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Abstract
We analyze a search-theoretic framework in which consumers buy the product repeatedly
and firms' costs vary over time. We show the cross-sectional correlation between profits and firm
size, the persistence of profits over time, and the role of consumers' immobility in determining
firms' profits. In contrast with previous explanations of these phenomena, which are based on
differences in inherent productive efficiencies, firms in our model have the same efficiencies but
some firms are more successful ex-post which affects their subsequent (pricing) behavior and
enables them to sustain their 'privileged' position. In particular, large and more profitable firms
raise their prices more moderately when their costs increase.
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1. INTRODUCTION

One of the requirements for the existence of a competitive equilibrium is the free
availability of information. The economic reality is, however, that information is scarce and its
acquisition is costly. Accordingly, beginning with the seminal contribution of Stigler (1961),
economists have lavished a great deal of attention on the study of decentralized markets in
which randomly matched individuals engage in costly search to locate more favorable trading
opportunities. These efforts have greatly enhanced our understanding of market settings in
which the Walrasian auctioneer is absent. For instance, the possibility of different prices
coexisting in equilibrium has been shown to be viable (Le., to be consistent with both buyers' and
sellers' incentives); see Salop and Stiglitz (1977), Burdett and Judd (1983), Rob (1985), Stahl (1989)
Daughety and Reinganum (1992), or Fershtman and Fishman (1992).
Casual reflection suggests that an important dimension of search activity concerns its
potential to promote long term trading relationships. For example, when searching for a
supplier of a product which is expected to be purchased repeatedly, finding one with the right
quality at the right price is valuable both for present consumption as well as for future
consumption. Similarly, when searching for suitable employment (or for a suitable employee)
it is not only current earnings (or production) which are relevant but also the anticipated stream
of future earnings (or production). Most of the existing literature, however, does not incorporate
this consideration into formal models of search'. In contrast, this paper sets up a model which

'The only dynamic models of search that we are aware of are Sutton (1980), Davidson et. aL
(1987), McMillan and Morgan (1988) and Benabou (1988). None of these papers incorporates
technological shocks and firms' responses to them, which is the focus of this paper. On the other
hand, these papers cover issues that are not treated here; for instance, Davidson et. al. (1987)
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focuses on repeated interactions, and show how they affect market outcomes.
The model analyses a market for a homogenous product including many buyers and many
sellers. The market is dynamic: consumers buy the product repeatedly, and firms' costs of
production vary over time. The latter occurs as a result of technological or monetary shocks
which are correlated over time at the individual firm level, but are independent across firms.
As a consequence, a firm which receives a favorable shock today is expected to remain efficient
for a while, and vice versa. On the other hand, the cost data for the market as a whole (i.e., the
distribution of costs across firms) remains constant over time. Consumers in this market can
purchase from any firm they choose, but locating a low-priced firm is costly in that consumers
have to sample a certain number of firms before they discover a price which they find
acceptable.
Because of this imperfection firms are endowed with some monopoly power. This
monopoly power enables them to charge higher prices when costs are high than when they are
low, which generates a dispersed price equilibrium. However, the spread between the high and
the low price is limited by consumers' ability to police the market through search. Hence, as is
standard in equilibrium search theory, we simultaneously determine the extent of price
dispersion in the market and the extent of consumers' search. The "twist" here, however, is that
consumers' incentives to search are governed not only by their current savings, but also by the
prospect of staying with a low cost firm and paying low prices in future periods.
We identify and interpret two types of steady state equilibria. A symmetric equilibrium
is characterized by two prices, such that each firm's current price depends only on its current
cost, the low and high price being associated with the low and high production cost respectively.
The equilibrium spread between the high and low price is maintained small enough to

analyze the rate of unemployment in a multi-sector economy.
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discourage buyers facing the high price from searching for a low priced firm. Thus, an equal
share of buyers is allocated to each firm, which is invariant with respect to the current realization
of its productivity shock The symmetric equilibrium has the interesting property that increased
volatility of the firm-specific cost shock, while maintaining a constant steady state distribution
of low and high cost firms, increases the average market price and the variance of the steady
state price distribution. Intuitively, increasing the rate at which a low price becomes obsolete
reduces the incentive to search, and increases the market power of inefficient firms. This in turn
increases the equilibrium spread between the prices of these firms and those of their more
efficient competitors. Thus, our model establishes a link between the stability of costs at the

individual-firm level and the overall efficiency of market outcomes. More precisely, it shows
that greater individual instability generates higher prices, and hence less efficient outcomes.
As an application of this result consider the case of an economy where inflationary
pressures are not transmitted uniformly into the market, so that different firms' costs are affected
differently at any given point in time (although in the long-run, the average increase in costs
may equal to the economy-wide rate of inflation for all firms). See Lach and Tsiddon (1992) for
empirical evidence bearing on this phenomenon. In those circumstances our model implies that
inflation is not neutral, and that the degree of inflation-induced inefficiency is positively
correlated with the extent to which inflation is dispersed unevenly into the economy3.
The symmetric equilibrium always exists if all consumers have identical search costs. In
the more general case in which consumers have different search costs, however, symmetric
equilibria exist only when certain parametric restrictions are satisfied. When these parametric

