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1. Introduction

A celebrated result in the economics of information is the 'Diamond paradox’(Diamond,
1971): In a market for a homogenous good, if all consumers have positive search costs and
search sequentially, then the unique equilibrium price is the monopoly price. This result is
paradoxical for three reasons. First, the equilibrium price is independent of the search cost;
one expects lower search costs to lead to lower prices. Second, it does not account for the
empirical phenomenon of price dispersion, which is the original motivation to incorporate
consumer search costs into market models (Stigler 1961). Third, it is a search model without
search - in equilibrium consumers do not search at all.

Efforts to modify this stark and unappealing outcome generally require a substanial al-
teration of the Diamond model’s basic assuptions. Salop and Stiglitz (1977), Varian (1980)
and Stahl (1989) obtain equilibrium price dispersion if some consumers have no search costs.
Burdett and Judd (1983) show that equilibrium prices may be dispersed if consumer search
is nonsequential. Wolinsky (1986) and Anderson and Renault (1999) show that equilibirum
prices may diverge from the monopoly price when firms’ products are differentiated. Ben-
abou and Gertner (1993), Dana (1994), Fishman (1996), Yang and Ye (2008), Tappata, 2009,
Janssen et al (2017) and Cabral and Gilbukh (2020) show that more competitive prices may
obtain if consumers are uncertain about the underlying factors determining firms’ pricing
behavior.

Intuitively, one would expect price dispersion and active consumer search if firms have dif-
ferent production costs and consumers have different search cost. Indeed, Reinganum (1979)
shows that under the assumptions of Diamond’s original model, the monopoly price result
obtains only if firms are identical. If firms have different production costs, prices are dispersed
and, more importantly, as I show below, prices are more competitive the lower are consumers’
search costs. This resolves the first two issues identified above, but not the third; although
prices are dispersed, consumers do not actively search. In this note I show that adding con-
sumer heterogeneity to Reinganum’s model leads to both price dispersion and active consumer

search in equilibrium.



2. Model

A homogeneous product is produced by two types of firms, low cost and high cost. The
low cost firms’ unit cost is ¢;, and the high cost firms’ unit cost is ¢, ¢, > ¢;. The proportion
of low cost firms is A.

Each consumer has the same downward sloping demand function D(p). Consumers’ surplus
from buying at price p is S(p), which is monotonically decreasing in p. Firms’ profit functions
are single peaked; the high cost firms’ monopoly price is p;* and the low cost firms’ monopoly
price is p;*, where p;" < pj* .

Consumers are imperfectly informed about prices and must pay a search cost to learn the
price of any firm. The fraction a of consumers have the low search cost s;, and the fraction
1 — a have the high search cost s;, > s;. A consumer with search cost s; may sequentially
search any number of firms at a cost of s; per firm.

Let p; and py, be the equilibrium prices of low and high cost firms respectively.

It is useful to first consider, as a benchmark, the cases in which there is heterogeneity
on only one side of the market. First, suppose firms’ production costs are as above, but all
consumers have the same search cost, s. This is the simplest version of Reinganum’s model.
She shows that then p; = p* is the unique equilibrium price of low cost firms but the price
of high cost firms, p, is below the monopoly level. Specifically, if the price of all low cost
firms is p/* and the price of all high cost firms is pj, the expected utility of a consumer with

a current price offer of p, from searching once more is
AS(p") + (1 = A)S(pn) — s.
Thus she optimally searches if and only if
Spn) < AS(") + (1= A)S(pr) — s
and otherwise accepts p,. Thus the highest price she accepts without search is p satisfying
S(p) = AS(") + (1= X)S(pn) — s

ie.,

S(p) = S(m) —
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Thus, provided that min(p}",p) > ¢, the unique ! equilibrium py, is given by:

pn = min(pj', p)

Since p is increasing in s, it follows that the average price in the market is lower the lower
consumers’ search cost. But since consumers accept both prices, there is no active consumer
search.

Conversely, suppose consumers have different search costs but all firms have the same
marginal cost, c. Then in the unique equilibrium each firm charges the common monopoly
price corresponding to ¢ and there is no price dispersion or active search.

We shall refer to an equilibrium as an active search equilibrium if some consumers search
more than once with positive probability. Thus an active search equilibrium can only exist if,
as assumed above, firms have heterogeneous costs and consumers have heterogeneous search

costs.
3. Equilibrium Analysis
The first observation is that low cost firms’ equilibrium price is their monopoly price.

Lemma 1 p; = p/".

Proof. Analogous to Reinganum. ®

Accordingly, from this point onwards we shall unambiguously denote p* as p; .
Consider a consumer with search cost s; and a current price offer of p,. Given that the

price of all high cost firms is pj,, her expected utility from searching once more is
AS(pr) + (1= XN)S(pn) — si

Thus she accepts py, without search if and only if S(py) < AS(p;) + (1 — A\)S(pn) — si, ie., if
and only if
Si

S(pn) < AMS(p) — 5\ (2)

Let pp(s;) and pp,(sy) solve the preceding inequality with equality for s; and s, respectively,

ie.,

!Uniqueness follow from the fact that the lhs of (1) is monotonically decreasing in p.



