonious way. Though the basic good
sold by firms, gasoline of a given grade, is a perfectly homogeneous product, here we adopt
the view that the good is sold bundled with a number of side-services. These services add
some value to the basic product and serve to “differentiate” retailers from one another.
Let ¢; be the unit cost of a firm 7 inclusive of the unit cost of the side-services available
at the gas station.

Consumers wish to fill up their gas tank, say, once a week and the maximum willing-
ness to pay for the good of firm i is given by v;, which is inclusive of valuation for gasoline
as well as for the side-services available at firm i. To keep things simple enough so that we
can still compute a symmetric equilibrium, we impose a quasi-symmetry assumption. In
particular, we assume that v; — ¢; is constant across firms, and let £ = v; —¢; for all 7. This
assumption can be rationalized if firms hire factors of production for services in perfectly
competitive markets and the production function of services exhibits constant returns to
scale (see Wildenbeest, 2011).23 Tt is then convenient to view firms as competing in the
(net) utilities, v; — p;, they offer to the buyers (as in Armstrong and Vickers, 2001). Under
the constant valuation-to-cost margin assumption, it turns out that firms have symmetric
(utility) strategy spaces and a unique symmetric equilibrium exists.

Consumers have full information about the maximum (gross) utility v; they can
get at the different retailers because retailer characteristics can be observed and are fixed
during the short run. Consumers, however, do not know all current prices in the market
because prices vary across stations and over time. As before, the vector p(N) represents
the distribution of information in the market.

We now denote the mixed strategy of a firm ¢ by a distribution of utilities U;. In
symmetric equilibrium U; = U for all : = 1,2,..., N. Following a similar reasoning as in

Section 2, the expected profit obtained by a firm 7 offering a utility level u; = v;—p; € [0, k]

23That is, potential gains from offering higher service levels end up being competed away in the market
for input factors. The result basically follows from an application of Euler’s theorem (see Wildenbeest,
2011). With homogeneous functions of degree 1, and when factors are paid their marginal productivity,
the total cost of producing a given level of services equals that level of services.

22



when its rivals choose a random utility according to the cumulative distribution U is

N

(ui; U) = Lk — u;) [Z S”SjéN ) U(ui)SII . (13)

s=1

Note that p; — ¢; = k — u; is the per-consumer margin for firm ¢ from offering utility w;.
In equilibrium, I(u; U) = £k (N) (where u = 0) has to be equal to II(u;; U). Therefore
U must solve

(k= u) [Z Sus(N)U(U)“] = k. (14)

for any wu.

Every firm offers a utility randomly drawn from the same utility distribution U.
However, the equilibrium distribution of firms’ prices differs from firm to firm because
each firm offers a different amount of side-benefits to consumers. In fact, the distribution

of prices of firm i is

Fi(p; w(N), v, k) =1 = U(v; — p; p(N), k) (15)
kpa (N)

Sl sus(N)”
The inverse of the equilibrium price distribution F; of a firm ¢ is then

kpa (N)
i \ T3 N,Ci,k =C; N 51
wirr) el = G N (=)

where 7 takes values on [0, 1]. Because ¢; = v; — k, this equation clearly shows that the

for p € |¢; + v;| .

(16)

prices of different firms reflect their differences in side-benefits. To illustrate this, Figure
4 plots the price distributions corresponding to three different firms with v; = 1, vy = 1.1,
vy = 1.2, u(N) = (0.3,0.35,0.35) and k = 1.

A desirable feature of this model is that it has the ability to explain two features
typically observed in price data from retail markets: the existence of serial correlation in
firm-level prices, and the observation that firms undercut one another (see e.g., Lach, 2002;
Lewis, 2008; Wildenbeest, 2011).2* Serial correlation is the result of the “fixed firm-effect”

v; (or ¢;): firms offering higher side-benefits draw their prices from supports containing

24Geee also our working paper, Lach and Moraga-Gonzalez (2009), for empirical evidence consistent
with the use of mixed strategies by gas stations in the Netherlands.
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higher prices and, as a result, they typically charge higher prices than firms offering
lower side-benefits. This, however, need not occur always because, when side-benefits are
somewhat similar across firms, the price supports of different firms will overlap. This
implies that, from time to time, firms offering higher side-benefits may be seen charging
lower prices than firms offering lower side-benefits.

In the next subsection we present the data that will allow us to estimate equation

(16) and test some of the theoretical findings in Section2.

3.2 The price data

We use daily prices for Euro 95 gasoline from a large sample of gas stations in the Nether-
lands. The price data were obtained from Athlon Car Lease Nederland B.V., the largest
private car leasing company in the Netherlands with over 129,000 cars as of the end of

25

2008 (www.athloncarlease.com).”> The typical contract between Athlon and its lessees
stipulates that Athlon pays for the gasoline consumed (up to a limit) as well as for car
maintenance, insurance, etc. In order to do this, Athlon gets the lessees’ gas receipts and
it is from these receipts that the fuel prices are retrieved. Athlon’s lessees do not get
special discounts so the prices reported by Athlon are actual prices paid by drivers at the
pump.