3Tommasi (1992) has independently reached a similar conclusion, except that in his model
firms are assumed to behave myopically and that he does not treat the case of heterogenous
search costs (see below).
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restrictions are not satisfied we identify a second type of equilibrium, termed asymmetric, which
is qualitatively different from the symmetric one. This equilibrium divides the market into
"large" and "small" firms. Buyers with high search costs are distributed equally between the
firms, but those with low search costs exclusively patronize large firms. Each type of firm
charges the same low price corresponding to low cost realizations. However, large firms
increase prices more moderately than small ones in response to high cost shocks. In particular,
their price increase is moderate enough to keep their low search cost clientele "locked in". Small
firms, deprived of the low cost buyers' patronage, have no such inhibition and therefore fully
adjust prices upwards in response to high cost shocks. Therefore, in this equilibrium the present
volume of one's business acts as a second variable (in addition to physical costs of production)
in determining one's optimal price.
This type of equilibrium is related to certain empirical regularities concerning the dynamic
behavior of profits and market shares. There is a long strand of literature showing that firms'
profits tend to persist in the long run, that profits are positively correlated with market shares,
and that the degree of this correlation is related to indices of consumers' immobility. An
overview of these empirical regularities can be found in Pakes (1987) or Schmalensee (1987). The
asymmetric equilibrium we exhibit here has exactly these three properties: firms with large
market shares earn higher profits and this comes about when consumers' search costs are
sufficiently high. The magnitude of search cost, thus, serves as the counterpart of consumer
immobility in our model, and the asymmetric equilibrium comes into existence as search costs
rise. Previous explanations of these regularities emphasize supply-side factors: differential
efficiencies across firms (see Jovanovic (1982) or Hopenhyn (1992)), or collusion. In contrast,
firms in our model are identical and collusion is non-existent. Hence, the explanation we offer
is demand based, which enables us to focus more explicitly on the role of consumers'
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immobility in accounting for inter-industry differences in the profit-market share correlation.'
The reminder of the paper is structured as follows. The basic model is introduced in the
following section. To facilitate the exposition, we first restrict attention to the case in which
consumers are homogenous (same search costs). In section 3 the model is expanded to include
heterogenous consumers.

2.A. THE BASIC MODEL
We consider a market for a homogeneous product which opens at an infinite number of
discrete time periods, t=1,2,... . All period production is done to order and is consumed by
consumers by the end of the period. Hence there is no carryover of inventories by either sellers
or buyers. One rationale for this is that the product is perishable s. Alternatively, the "product"
represents a service.
The set of firms in the industry represents a continuum, and so does the set of consumers.
The number of consumers per firm is normalized to unity. The assumption of a continuum
implies that each agent believes its own behavior has no impact on the distribution of prices.
Consumers
All consumers are identical, infinitely lived and risk neutral. A typical consumer's per
period demand is given by q = D(p) where q is the quantity demanded, p is the lowest price
available (see below) and DO is a continuous and monotonically decreasing function. We

`Another interesting model to which ours can be compared is Bagwell and Ramey (1994).
In their model firms try to achieve economies of coordination by advertising, and in the mixedstrategy equilibrium they construct some firms end up with more customers, more advertising,
and more aggressive pricing.
5Terishabilityi is, of course, relative to the period of consumption, which (for now) we take
as given. If consumers were to purchase the product more frequently (see below) the product
would be considered more perishable.
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denote by S(p) 1 D(z) dz the consumer surplus of a buyer who pays the price p for the
product. Consumers and firms discount the future at the rate 6 e (0,1).
Buyers know only the distribution of prices in the market (instead of knowing individual
prices). We assume that it costs a buyer s > 0 to learn the price of a "new" seller with whom she
has not done business in the previous period, which includes the cost of learning about the
existence, location and price of a particular seller. In contrast, a buyer can costlessly learn the
current price of the seller she purchased from in the last period. (For example, the service may
be renting an apartment and a leasee can learn costlessly about rental rate changes in her
apartment building during the term of her lease but not in other buildings). This introduces an
asymmetry: consumers have all pertinent information about the seller they previously
patronized, but no information about sellers they merely sampled without buying from, or sellers
they bought from more than one period ago'. The idea behind this is that buyers have limited
memory which endows sellers with a certain degree of monopoly power. While this feature is
quite standard in the search literature, it should be noted that without it prices would be more
(although not perfectly) competitive, as consumers are no longer 'attached' to particular sellers.
Within any period, a consumer may sequentially sample the prices of an unlimited number
of new sellers, at the constant cost of s per seller, before buying. The period surplus of a
consumer who samples n new sellers and buys at p is thus S(p) - ns. It is assumed that at
any period all purchases are made from the same seller.