Slpn(s1)) = S(p) — ~- (3)
Slpn(sn)) = Slp) — -

where pp,(sp) > pr(s)) .
If pr, = pn(sp), then only high search cost consumers accept the high price without search
but low search cost consumers actively search to find the low price. If p, = pn(s;), both types

of consumers accept the high price without search.

Lemma 2 There are two possible equilibrium values of py, : either p, = min(p}*, pr(sn)) or

pr = min(p}’, pr(si))

Proof. If py(s;) < pn < pr(sk)) then high cost firms sell only to high search cost consumers,
but those consumers would accept slightly higher prices without search, which would increase
their profit. Similarly, if p, < pn(s;) all consumers would accept slightly higher prices without

search. And since the profit function is single peaked, p;, < p;*. =

To focus on the more interesting cases, we shall also assume that search costs are sufficiently

low that high cost firms cannot sell at their monopoly price. That is:

Assumption 1

pr(sn) < ppt

Let p,, and p; be defined by:
S(pn) = AS(p) + (1 = A)S(p(s1)) — sn (4)

S(m) = AS(p) + (1 = A)S(pulsn)) — si

i < pr(sp) is the highest price that low search cost consumers will accept without search
if the price of all other high cost firms is pp(sp). Dn > pn(s;) is the highest price that high
search cost consumers will accept without search if the price of all other high cost firms is

Pr(s1).



Proposition 1 (i) p, = pr(sn) is an equilibrium if and only if:
a(pn(sn) — cn) = max|0, (pr — cn)] (5)

In this case high search cost consumers accept both prices and search only once and low search
cost consumers search actively for the price p;. (1) pn = pr(s)) is an equilibrium if and only
(pn(s1) = cn) = max[0, a(py, — cp)] (6)

In that case all consumers search only once.

Proof. (i) Given that the price of all other high cost firms is p, = pp(sp), the most profitable
deviation for a high cost firm is to sell to all consumers at the price p; which by (5) is not
profitable.

(ii) Given that the price of all other high cost firms is pj(s;), no low search cost consumers
accept a price greater than py(s;) and thus the most profitable deviation is to pj, which by (6)
is less profitable than py(s;). m

Thus, if (5) obtains and (6) does not, the active search equilibrium is the unique equilib-
rium.

Since pp(sp) > Dn > pr(si), a sufficient (but obviously not necessary) condition for py(sy)

to be the unique equilibrium is that py, < ¢, < pp(sy). Thus we have:

Proposition 2 If ¢, > p}", there is s; such that if s; < s; then the active search equilibrium
18 the unique equilibrium.

Proof. If ¢, > p}™, then, since py(s;) — p}* as s; — 0, there is s7 > 0 such that if s; < s} then

cn > pn > pr(s;) and thus p, = pp(sp) is the unique equilibrium. m

4. References

Anderson, S. P., & Renault, R. (1999), "Pricing, product diversity, and search costs: A
Bertrand-Chamberlin-Diamond model ", Rand Journal of Economics 30, 719-735.

Burdett, K., & Judd, K. L. (1983), "Equilibrium price dispersion ", Econometrica 51,
955-969.



Cabral, Luis, and Sonia Gilbukh, (2020) "Rational buyers search when prices increase."
Journal of Economic Theory 187, 104998

Dana James, (1994), "Learning in an equilibrium search model " International Economic
Review 35, 745-771

Diamond, Peter A. (1971), "A model of price adjustment." Journal of Economic Theory
3.2, 156-168.

Fishman, Arthur, (1996), "Search with learning and price adjustment dynamics." Quar-
terly Journal of Economics 111.1, 253-268.

Janssen Maarten, Alexei Parakhonyak, Anastasia Parakhonyak (2017), "Non-reservation
price equilibria and consumer search " Journal of Economic Theory 172, 120-162

Reinganum, Jennifer F, (1979) "A simple model of equilibrium price dispersion", Journal
of Political Economy, 87, 851-858.

Salop Steven, Joseph E. Stiglitz, (1977), "Bargains and ripoffs: a model of monopolistically
competitive price dispersion ", Review of Fconomic Studies 44, 493-510

Tappata Mariano (2009), "Rockets and feathers: understanding asymmetric pricing " Rand
Journal of Economics 40, 673-687

Stahl, Dale O. (1989), "Oligopolistic pricing with sequential consumer search", The Amer-
1can Economic Review, 7T00-712.

Stigler, George J. (1961), "The economics of information." Journal of political economy
69, 213-225.

Varian, Hal R , (1980), "A model of sales", The American Economic Review 70, 651-659.

Wolinsky, A., (1986), "True monopolistic competition as a result of imperfect information",
The Quarterly Journal of Economics, 101, 493-511.

Yang Huanxing, Lixin Ye (2008), "Search with learning: Understanding Asymmetric Price
Adjustments " Rand Journal of Economics, 39, 547-564