Prices were obtained from 3,143 gas stations for the 6-month period March 1, 2006—
September 1, 2006. Because the price information arrives directly from the lessees, not
all stations are sampled every day, which results in an unbalanced panel data of gas
stations.?® There are 247,962 station-day observations on Euro 95 prices. For illustration,

Figure 5 displays the density function of prices in all gas stations in the sample.

The mean and median price of Euro 95 gas in our sample is 142.2 and 142 cents,

2>The data used in this paper are part of the data collected and analyzed by Soetevent, Heijnen and
Haan (2008). We are indebted to them for providing us with the gasoline price data and the list of gas
stations operating in the Netherlands. They study whether ownership changes in highway gas stations
originating from a government program of auctions and divestitures enhances competition. For details
on the data collection, see their Appendix B.

26The number of days or, equivalently, the number of price quotations per gas station in the sample
ranges from 1 to 115 days with an average of 92 days and a median of 101 days. We have one price of
Euro 95 per station per day. Prices do not change during the day.
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respectively, and the standard deviation is 5.4 cents. Most of this variation is within
markets (municipalities): the average of the within-market standard deviations is 4.8
while the average of the within-market mean prices is 142.3. The lowest price is 102
cents while the highest price in the sample is 167. Not surprisingly, there is dispersion
in gasoline prices and, although, not very large it has some economic significance. As an
illustration, we computed the difference between the highest and lowest prices offered by
gas stations within the same market and during the same day. The largest difference was
38 cents (in Langedijk on May 2 and in Boxtel on June 4). This implies that a consumer
filling a 50-liter tank at the lowest-priced station instead of at the highest-priced station
would have saved 19 euros which is not a trivial amount.

We view our sample of prices from a gas station ¢ as random draws from the distri-
bution F;. We are able to assume this because of several reasons. First, Athlon’s lessees
do not pay themselves for the gas (it is part of the contract) and therefore it is reason-
able to assume that they have no incentives to search for gas stations offering the lowest
prices. This is important because, otherwise, our sample would have been a sample of
the stations with lowest-priced gasoline.?” Second, all gas stations in the Netherlands are
self-service and therefore there is a single price for gas in each station. Finally, we believe
that the extent to which various prices in a given market are set by a single firm (because
of joint-ownership) and/or reflect collusive agreements is minor, implying that prices can

be viewed as independent draws.?®

2TOn the other hand, these consumers may be choosing to buy from gas stations offering higher service
values and therefore higher prices. We do not control for this type of selection but we do not think it
is much of a problem since, as mentioned below, our sample covers 88 percent of all gas stations in The
Netherlands

28 Although we do not have information on the gas stations’ owners, according to the Dutch Competition
Authority, about 62 percent of the gas stations are owned and operated by independent dealers (NMa,
2006). The remaining stations belong to the main oil producers: BP, Esso, Shell, Texaco and Total. But
even among these branded stations, most are dealer-operated. For example, Shell serves fewer than 15
percent of the gas stations and about 2/3 of the Shell-branded gas stations are operated by dealers who
are free to set their own prices. This suggests that joint ownership of gas stations is not such a prevalent
phenomenon as one may be led to believe from casual observation (although we have no data on joint
ownership of gas stations by independent owners). An exception to this characterization was the highway
market, where most gas stations, 63 percent, were owned and operated by the large oil producers (NMa,
2006). However, starting in 2002, the Dutch government has forced divestitures of highway stations in
order to increase competition.
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Equilibrium utility (price) distributions are defined for a given market. We define
markets as the geographical area comprised by a municipality. There are 439 munici-
palities in the Netherlands for which we have gasoline price data. The majority of the
municipalities are quite small in terms of population: two thirds of the municipalities
have less than 30,000 inhabitants.?? We have a list of all the gas stations in each market
(in August 2007) and we can therefore compute N, but we do not have prices for all the
N stations since we only observe prices from Athlon’s lessees. On average across markets,
however, the number of stations in the sample represents 88 percent of all the gas stations.

The mean number of stations by market is 8.2, respectively, and there is a lot of
variation across markets — the standard deviation is almost as large as the mean, 7.6
stations. This variation is better seen in Table 1 where the distribution of N per market
(municipality) is tabulated. N ranges between 1 and 80 (Amsterdam has 59 stations and
Rotterdam has 80). Note that two thirds of the markets have 8 or less gas stations.

An important limitation of our data (common to most datasets) is the lack of
information on production costs. As will be seen next, lack of data on ¢; is likely to make

the number of stations endogenous.