`To aid intuition, the reader can think of the consumer as renting an apartment, learning
during the term of the lease about future changes in the rental rate. If the consumer wants to
learn about rental rates in other buildings, she has to expend resources. Another scenario is
catalogue shopping, where consumers get new catalogues as long as they keep purchasing.
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Firms
Each firm is able to supply an unlimited quantity of the product at constant marginal cost,
denoted c. c is a random variable which is autocorrelated across periods at the individual firm
level but is i.i.d. across firms in the industry. The interpretation is that individual firms are
subjected to idiosyncratic shocks (coming from "physical" productivity or from monetary cost
changes). To deliver the message of this paper in the simplest possible way, we assume that
c assumes only two values: cL and cH,cH > and that the transition rule between the two
values is Markovian, i.e.,
Pr (e, = eL

= B L and Pr(E, = c H k t _i

=

cH) = 13 Fr

We further simplify by assuming that P H = YL = 3 > 1/2. 13 is the probability of persisting
in the same cost state. Because productivity shocks are distributed independently across firms,
the distribution of costs in a steady-state coincides with the steady state of the above Markov
chain. That is, the fraction of firms whose cost is c H is 1/2 at any given period. Note that an
increase in 1-ft raises the variance of costs (which equals (3(1-13)) at the individual firm level but
has no effect on the distribution of costs in the population. Despite this, we show (see
proposition 1) that such change generates allocational effects (at the level of the market).
We make the following technical assumptions about D(p). Consider a monopoly facing
the demand curve D(p) with constant marginal cost cv i = L,H. Then it is assumed that the
monopoly's profit function

(2.1)

z,(P) = (P - cP(P)

is concave and achieves a unique maximum at p", i = L,H, where 1:4 T./ > pT. Since all
consumers are identical and marginal costs are constant, pT does not depend on the number
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of customers the firm has. It is assumed that pr . cH so that pr. is a viable price for every cost
realization.

Equilibrium
In each period firms choose prices to maximize discounted expected profits and consumers
engage in optimal sequential search to maximize their discounted consumer surplus. Firms'
prices are assumed to be binding for only one period and may be costlessly changed in following
periods. A steady-state equilibrium is characterized by a time invariant price distribution, F(p),
possibly degenerate, such that
(i) Given F(p), its current production cost and the number of buyers to which it sold last
period, each firm maximizes its discounted profits, taking the search rule of buyers as fixed;6
(ii) Given F(p), buyers' search rule maximizes their expected discounted surplus over an infinite
time horizon.

An equilibrium is said to be symmetric if each firm's price is determined only by its
current production cost. Otherwise, it is said to be asymmetric.
In the next section we construct a symmetric equilibrium in which high cost firms (cH)
charge a high price, pH, and low cost firms (c1) charge a low price, p/... The idea behind the
construction is that the price differential, pH- p, is such that consumers facing the high price
6 Thus we are restricting attention to Markovian equilibria. These are equilibria supported
by strategies which depend only on the current state, i.e., those variables which affect the firm's
profits directly. The number of buyers to which it sold last period is included in this category
because their continued patronage may be guaranteed by not charging more than their
reservation price, as is explained below.
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have no incentive to search for the low price. Hence, the division of consumers across firms
remains intact over time.

2.B. ANALYSIS
CLAIM 1: In any equilibrium, the price of a low cost seller is pr..

PROOF: Suppose the lowest price in the market is p' < pr and a seller scheduled to charge
p' increases its price by e, sufficiently small not to trigger search, i.e., S(p' + e) > S(p')-s.
The deviant seller maintains its customer base intact and, by the concavity of the profit
function, increases profits. This proves that the lowest price in the market is at least
Suppose the lowest price exceeds this. Then, a fortiori, a low cost firm could profitably decrease
its price to pr.

■

Let pH be the equilibrium price of a high cost seller. It is not difficult to see that p H >
pr.. If not, a high cost firm could increase its price above p H, by an amount sufficiently small
not to trigger search, thereby increasing its profit as a consequence of the concavity of the profit
function. Similarly, pH Is p1.7 or else a high cost firm could profitably reduce its price.
Let j3 denote the consumers' reservation price such that they accept any price IS p , reject
any price > p in favor of searching for a lower price, and are indifferent between the two
options if offered 13 . Since the lowest price in the market is pr and s > 0, p > pr. Also,
pH. Otherwise, the high cost firm makes zero profits, whereas it could earn positive profit
by charging p , by our assumption that pr c H. Thus pH = min(p , pi?) for each firm. This
shows that any equilibrium must be symmetric. It remains to determine 13. Observe that the
value of a low price to a buyer includes not only the current period saving but also the
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opportunity of continuing to buy at the low price in future periods, subject to the transition
probability. Denote by V, the discounted expected surplus of a consumer who has just been
offered p„ i = L, H, and recall that 8 < 1 is the discount factor.
Then:

(2.2)

VH max(S(pH) + 8 [(1 -13) VL + p VH], - $

and
(2.3)

VL = S(pL) + 8 fp VL +( 1--p )VH].

The first expression in the curly brackets in (2.2) is the value of accepting the high price which
in the following period either remains high, or is transformed into a low price in accordance
with the transition probability. The second term is the value of rejecting the high price and
continuing to search. The explanation of (2.3) is analogous. If p H = p (i.e.

p

pn consumers

are indifferent between accepting the high price or continuing search. Thus, using (2.2), f) is
defined by:

(2.4)

S(p) +8 [(1 -13 )VL +

_s

Solving (2.3) and (2.4) for VL and VH gives:
(2.5)

VL = (16- ) 4S (R) - 28(113)(1-8)4s

(2.6)

V H = (1 -8 ) 4S(pL) - 2(1 -813) (1 -8 )4s

Substituting and solving for S(13), we obtain after some calculations:
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(2.7)

S(p) = S(pJ - 2s[14 2136].

Equation (2.7) gives the comparative dynamics of the equilibrium:
PROPOSITION 1: Suppose p < FS Then an increase in the transition probability, (1-13), leads
to an increase in the high price, an increase in the average market price and an increase in the
variance of the equilibrium price distribution. The same holds for an increase in the search cost,
s, or in the interest rate, r =1-6.

Proof: Follows directly from (2.7) and Claim 1.

■

The persistence probability, 13, measures the longevity of the low price. The higher 13 is,
the longer the duration during which a firm which is currently low priced may be expected to
remain so in the future. Conversely, an increase in the transition probability, 1-13, hastens the
obsolescence of a low price, decreasing the value of search.
Other things equal, the more valuable the search option is, the more effectively it can deter
high cost firms from charging high prices. Therefore, a higher value of 13, by increasing the
value of search, reduces equilibrium prices, as proposition 1 states.
A better understanding of this result may be achieved by considering the polar cases, /3=1
and 13=1/2. Search is most valuable when 13=1. Then costs are perfectly correlated over time
and consumers consider the entire discounted value of all future expenditures when deciding
whether or not to search for a lower priced firm.
More specifically, substituting 13=1 in (2.7) gives:
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1 {S(PL) -S(P)]
2 1-8

s.

The one period utility of a consumer whose best price to date is '15, increases by S(p i) - S(13) if she
finds the low price, p,.. If, as static models assume, costs and prices are constant, the value of
finding the low price is just the discounted infinite stream of this amount, (S(1;0 - S(:P))/ (1-8).
The value of an additional search is therefore the product of the preceding expression and the
probability of finding the low price, 1/2. In equilibrium, this must equal the cost of search.
At the other extreme, when B=1/2, costs and prices are Lid. and the value of search
applies to one period only. Then, (2.7) gives:
1
– (S(pt) - S(13)) = s.
2
This is exactly the equilibrium price distribution which obtains in a static (one period) model.
Between these two extremes, 1/2 < 3 < 1. Then a low current price is of value for future
periods as well, but not forever. The higher is 13, the more durable the low price is, the more
valuable search is and, consequently, the lower prices are in equilibrium.
The significance of proposition 1 is that it shows that a change at the firm specific level,
affects aggregate data. As an application of this proposition consider the case of an inflationary
economy, where inflationary pressures are not transmitted uniformly into the economy'. Given
this nonuniformity we associate higher inflation with a higher variance of costs (i.e., a higher 111). But, then, proposition 1 formalizes the idea that inflation is not neutral: an increase in the
rate of inflation raises the variance of costs, distorts the incentives of individuals to locate the

'The reason for nonuniformity is that governmental expenditures are not proportional to the
composition of the GNP, and that they are directed towards specific firms whose identity
changes over time.
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best trading opportunities, and distorts suppliers' incentives to charge prices which are close to
their marginal cost of production (see also Tommasi (1992)). Thus, economies with higher
inflation exhibit higher and more variable prices and lower efficiencies. One way to assess the
empirical validity of this is to divide goods into search and non-search goods, and verify the
correlation between inflation and the variance of prices in these two categories. Proposition 1
implies that the variance of relative prices (search/non-search) should increase with the rate of
inflation, which has been documented in earlier literatures. See Glejser (1965), Parks (1978),
Vining and Elwertowski (1976), Fischer (1981), and Taylor (1981), Pagan, Hall and Triveddi
(1983). It also implies that the price variability of the search good (as we go across different
sellers) increases with the rate of inflation. This phenomenon has been documented in more
recent papers: Danziger (1987), Van Hoomissen (1988), Tommasi (1991), and Lach and Tsiddon
(1992).
As a second application consider two products, one of which is purchased more frequently
than the other (e.g., fresh vs. canned food). The 'unit of time' in the model is different then for
the two products, with a resultant change in the relevant discount factor and the relevant
probability of transition. In particular, if a product is purchased every At units of time (instead
of every 1 unit of time) we should have
8 = 1 - rAt,
and 1 - it = (1-b)At,
where r is the per-period interest rate and 1-b is the per-period probability of transition. Once
this adjustment is made we can determine the effect of varying At (the frequency of purchase)
on the markup that firms are able to charge. This is stated in the following proposition.