3.3 Econometric methodology and results

We define the responsiveness of prices to a change in N at quantile 7 — the “competitive

response” at quantile 7— as
QNT = {¢irN+1 — GirN = g(N + ]-77_) - g(N7 7_)

_ p1(N)
where g(N,7) =k lesuszN)(l—T)Sfl'

Because ¢; is differenced out and the function g(N, 7) is the same to all firms in the

market, 0y, is also common to all firms in the market. We are interested in assessing

whether different quantiles respond differently to changes in competition. We will therefore

29This definition of the market ignores stations that may be geographically close (or in the way to work)
but located in different municipalities. However, it is not necessary for the gas stations to be located in
a given municipality, provided every gas station in a given municipality factors into its pricing strategy
the same distribution of information u(N). This would approximately be true as long as neighboring
municipalities do not differ much.
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study how @y, varies over quantiles 7 (for each value of N) as this will indicate whether
prices respond to changes in NV equally along the price distribution. In order to do this,
we use the data on prices and on N to estimate the function g(NN,7) in equation (16)
treating the unobserved unit cost ¢; as a disturbance.

In the data, we observe prices of gas stations located in one of the 439 municipalities
in the Netherlands. Let m = 1,...,439 index markets. Assume, for the moment, that
the function g(N,7) is the same across all markets. Then, the 7!" percentile or quantile

of the distribution of prices for firm ¢ in market m is
Qimr = Cim + g<Nm7 T) TC [07 1] (17)

Because N,, varies only at the municipality level, identification of its effect on prices
is based on the cross-sectional variation in the number of stations.?® This variation should
be exogenous, i.e., not correlated with unobserved factors that affect prices in the market.
The unobserved unit cost c¢;,, however, may be correlated with factors affecting N for
a variety of reasons, making N,, endogenous in (17). In order to generate exogenous
variation in N across markets one would need to examine the determinants of N and
use those variables that do not affect prices to create such variation (e.g., entry costs).
We will argue, however, that although g(N,,,7) cannot in general be identified (without
appropriate instrumental variables), changes in the competitive response, 0y, are.

To see this, we write the unobservable ¢;,, as the conditional expectation E(c;p,|Ny,)

plus a mean-independent disturbance e;, yielding
Gimr = E(Cim|Nm) + ¢(Npn, 7) + €im, 7€ [0,1] (18)

Thus, without imposing functional form restrictions, we can consistently estimate
E(¢im|Nm) + g(Nm, 7) but cannot separately identify F(cin,|Ny) and g(Ny,, 7). The esti-
mated competitive response would then identify F(ci,|Np+1)+g(Npy+1, 7)—E(Cim | Nm)—

g(Np, 7) which is biased for €y, unless ¢ is mean-independent of N,,. Note, however, that

30The length of the sample period, 6 months, is too short to observe much entry and in fact we do not
have records of entry episodes in our data.
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when E(¢,|N,,) does not depend on a particular quantile, changes in the estimated com-
petitive response across quantiles 7 do identify changes in the competitive effect. That

is, for any two quantiles 7 and 7" we have

{E(Cim|Nm +1) + g(Npy + 1,7) = E(Cim|Nim) — 9(Nn, 7) }

- {E(Cim|Nm + 1) + g(Nm +1, T/) - E(Cim|Nm) - Q(Nma T/)}
= [g(Nm +1,7) = g(Nim, 7)] = [9(Nn + 1,7") = g(Npp, 7')]

— Oxr — O

The intuition for this result rests on the observation that c;,, enters additively in

(17) and does not depend on the quantile. Loosely speaking, although it might be the

case that # 0, we have P 0, which allows us to identify the cross-partial effect

e
ON ONOT

9%q

3no-- That marginal cost ¢ does not depend on the quantile implies that the mean cost

at stations pricing at, say, the high end of the distribution does not differ from the
mean cost at stations pricing at the low end. This is reasonable in our context since gas
prices are not driven by idiosyncratic station-level cost but rather by the wholesale price
which is common to all gas stations. Moreover, gas stations sometimes post high prices
and other times post low prices as implied by the use of mixed strategies so that it is
the same set of stations observed with high and low prices. In sum, if we can estimate
E(¢im|Nm)+9(Ny, 7) for each (N,,, 7) we can then consistently estimate how the response
of prices to changes in competition varies along the distribution of prices.