Proposition 2: An increase in the frequency of purchase lowers both the high price in the
market, and the variance of the price distribution.
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Proof Such increase is represented by a smaller At, with a resultant increase in 8 and a decrease
in the transition probability, 1-n. The proposition then follows from expression (2.7).

■

The intuition here is that consumers' inducement to search for a low price is stronger when
they buy the product more frequently. This raises search activity and brings the price closer to
its marginal cost of production.
A third feature of the equilibrium is price irresponsiveness: compared to a competitive
industry the product price responds less than fully to cost changes. This is shown in the
following proposition.

Proposition 3: pH - < c H - and

pli

<

H
C.

PL

eL

di(113p-LI < 0,diP1
ds
fH

Furthermore,

>

citz

0,

dr

>0.

Proof: First of all, the monopoly prices p"‘ respond less than fully to cost increases. This follows
from the first order condition to the monopolist's profit maximization program:
D(p) + (p-c) D'(p) = 0.
Implicit differentiation of this condition gives:
dp
D'(p)
dc 2D'(p) + (p-c)Dll(p)

E (0,1).

Thus, pH - pr. < cH - C L. Second, the low price, pL, is pr, while the high price is
Therefore, p H -

p1.7 - Pi

< cH -cL.Finally p, > ci. Therefore,

PH < CH

PL

rest of the proposition follows from proposition 1.

at most p17.

The proof of the

CL

This result is in accordance with results reported by Dana (1990), Benabou and Gertner
(1993), and Benabou (1993), although the driving forces behind their results are somewhat
different. For example, Dana (1990) and Benabou and Gertner (1993) are based on the
hypothesis that consumers learn about firms costs, whereas price irresponsiveness here is based
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on the presence of search costs per-se (consumers have nothing to learn since the aggregate data
is

known to all consumers and it remains unchanged).

3. HETEROGENOUS CONSUMERS
In this section we expand the model to include heterogenous buyers, those with a low
search cost, si > 0, and those with a high search cost, s 2 > We denote by y and 1-y,
respectively, the proportion of low and high search cost consumers in the population. Our
objective is to show that under these circumstances, symmetric equilibria do not always exist.
On the'other hand, we show that asymmetric equilibria always exist. We then proceed to study
their properties and relate them to certain empirical regularities concerning the relationship
between firm size and firm profits.
In a symmetric equilibrium, each low cost firm charges the same'low price, p i, while each
high cost firm charges the same high price, pH > It is clear that, as before, pi, = K.'. The
derivation of the reservation price of each type of buyer is analogous to the case of homogenous
consumers. Specifically, let 13„ i = 1,2 be the reservation price of a buyer with search cost
Then, using the analysis of the previous section (see equation (2.7)), 13, satisfies:

(3.1)

5(13) = S(pT) - 2s ;(1 aS -213 6 ),i =1,2.
Thus 132 > pi . Assume the nontrivial case, P 2 S 1317. Then pH pi since all consumers

accept 131, while pH 5 p2 since no consumers accept prices higher than 132. The critical question
is whether pH > If pH = Pi, there is no active search in equilibrium because both market
prices are acceptable to every consumer. Therefore, in this case, each firm's number of customers
is constant and invariant with respect to its cost realization (which replicates the steady-state
situation we produced in the previous section). The following proposition states that such an
equilibrium exists only if the proportion of consumers with low search costs is sufficiently large.
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y a symmetric equilibrium in which
Proposition 4: There exists a y > 0 such that if y < —
pH

= PI does not exist.

Remark As the proof shows (see expression (3.6)),

7 depends on other parameters, e.g., the

discount factor, 8, and the transition probability, 1-n. Therefore, there is a whole region in the
parameter space in which a symmetric equilibrium does not exist. Also, in accordance with
proposition 2, the existence of a symmetric equilibrium hinges on the degree to which the
product is perishable.

Proof: Assume a steady-state symmetric equilibium in which pH = pi exists. Then there is no
active search. Given this, the high cost firm's profit from charging pH =

(3.2)

RH, is:

Rfi (PH "cii)cl(PH) + 6 {13 RH 4(1 -13 )Rti,

where
(3.3)

RL

(Pc-cdq(Pi) + S

IP RI. 4(1 -13 )RH),

and pi. =
A firm which once deviates to p > induces all of its low search cost customers to search
and be permanently absorbed by its competitors (this is the consequence of no active search).
A deviation to pi < p < p2 can never be optimal. This is because low search cost
buyers reject any p > Pi while high search cost buyers accept 13 2. Similarly, a deviation to p
> Pi leads to the permanent loss of all buyers. Thus the only deviation to consider is a deviation
to Pi. Following such a deviation, all future sales are restricted to the high search cost customers
only (which represents a (1-y) fraction of the customers the firm is currently serving).
Therefore, the profit of a high cost firm which deviates to 13 2 is:
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(3.4)

Rx = (1 ) (152 -cH) cl(132) +S(13 +(1-P)Rj

where
(3.5)

RL = (1-Y )(p t.-04:0d + 6 113 RI! + (1 )Rid-d.