We have assumed that the function g(N,7) is the same across markets. That is,
g(N, T) varies across markets only through variation in N. This means that the distribu-
tion of information depends on N only which may be an overly strong assumption since
there may be additional market-specific factors, besides N, that affect the mechanism
through which price information is gathered and/or advertised in the market. The point
is that some of these factors may also be correlated with N,,, as they may affect the
level of profits in the market, thereby precluding consistent estimation of (the mean value
of) g(Ny,, 7). Similarly, one could also argue that the function E(c;,|N,,) varies across

markets.
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We deal with this heterogeneity issue by adding market-level covariates to (18). In
essence, we assume that differences across markets enter additively and can be proxied
by a linear combination of covariates. Let E(cin|Ny) = hp(Np) and g, (N,y,, 7) be the
market-specific functions. We then assume that there is a vector of covariates X, such
that Ay (Nim) + G (N, 7) = E(Cim|Nm) + 9(Non, T) + XV +Em, where &, is a proxy error
uncorrelated with N, and X,,,, and the functions E(c¢;,,|N,,) and g(N,,, T) are common to
all markets. Note that we allow the covariates to have a differential impact across quan-
tiles.** X, includes the average household income in the municipality and the share of
cars registered to businesses (out of total cars in the municipality) which we expect both
to be positively correlated with the willingness to pay and with the share of non-price
sensitive consumers. Thus, income and business cars should positively affect prices. In
addition, since consumers’ shopping behavior may be different in a geographically small,
interconnected municipality than in a large, spatially-spread municipality, the distribution
of price information may vary with the geography of the market. We therefore include
control variables related to the geographic or spatial characteristics of markets, in partic-
ular, the total area of the municipality (in km?), the area that is land (also in km?), the
share of land that is built (urbanized), the share that is agrarian (the remainder is land
for recreation and forests), and the kilometers of roads within the municipality borders.

We have, so far, ignored the time dimension of the price data and implicitly assumed
that the prices for each gas station are sampled from the same time-invariant distribution.
This is an unrealistic assumption because changes in retail costs are mainly driven by
changes in the wholesale price of gasoline and this price changed frequently over the six
months sample period, thereby changing the distribution from which prices are drawn.
We will therefore include the daily spot price of gasoline from the Amsterdam-Rotterdam-
Antwerp (ARA) spot market in the estimation of each quantile to account for fluctuations

in retail costs over time.??

31But we assume no interaction between N and X so that, for given 7, the plots of ¢ against N across
markets are parallel to each other.

32The estimates are not affected if we use a distributed lag of the spot price instead of the contempo-
raneous price. To minimize the computation burden we use only the latter.
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Adding controls to (18) does not, of course, completely solve the endogeneity prob-
lem that arises from unobserved heterogeneity. Recall, however, that we do not wish
to estimate E(Cim|Nm) + g(Np, 7) but rather its change over 7. Thus, using the same
argument as before, we can argue that any unobserved (additive) factor affecting price
quantiles that is correlated with INV,, but does not vary across quantiles does not affect the
consistent estimation of 6y, — 0y, . In other words, we can estimate 0, — 0y, consistently
even if there is unobserved variation in E(¢;,|Ny) + (N, 7) correlated with N as long
as it is not quantile-specific.

We approximate E(cim|Ny) + g(Nm, T) by the natural logarithm of N (In N) and
estimate

Qimr = 00 + 0 In Ny, + X0 yr + €imr forteY (19)

where €;,,, embeds the various unobserved components and is assumed to be independent
of the covariates.?

We estimate (19) for the 11 percentiles in T = {0.05,.1,.2,.3, .4,.5,.6,.7,.8,.9,.95}
jointly using standard quantile regression methods.>* We do not use the 15 markets with
N =1 in the estimation since the model in Section 2 does not apply to monopolies.

Under (19), the estimated competitive response is Oy, = In [N 4+ 1/N] 5. Figure 6
plots o, against T (the factor In [N + 1/N] starts at 0.41 when N = 2 and declines very
rapidly). Recall, however, that In [N + 1/N]d; is not a consistent estimate of 6y, since
ST is biased for g(N, 7). This bias, however, does not vary across quantiles and therefore
the “true” (unbiased) plot in Figure 6 is a parallel shift of the observed plot.*> We should
therefore focus on how the estimated price response changes with 7 rather than on the
precise level of this response.

A flat line in Figure 6 would indicate that the price response does not vary along

the distribution of prices. This is not what we observe. In fact, the competitive response

33 cim7+ includes the retail cost shock ey, the proxy error &, as well as functional form approximation
erTors.

34We use the command sqreg in Stata 11. We do not estimate more extreme quantiles since the
asymptotic distribution of estimators of extreme quantiles is non-standard (see Chernozhukov, 2005).

35The sign of the bias E(c|N + 1) — E(c|N) is not clear a-priori.
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varies, sometimes dramatically, across quantiles. 6y, declines until the middle part of
the price distribution and thereafter increases. Overall, the empirical evidence supports a
prediction of the model in Section 2, namely that, when the equilibrium is characterized
by price dispersion, an increase in competition can have asymmetric effects on prices.