Thus, the postulated equilibrium with pH =
Solving for RA and

is possible only if RH R.

from (3.4) and (3.5) gives:

RH = -y

-6

q (132) + 8 (1 i3 )77
)(P2 -c-)

)2 - 2(1 _is )2
(1-813)2

and

4

(1 _y) ( 1 -8 13)7

4 + 8 -i3)(132-cH)c1(132)

(1-811)2 -82(1$)2
where
= (pr

- ci)c(pl.).

On the other hand, solving for RH from (3.2) and (3.3) gives:

RH

(1-8 P )( pH -cH) cl(PH) + 8 (1-13K
(1 _80)2 _ 2(1 _02

Thus RH RA, if and only if

(113 )y Itr (1-6 f3) [(1--)e -
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where
It

(13, - cH)q(p2) and it"

(pH -cH)q(pH).

Substituting and simplifying yields that RH  RH iff y
—

(3.6)

.7, where:

(1-6f3)[x' (1-13)x + (1-spe

(7c' > x" since pH

. pH and since the profit function 7c is concave in price).

■

Thus, in the case of heterogenous consumers, symmetric equilibria characterized by the
absence of active search exist if and only if y is sufficiently large. Otherwise, the symmetric
equilibrium, if one exists, must feature active search by low search cost buyers. That is, we must
have pi < pH 5 p2 so that pH is unacceptable to low search cost buyers. In this case high cost
firms sell only to high search cost buyers, and low search cost buyers search until they find pi_
at a low cost firm. In these circumstances the clientele of firms keeps changing, and some firms
(those that are lucky enough to receive a long sequence of favorable cost realization) are growing
in size. The next result shows that this features disrupts the symmetric, steady-state nature of
equilibrium—because firms that have reached a certain critical size no longer have an incentive
to charge the high price postulated by the equilibrium (once they are hit by a high cost
realization). Instead, they deviate to an intermediate price which keeps their customers in place.
This is shown formally in the following proposition.

Proposition 5: A symmetric steady-state equilibrium in which P i < pH does not exist.

Proof: Suppose the contrary. Then low search cost consumers search actively in equilibrium.
Observe that in each period there is a constant measure of high cost firms which were low cost
in the previous period. Since pm > Pi, all of the low search cost buyers who patronized these
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firms in the last period, since they reject p H, search for PL in the present period and are
absorbed by low cost firms. Thus there exists a positive measure, 4 27(1-11) > 0, of low search
cost customers which is added to the existing customer base of each low cost firm in every
period. Accordingly, the profit associated with the equilibrium strategy in any period is history
dependent, i.e., it depends not only on the firm's current cost but also on the number of periods
up to the present in which it has been uninterruptedly low cost. Specifically, if a firm has been
low cost for k consecutive periods up to the present period, the size of its low cost clientele is
y+kt. On the other hand, as low cost buyers never purchase from a high cost firm, the profit
from charging the high price is constant and independent of past events. Accordingly, let ki
be the firm's discounted future profit from following the equilibrium strategy when its cost is
cH and ki (k) the corresponding value when its cost has been c L, for k consecutive periods.
Then:

= ( 1-rxpirc H)c00 80311H (143)R,A0)].
+ suilko(+1) + (1-1)ka.
=
Rifk
)R+mk+impL-cocoo
Consider a firm which has been low cost for k consecutive periods and deviates to the
following strategy: charge NI' when c = cL and when c = cH (where 13/ is defined in
(3.1)). Let ZH(k) and ZL(k) denote its discounted profit from following this strategy when its
current cost is cH and cL respectively. Then, since its customer base increases by 4 in each
period, we have:
ZH(k) = [1+t(k +1)] (p1 -cH)q(iii) + 6 03 ZH(k +1) + (1 -13 )4.(k+1)],
ZL(k) = [1 44(k +1)] (pi,. -c)q(n) + 8 63 ZL(k +1) + (113 )ZH(k +1)].
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Comparing now 4(k) and

it can be seen that there exists a k 1 such that for k

fc,

ZH(k) > ftH . Then a firm which has had low costs for k consecutive periods should optimally
deviate from the equilibrium strategy, and never charge more than Intuitively, once a firm
has grown large enough, the relative importance of its high cost customers (which are fixed in
number) becomes negligible and it becomes profitable to focus on low cost buyers. Since there
must be a positive measure of firms for whom k > in the steady state equilibrium, a
symmetric equilibrium in which low cost buyers actively search cannot exist