The equilibrium price distribution, however, is not the same as the distribution of
prices actually paid by consumers.*® In general, consumers observing only a few prices
end up paying prices close to the mean of the distribution, while consumers observing
many prices buy at the lowest prices. Figure 6 suggests that consumers observing only a
few prices benefit twice as much than consumers observing many prices. This means that
it is the less informed consumers that seem to benefit more from increased competition.
This empirical result is novel and surprising and can be rationalized by changes in the
distribution of price information in the market (see top panel of Figure 3).

The statistical significance of our estimates of 8y, — 6y, the slope of the plot in
Figure 6, depends on the stochastic properties of the error term &;,, in (19) because
these matter for the way in which we compute standard errors. Recall that we control
for aggregate price fluctuations and market-level factors and that the theoretical model
implies that price observations are random draws from a given equilibrium distribution
for each value of N. This suggests that the €;,,,’s could be treated as serially uncorrelated
and independent across stations. However, because we allow for unobserved market-level
heterogeneity in ., (Ny,) + G (N, 7) it is also likely that the €;,,,’s are correlated within
markets. We estimate standard errors by bootstrapping the sample 200 times clustering

at the municipality level. This allows for arbitrary correlation over time (days) and

11x10

> ) pairwise comparisons

across stations within the same market. We compute the 55 (
On. — On and test for Hy : Oy, — On = 0. Table 2 presents the p-values of these 55
simple tests. We reject the null hypothesis that 6y, does not vary across quantiles in 20
percent of the cases, at a 5 percent significance level, and in 31 percent of the cases, at a

10 percent significance level.?” Note that these tests include comparisons across adjacent

36 This distribution depends on the type of consumer and, for consumers of type s, it is given by the
distribution of the minimum among the s prices they observe.

37If we do not cluster by market the rejection rate climbs to 91 percent. We test the 55 pairwise
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quantiles which are probably not expected to differ too much from one another. In fact,
significant differences are found between the top quantiles (7 = 0.8,0.9,0.95) and the
middle quantiles (7 = 0.3,...,0.7).

We can also take advantage of the fact that IV is discrete to estimate (18) semi-
parametrically using dummy variables for each of the 35 distinct values taken by N > 2
(see Table 1). We obviously allow the coefficient of each dummy variable to vary across
quantiles since we are interested in examining how 6y, varies across quantiles. As in
linear regression, the estimated coefficients obtained from the quantile regressions with
dummy variables capture the effect of NV relative to a reference group which we choose to

be markets with N = 2. We therefore estimate

Qimr = 507' + Z Bm—Dnm + meYT + g@'mr forTe T (20)

neQ
where D,,,, = 1 if N,, = n and 0 otherwise, and € is the set of values taken by N > 3 in

Table 1. Under the chosen normalization, the theoretical model implies

Bor = 9(2,7) + E(cim|N = 2)

Brr = g(n,7) — 9(2,7) + E(cim|N =n) — E(cim|N = 2) neQ,reY

Note that
(6n+17 - 6717‘) - (5n+17” - 6’!17‘/) = ‘9117' - an’ (21)

so that, as previously observed, although we cannot consistently estimate the competitive
effect of increased competition (unless we assume ¢ to be mean-independent of N), we
can identify how it changes across quantiles 7.

We estimate the 385 = 35 x 11 coefficients (8o, 3r), n € Q, 7 € T, from (20).%8

combinations &, — 6, = 0 since the multiplicative factor In [N + 1/N] does not change the significance
of the test.

38The estimator of 3, is essentially the 7" estimated quantile using all price observations with N = n

adjusting for the covariates. In fact, we obtain almost identical plots to those in Figure 7 if we proceed
as follows. We first regress station-level prices on X, allowing for a market-specific constant effect (a
municipality dummy) and compute the residual prices from this regression. We then add the market-
specific constant to this residual so that it will not be uncorrelated with N,, by construction. We use
these residuals to compute the quantiles g,,, for each market and estimate (20) as a system of seemingly
unrelated equations without the controls X,,.
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Figure 7 plots @\m = B\n—‘rl'r — B\m against 7 for each of the 26 values of N for which we
have consecutive values, i.e., n and n + 1 (see Table 1). Again, we focus on the slope
of the plots and not on their levels. The pattern of the competitive response to changes
in N is difficult to characterize as it varies with the initial number of gas stations in the
market.?® Nevertheless, it is clear that gm varies along the price distribution supporting,

at least qualitatively, the conclusions from the parametric model.

4 Conclusions

Consumers differ in the amount of price information they have, depending on their move-
ment patterns, reading attitudes, search costs, etc. In homogeneous product markets, a
large literature has shown that this implies that prices are typically dispersed in equi-
librium. In this paper we have extended Varian’s (1980) model of sales by allowing the
information on prices to be arbitrarily distributed across consumers, and studied the price
implications of an increase in the number of firms in such a situation. We have shown
that allowing for an arbitrary distribution of information generates new results that have
important implications for the way we view these models against the data.

We have observed that an increase in the number of competitors affects prices only
indirectly through changes in the amount of price information consumers have. That is,
increasing competition affects prices via an informational channel because the number
(and location) of firms in a market is intimately related to the amount and distribution
of price information among consumers. Thus, competitive pressure can also be generated
by manipulating the amount of information consumers have rather than by increasing the
number of firms.

We have provided three important results on how the price distribution changes
when the number of competitors increases. First, if after an increase in the number of

competitors every consumer observes (weakly) more prices, then the prices at the bottom

39This is due to the nonparametric approach which allows for the effect of competition to differ in
an unrestricted way across different values of N. This “local” approach also reduces the number of
observations used to estimate the f3,.s rendering most of the estimates not significantly different from
zZero.
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of the price distribution decrease (more precisely, the frequency of the low prices in the
support of the price distribution increases). However, the middle and high prices need not
decrease. Second, we have put forward a sufficient condition under which the distribution
of prices with N competitors dominates the distribution of prices with N + 1 competitors
in a first-order stochastic sense. This implies that the mean price can decrease with
N, which is in contrast to Varian’s (1980) model and other models on imperfect price
information and competition. In such a situation, however, the responsiveness of prices
varies along the percentiles of the price distribution. Finally, we have also shown that
when the number of consumers observing one price relative to those observing two prices
increases when we move from an N- to an N + 1-firm market, then firms prefer to raise
the upper percentiles of the price distribution. The intuition is that, at the top of the
price distribution, firms, in effect, only care about consumers observing one or two prices
because the chance of selling to others is negligible. Given this, the trade-off goes against
the uninformed consumers and the top prices of the price distribution go up.

Because the utility received by consumers will depend on the price actually paid,
these three results have important welfare implications. In particular, we have noted three.
First, we have observed that even if all prices decrease some percentiles decrease more than
others and this actually leads to asymmetric consumer gains from increased competition.
That is, some consumers gain more than others when the number of firms increases and
it may be the case that poorly informed consumers benefit more from competition than
well informed ones. Second, we have shown that, because (the frequency of) high prices
can increase as a result of an increase in the number of firms, the probability that some
consumers experience welfare losses increases when the number of competitors goes up.
Finally, we have provided a sufficient condition under which the least informed consumers
lose out on average after the number of firms increases. Nevertheless, the weighted average
price paid by consumers — the consumer surplus — always (weakly) decreases with increased
competition.

We have illustrated the theoretical results using disaggregated gasoline price data
for the Netherlands. Due to data constraints, we are limited in what we can consistently

estimate; nevertheless, we have shown that the magnitude and sign of the change in
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gasoline prices due to an increase in the number of firms is not uniform across the price
distribution. In a parametric specification of the model we find that the response of
prices to an increase in the number of competitors is more pronounced in the middle
of the distribution. This result, which confirms some of the outcomes in the theoretical
model, suggests that the less informed consumers benefit twice as much from increased
competition than the more informed consumers.

We believe the results of this paper are important since in markets where the
structure of information changes with the number of competitors, the price effects of
competition-enhancing policies are not as straightforward as one may have initially ex-
pected. The novelty of our approach has been to model general structures of information.
In this respect, understanding how these general structures of information arise endoge-
nously and change with policy measures is an important and promising area for further

research.
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Appendix

Proof of Proposition 2. From the expression in (4), we know that the sign of

GirN+1 — Qirn 18 given by the sign of

N

_ Ms(N) Ms(N + 1) s—1 ,UN+1(N + 1) N
GO=2 s [m(N) - m(NHJ A= =)= vy 47 32

To prove (I), let us set 7 = 0 in this expression. It follows that the sign of ¢irn11 — Girn

equals the sign of

e +11)u1(N) {Z s [ (N s (N 4 1) — pua (N 4+ D (N)] + (N + D gy (N) ppy1 (N + 1)} _

s=1

Since p1(N) > pi(N + 1), for the term in curly brackets we have

Zs 1 (N) (N + 1) — gy (N + D) (N)] 4 (N + D g (N) v (N + 1)

w0
—_

> p1(NV) {Zs [s(N +1) — pus(N)] + (N + Dy (N + 1)}

=

>/~61(N){

s=1

s[pus(N +1) — pus(N)] + Nuny1 (N + 1)} > 0.

The last inequality follows from using Assumption 1, that is, using (5) we have:

Z s[us(N +1) = ps(N)] + Npna (N + 1)
s=1

= > s[us(N+1) = ps(N)] + N [un (N + 1) + piv1(N + 1) — pn(N)]

N:—12 [ N+1 N ]
>Y s (N + 1) = p(N)+(N=1) | D (N +1)= > ()

s—1 lk=N—1 k=N-1 J
>3 s (s (N +1) = ps(N) + (N =2) | D (N +1) = > (V)
> > m(N+1) =) me(N) =0.