■

Propositions 4 and 5 in combination imply that for suitable parameters (i.e., y < 7),
symmetric equilibria do not exist (no matter how pm is set). The following proposition asserts
that, by contrast, asymmetric equilibria in which different firms adopt different pricing policies,
exist under all circumstances. While all firms charge the same price in response to low
production costs, they differ with respect to the amount by which their prices are increased in
response to the high cost shock Specifically, in this class of equilibria, low search cost buyers
patronize only a subset of firms which keep their prices low enough under all cost conditions
to deter these customers from searching for lower prices elsewhere. Other firms, deprived of
the low search cost buyers' patronage, optimize by increasing prices up to the high search cost
individual& reservation prices. This equilibrium formalizes the idea of "price rigidity" or "kinked
demand curve" (see also McMillan and Morgan (1988)), i.e., the idea that firms lose customers
when they raise their price, but do not gain customers when they reduce it.
It should be stressed that the asymmetric equilibrium we construct here is a steady-state
which—once reached— has no tendency to be disrupted. This paper does not address the issue
of stability, i.e., whether a steady-state is approached (over time) starting from arbitrary initial
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conditions'.

Proposition 6. Corresponding to every y>0, there exists an asymmetric equilibrium in
which a proportion a, 0 < a < 1, of firms, termed large, sells to both types of consumers while
a proportion 1-a, termed small, sells to high search cost consumers only. Both types of firms
charge pl.' when c=cL. The large firms' price corresponding to c=c H is lower than that of the
small firms'.

Proof: Let p:.r and pH denote respectively the small and large firms' price corresponding to the
high cost state. Set pH = pi, the reservation price of the low search cost consumers, and set
pH1 = p2, the reservation price of the high search cost buyers. Thus low search cost buyers
-aL

accept the large firms' price in either cost state, and high search cost buyers accept every market
price. The reservation prices, P i and 13 2, are derived as follows.
Let V; be the value to a low search cost buyer of being offered p; by a large firm and
V:./' the same corresponding to an offer of p:. /' by one of the small firms. Let Vr. and VI."`
be defined analogously for p 7
/ (this presumes that customers can observe the size of the firms
they are patronizing). Then:

VI! = S(PL) + 8 EP

+ -13 WM,

'Among other difficulties in establishing such proposition is the possibility of aggregate
stochasticity: as a steady state is approached the ratio of searching consumers to firms is
diminished with the consequence that the division of searchers across firms is random. Hence,
it is quite conceivable that the steady-state configuration is random as well. As we show below
this possibility is further vindicated by the multiplicity of steady-state equilibria.
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ct[Ilvtivm

VH = Max{S(A) + 8 [(1-13)VZ + 13M, 1
1
+ (1 -a) [ 1 VH-a
+ –Vt. )1,
2
2

+ .11/;!/]

V;;" = Max{S(pL') + 8 [131/1.;" + (1-1:1)V11, -s l +
1
+ (1-a) [111
V L + 2VH1],

VL"*.

= S(p) + 8 [13VL" + (1-13 )14,1.

In equilibrium, (assuming 131 <

VH

+

= S(A) + 8 [(1-13)VZ + I3VM =

1
+ (1-a) [–V
H
2

+

+

1
2

+ –VL

and
V1.1' =

+ a2
[2.VZ
- + 1.1VM + (1-a) [1.1V17 +

That is, a low search cost consumer is just indifferent between rejecting and accepting pH,
while she strictly prefers searching when she encounters p:.r(pl!r > pH) . This system of
equations (in (VI VI, Vit.r, VL4 pp) can be solved to yield and this is exactly 1-5/ (the
reservation price of a low search-cost consumer). pk a is derived analogously as the reservation
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price of the high search cost buyer. In equilibrium, neither type of firm can profit by deviating
from its prescribed strategy. A small firm will not charge more than 14 i' since this is the high
search cost buyers' reservation price. So charging p > NJ' would result in the permanent loss
of all its customers. A large firm charging more than p }"./ becomes small forever. So let us
consider now the incentive of such a firm to stick with RI. Let 4) =

L

be the number of

low search cost consumers per large firm, when they are equally distributed between large firms.
Denote a large firm's profit from adhering to its equilibrium strategy when costs are high and
low as It; and RI; respectively. Then:

RH =

(4) 4-(1-Y)) (pH — c H) c ( p7i) + 8 EPRH

Ri =

(4) + (1-Y )) (P L. - ct)(1(PL) + S [ Ri + (1 -13 )/Vi]

+ 13 )RD,

Deviation to p > RI results in the loss of all low cost customers, and so yields a profit of Rka.
where
= (1-y)

- cli)q(pliu) + 8 03121i' + (1-(3)K-1,

Rib = (1 y') (pt. - cL)q(pL) + 8 [13 let:` + (1-R )12.1A.
Let if) satisfy Ki(4) Ri`i-E% Then for any rb > Ril(4)) > RA-- so that neither type of
firm ever deviates from its prescribed strategy. Furthermore, we can always choose a > 0
sufficiently small so that