Since g;-n1+1 — ¢irn 18 strictly negative at 7 = 0, by continuity of the function ¢;; 11— Girn
in 7, we conclude that there exists a 7 € (0, 1] such that all the percentiles 7 < 7 of the

price distribution of a firm 7 decrease.
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Part (II) of the Proposition follows straightforwardly from using condition (6) in
the expression above for ¢;; i1 — Qirn-

To prove the final statement (IIT), we first note that setting 7 = 1 in (22) yields
GirN+1 — Qirn = 0. Now, let us take the derivative of ¢;;n11 — ¢;rn With respect to 7. Using
(4) we get:

% (GirN+1 — GirN) = kG/()H(I)—_]Z)Cz;()HI()

where

6/ = =3 sts-1) [0 - LD (1 ppz v 2R

= m(N) (N +1) (N +1)
and
o N (N » N+1 J(N +1) o
H():—[;S(s—l)ul(]\[)(l—ﬂ ] Llsul(N 1)(1 T) ]
] B gtz ]

¢’ - -2

and H'(-) — =2 [pu2(N)/p1(N) + pa(N + 1) /u1 (N 4+ 1)] < 0. As a result, the limit when

7 — 1 of the derivative of the function ¢;;n11 — ¢;»n With respect to 7 is equal to

D {Mz(N) p2(N + 1)} .

m(N) (N +1)
When condition (7) holds, this expression is negative. This implies that the difference
GirN+1 — Qirn 18 decreasing in a neighborhood of 7 — 1. Since it is zero when 7 = 1, by
continuity of the function g;;n+1 — girn in 7 we conclude that there exists a 7 € [0, 1] such
that all the percentiles 7 > 7 of the price distribution of a firm 7 increase.
It could be the case that ps(N)/u1(N) — p2(N +1)/pi (N + 1) = 0. In that case

lim,_,; G'(-) = 0. If this is so, we can take the derivative

o2 G"H? — GHH" — 2G'HH' + 2G(H')?
92 (Girn+1 — Girn) =k ZI8E :
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Since G — 0,G’ — 0,and H(:) — 1 when 7 — 1, we note that the sign of lim,_,; 68—; (Girn+1

is equal to the sign of

lim G" = 6 :u3( .
ol p(N) (N +1)

Therefore, if pa(N)/pin(N)—p2(N+1)/p1 (N+1) = 0 but p3(N)/p1 (N) —pa(N+1)/pn (N +
1) > 0, then the derivative of the function ¢;;n41 — girn increases in a neighborhood of
7 = 1. Therefore, the function ¢;;n+1 — ¢;-ny must be convex and since it itself and its
derivative are equal to zero at 7 = 1, we conclude ¢;;n11 — ¢i»ny > 0 in a neighborhood of
T=1

And so on and so forth. When po(N)/pui(N) — po(N + 1)/ (N + 1) = 0 and
ps(N)/p(N) — ps(N + 1) /pa (N + 1) = 0, higher order derivatives can be invoked. W

Proof of Proposition 3. We compare the expected utility a consumer in group

s derives in a market with N firms with that in a market with N + 1 firms. We have:

E[ySTN-‘rl] - E[yer]

By " dT_/Ol JILES T—.

0o Y bu(N)T S o bpe(N +1)7

1 1 1 1
= — dT_/ dT
J Ll o RO

pu1(N+1)

NA1 )l pg(N+1)  pe(N) | L
=1 ul(N+1) u1(N) '

1
_/ (S, =) (S et s)dT

J%51 N+1)

(23)

When condition (6) holds, then the integrand of this equation is positive. As a result,
all consumer types derive greater utility after an increase in competition. Moreover,
since the expression (23) depends on s, we conclude gains from increased competition
are asymmetrically distributed across the consumer population. In the main text, we
provide a (counter-) example that shows two points: One, consumers exposed to greater
information sets derive gains from increased competition different from those derived by
consumers exposed to smaller information sets. Two, the gains of the former need not be
larger than the gains from the latter. This proves (I).

To prove (II), we start by noting that when condition (7) holds, there exist a unique

€ [0,1) for which ys,n+1 = ys-n. In fact, using the expression (9) above, we have that
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Ysrn+1 = Ysrn if and only if

o [N +1) (V)] e
;glmmn u1<N>]T‘

Since, by condition (7), p2(N)/p1(N) > pe(N+1)/p1 (N +1) we can write this expression

as

o R T

Dividing by Ti, we obtain

S (BN D 0] ey 1) pelN )]
— lm(N+1)  p(N) pi(N) (N +1)

We now note that the RHS of this expression is constant in 7. By contrast, the LHS
is increasing in 7. As a result, there is a unique point 7 at which the LHS and the RHS
cross. By condition (7), 7 € [0, 1).

Since the (inverse of the) utility distributions ys,ny11 and ys,n cross one another

only at 7, we can split the integral in (23) as follows:
N+1€ pe(N+1) ()

£—1
! (=1 [ [N+ #1(N)}T
=1 N+1 (N41) 4=t dr
o ) (o )
e
w1
£—1

)T p1(N+1)
_ N+1 (N)  pe(N+1)] =1
- /T > ¢ [ ™) uf(NJrl)} T ir
B N 1 N1 N41) _¢=1
0 <Ze 165521\7? ) ( EW(NH%T : >

N+1 p | pe(N) _ pe(N41) | =L
Ty e [ a - ]

1
+/ N (N) _£=1 NA+1 jug(N41) _£=1 dr
T (Eh ) (S )

(=1 (N+1)

(24)
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Notice that the denominator of these integrals increases in 7. Therefore, (24) is lower than

N+1 [e(N+1) () ] 5
=1 7 [N+ m(N) |

! (S, 2= ) (T ey ==
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) me(N+D ] =L

) T w7
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N
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The sign of (25) is equal to the sign of the numerator. Setting s = 1 in the numerator of

(25)

(25) gives

o [N +1) (V)] 1 1
2 Ln(NJrl) ul(N)]  m(N+1) m(N)

which is equal to zero if the condition p1(N) = p (N + 1) is satisfied. As a result, we
conclude that E[ys;ni1] — Efys-n] < 0 for s = 1.
(III) From (12) it readily follows that we need to show that

Sl ]
Zz by

By changing i by ¢ in the integral we get

1 1 1
1 gt
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because dr = jt'~1dt. Then
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Table 1. Distribution of the number of gas stations (N) by market and by price observations

N Number of Percent  Cumulative Number of Percent Cumulative
markets observations

1 15 3.4 3.4 1447.0 0.6 0.6
2 35 8.0 114 4856.0 2.0 2.5
3 45 10.3 21.6 9086.0 3.7 6.2
4 48 10.9 32.6 13773.0 5.6 11.8
5 56 12.8 45.3 19854.0 8.0 19.8
6 36 8.2 53.5 15608.0 6.3 26.1
7 26 5.9 59.5 12222.0 49 31.0
8 30 6.8 66.3 15796.0 6.4 37.4
9 24 5.5 71.8 14813.0 6.0 43.3
10 21 4.8 76.5 11954.0 4.8 48.2
11 19 4.3 80.9 13081.0 5.3 53.4
12 17 3.9 84.7 14605.0 5.9 59.3
13 8 1.8 86.6 6254.0 2.5 61.8
14 10 2.3 88.8 9351.0 3.8 65.6
15 8 1.8 90.7 7195.0 2.9 68.5
16 6 1.4 92.0 6515.0 2.6 71.1
17 2 0.5 92.5 2121.0 0.9 72.0
18 7 1.6 94.1 9204.0 3.7 75.7
19 3 0.7 94.8 3901.0 1.6 77.3
21 1 0.2 95.0 1633.0 0.7 77.9
22 2 0.5 95.4 3127.0 1.3 79.2
23 2 0.5 95.9 2734.0 1.1 80.3
24 1 0.2 96.1 1531.0 0.6 80.9
25 2 0.5 96.6 3657.0 1.5 82.4
26 1 0.2 96.8 1615.0 0.7 83.1
27 3 0.7 97.5 6257.0 2.5 85.6
29 1 0.2 97.7 2068.0 0.8 86.4
30 1 0.2 98.0 2532.0 1.0 87.4
31 1 0.2 98.2 2544.0 1.0 88.5
32 1 0.2 98.4 2491.0 1.0 89.5
33 1 0.2 98.6 1288.0 0.5 90.0
37 2 0.5 99.1 5895.0 2.4 92.4
39 1 0.2 99.3 2837.0 1.1 93.5
47 1 0.2 99.5 4209.0 1.7 95.2
59 1 0.2 99.8 5021.0 2.0 97.2
80 1 0.2 100.0 6887.0 2.8 100.0

Total 439 100 247,962 100



Table 2: p-value of tests for equal competitive response across quantiles

percentile

10
20
30
40
50
60
70
80
90
95

0.52
0.32
0.22
0.21
0.32
0.45
0.87
0.53
0.22
0.14

0.25
0.17
0.19
0.32
0.49
0.97
0.43
0.16
0.09

10

0.15
0.20
0.43
0.66
0.79
0.26
0.08
0.04

20

0.35
0.71
0.95
0.50
0.13
0.03
0.01

30

0.88
0.75
0.29
0.06
0.02
0.01

40

0.68
0.20
0.05
0.02
0.01

50

0.07
0.03
0.02
0.03

60

0.07
0.07
0.10

70

0.24
0.44

80

1.00

90

tests based on standard errors clustered at municipality level
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Figure 1: The impact of N on the equilibrium price CDF
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