L

and

=

■

The argument in the above proof shows that there exist multiple equilibria of the type
described by proposition 6, one corresponding to each a < a (where ii, defined in the proof
of proposition 6, is the largest proportion of large firms which can exist in equilibrium). A
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smaller a corresponds to a smaller number of large firms. Note that in these equilibria, the
firms are not indifferent between being small or large; the larger firms' profits exceed those of
the smaller firms. By never raising prices above the low search cost customers' reservation price,
these firms are able to "lock in" low search cost customers and keep them from searching even
though half the firms in the market always charge the low price, pL. Thus, these asymmetric
equilibria are qualitatively different from the usual dispersed price equilibria generated in static
search theory (see Salop and Stiglitz (1977), Burdett and Judd (1983), or Rob (1985)), where firms
are of different sizes but each firm is intliffirent between these sizes.
On top of these equilibria, there are additional asymmetric equilibria (and ones that are
even more asymmetric) where the sizes (4) of large firms are not equal, i.e., where low search
cost customers are not evenly distributed across large firms. As the above proof shows, the only
requirement needed to sustain an asymmetric equilibrium is for the firm size, 4), to exceed a
critical level, 4). There are, of course, many ways to achieve this. So "the" equilibrium in such
markets is indeed highly indetermthaten.
On the other hand, all these equilibria are characterized by an autocorrelation between
firm profits (over time), and a positive correlation between firm size and firm profit (at a given
point in time), and this is exactly the type of correlations that many empirical industry studies
report. For instance, Mueller (1986) had documented the 'persistence of profits' which

e way to achieve a unique equilibrium is to consider the death and birth of consumers.
Then, firms that are larger than the average size of a large firm, loss proportionately more
consumers as a result of death while they receive only a pro-rata share of newborns. Thus, over
time their size will shrink towards the size of an average large firm. Likewise, the size of large
firms that are smaller than the average will increase. Therefore, the death and birth process has
a stabilizing effect on firm sizes, resulting in a unique steady-state equilibrium.
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corresponds to the correlation over time of firms' profits (see also Pakes (1987)), while
Ravenscraft (1983) and Schmalensee (1985) are recent documentations of the positive relationship
between size and profits. Traditionally these correlations are explained either through the "ease
of collusion" theory (Bain (1956)) or through the existence of differential productive efficiencies
across firms (see Demsetz (1973) for the general idea and Jovanovic (1982) and Hopenhyn (1992)
for modern and more dynamic formulations). These are "supply side" explanations, i.e., they are
based on characteristics of firms or competition among firms. In contrast, the explanation we
offer is "demand side", i.e., it is based on characteristics of consumers. As such it provides a
reason why profits vary across firms independently of their relative efficiencies, i.e., even if firms
are ex-ante identical they end up with different profitabilities. Thus, the model shows that a
firm-specific variable may not sufficient to totally account for the variation of profits across firms.
Relatedly, it shows why consumers' degree of immobility across firms has an effect on the sizeprofit correlation. While immobility is usually measured through advertising or the degree of
product differentiation (see Sutton (1991) or Mueller (1986)), here it is captured by the presence
of consumers' search costs. More specifically, as y is decreased, the average search cost among
consumers is increased to the point where the symmetric equilibrium disappears (see
propositions 4 and 5), and only is an asymmetric equilibrium which is characterized by a
positive correlation between size and profits exists (see proposition 6). Therefore, the size-profit
correlation is explicitly linked here to consumers' immobility.
A second feature which is common to all steady-state equilibria is positive correlation
between the level and the variance of prices paid by consumers. High search cost consumers
pay both high and more variable prices while low search cost consumers pay low and less
variable prices. This proposition can be empirically tested by examining the expenditure
patterns of different households. Early investigations along these lines include Alcaly (1976) and
Kunreuther (1973), although they focused on the level of prices and not on the variance.

26
Finally, we suggest a dynamic interpretation of the steady-state equilibrium. In the
asymmetric equilibrium firms are ex ante identical. Nevertheless, in an apparently arbitrary
fashion, some firms are destined to grow large while others are condemned to remain
unprofitably small. This suggests an interpretation along the following lines. The steady state
firm size is determined at the market's early history by the realizations of individual cost shocks
across firms. Those firms which enjoy a run of low cost shocks at the market's inception,
accumulate a "critically" large number of low cost consumers. Once this critical firm size is
achieved, prices are only partially adjusted in response to (transitorily) high cost shocks, such
that these firms remain large forever. On the other hand, those firms which initially suffer a
sequence of adverse shocks, focus on maximizing profits from high cost customers, and thus
never retain any low cost buyers. When these initially unlucky firms later experience low costs,
all low search cost buyers have already allied themselves to large firms, whose pricing policy
keeps them locked in. While such interpretation is suggestive, it is an open question whether
it corresponds indeed to the equilibrium path which takes the market from initial conditions to
an asymmetric steady-state.
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