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Abstract

When there is a distribution of switch costs and of reservation
prices for a good, and marginal cost of producing the good is zero,
equilibrium in pure price strategies may (and sometimes must)
exhibit price dispersion. Equilibrium may or may not exist, and
there may be a continuum of equilibria. When there are no fixed
costs, equilibrium with entry will not exist when there are any
switch costs low relative to the reservation prices.
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1. Introduction

Price competition, as originally formulated by Bertrand, assumes
that consumers always purchase from the lowest-priced firm. If this
assumption is true, then when each firm has constant marginal cost,
.the unique market price will equal the second—lowést marginal cost
available in any firm. Equilibrium in pure price strategies will
not exist if firms have increasing marginal cost.

But there are many markets, such as law, accounting, medicine,
and consulting services, in which there is price dispersion, and,
furthermore, the dispersed prices seem stable. Séveral-explanations
for price dispersion have been advanced, without throwing out the
basic paradigm of price competition. The most obvious is that
quality varies, so that the dispérsed prices are not prices for the
same good.' Another explanation is that it is costly for the
consumer to find out whether his firm has the lowest price, and this
leads him to undertake a search. Search theory can, under some
conditioné, produce a stable dispersion of prices.

A recently emerging_literature attacks the premise that
consumers will switch firms for any trivial'price advantage; that
is, each consumer has a "switch'cost" for switching to another firm.
For example, a consuﬁer must make a substantial outlay to inform a
new law firm about the defails of his legal.affairs. The more
complicated is his business, the larger the price difference
required for a switch: This phenomenon has‘been called cost of
information (Sutton, 1980), loyalty (Rosenthal, 1982), cost of

substitution (von Weitzsacker, 1984), inertia (Farrell, 1986,




Scotchmer, 1986a,b), lock-in (Farrell, 1985), switching costs
(Klemperer, 1984,.Green and Laffont, 1985).

The cited papers vary according to the switching behavior and
the equilibrium concept, although each is a version of price
competition. Sutton assumes that, once in a firm, consumers never
switch, and therefore competition is only for the new customers
exogenously entering the market place. Rosenthal assumes customers
perceive price éhanges in their own firms, but not in other firms.

Our own assumption, that whether a custoﬁer switches depends
only on the price difference between his current firm and the
lowest-priced firm, is that of Klemperef, Farrell, Scotchmer, Green,
and Laffont.

Klemperer, Farrell and Green énd Laffonf study dynamic
equilibriunm iﬁ a two— period model. The difficulty with dynamic
equilibrium is that prices in the first period are set before
customers are distributed, and must be chosen rationally by firms
based upon their belief in the perfect equilibrium which will ensue
in subsequent periods. Customers predict future prices as well,.
This is a very difficult problem, and no general conclusions have
emerged. Von Weitzsacker ignores'the problem of perfect equilibrium
and examines an equilibrium in which firms commit to a price, but
consumers can make switches as their tastes evolve through time.
These authors fbcﬁs on symmetric equilibrium,1 and do not address

1. Except for Farrell (1986) who shows that if arbitrarily
chosen first period market shares are asymmetric, prices in the
second period will be asymmetric, and the firm with larger market




the general question of price dispersionf

Our approach‘foregoes the complexity (and apparent
intractability) of dynamic equilibrium and returns to static Nash
Equilibrium in prices. Thus we do not ask how customers initi#lly
~got distributed among firms, but only whether this distribution and
the associated prices are stable. Although this simplification
ignores interesting intértemporal strategy, it allows us to return
to the two issues of price dispersion and existence of equilibrium
in a manner which isolates the effect of switch costs on Bertrand
competition.

Price dispersion might arise quite naturally from the fact that
to some extent each firm’s customers are "captive." If in
equilibrium the switch costs and reservation prices of firms’
clients differ, then the price sensitivity of their individual
demands might differ and price dispersioh might result. 1In markets
with a fixed number of firms we show that equilibria may, and in
some cases must, have price dispersion.

Turning to e_xistence,2 one might have thought that, except in
pathological cases, equiiibrium in pure price strategies would
éxist., Increasing marginal cost, thch is the.source of trouble in
Bertrand competition, is not part of the model we discuss.

But Scotchmer (1986a,b) shows that when total demand is fixed,

share will have higher second-period price.

2. For the case of dynamic equilibrium, Klemperer shows
existence in several special cases with two firms. Other than that,
the question of existence has not been addressed for the sw1tch1ng
behavior we consider.




and there are more than two firms, no equilibrium in pure price
strategies exists~3 But the assﬁmption of fixed total demand,
meaning that each customer must buy from some firm, turns out to be
'impdrtant.4 When each consumer has a reservation price, as well as
a switch cost, a firm that raises its price may lose customers out
of the market, as well as losing customers to lower-priced firms.
Thus its profit opportunities are different. This paper studies the
nature and existence of equilibrium when each customer has both a
reservation price and a switch cost.

Section 2 presents the simplest possible model that includes the
features of interest. Section 3 discusses equilibrium in pufe priée
- strategies with a fixed number of firms. We turn first to the case
that consumers have a common reservation price and show that
equilibrium must have one qf two price configurations: Either all
prices are equal to the reservation price, or all prices except two
are equal to the reservation price, and the two lower prices must be
the same. Thus, in contrast to Bertrand competition with no switch
costs, firms get the surplus rather than consume'rs.5 With no switch
costs, the‘equilibrium prices would all be zero. A surprising
result is that no equilibrium exiéts when there are many firms,
-although equilibrium may exist with a few firms. When there is

dispersion in reservation prices as well as switch costs, we use a

3. This is when there is a positive den51ty of consumers w1th
zero switch costs, but not a mass point at zero.

4. The cited papers all assume a fixed aggregate demand.

5. C.f., Diamond (1971) on search equilibrium.




graphical description of equilibrium to show how price dispersion
may be sustained, and then give an example which shows equilibrium
may not exist. There do not appear to be "credible" conditions on a
joint distribution of reservation price and switch cost under which
equilibrium can be guaranteed to exist. Moreover, when equilibrium
exists, there may be a contlnuum of equilibria!

Section 4 1ntroduces the possibility of entry. That is,
equilibrium is a set of prices and market shares for incumbents,
such that there is a Nash Equilibrium in pure price strategies among
incumbents, and furthermore, no firm could enter at any price and
make a profit. This additional equilibrium condition is so powerful
that equilibrium does‘not exist when some consumers have low
(relative to reservation prices) switch costs. If there are
customers with zero switch costs, the lowest prlce must be zero in
order to deter entry. But a f1rm with zero price makes zero profit,

‘and will be able to increase profit by increasing price.

2. The Model and the Equilibrium Concept

Each consumer in our model has a reservation price w and a
switch cost c¢. Each will be assigeed'to one of the firms, or.to
none of them. This assignment should be interpreted as deseribing
an ongoing relationship between the consumer and the.firm.
Purchasing from this firm vields the full benefit w to the consumer,
less any price he pays. Purchasing from any other firm entaiis the
switch cost, so thatkgross benefits will be only w-c. However,

switching "out-of-the-market," that is, not purchasing, does not




‘entail a switch cost--the consumer gets a zero surplus. Switching
from "out—-of-the-market" into any firm costs ¢, which is also the
cost of switching hetweén firms. This is because ¢ is the cost of
forming a new relationship with the firm in question.

Firms, which produce the good at zero marginal cost, choose
prices, assuming that all other firms® prices are fixed. Their
perceived demand curves are generated by the assignment of
individuals to firms, aﬁd other firms®’ prices.

We will characterize those assignments of customers to firms and
-firms’ prices which are stationary in the sense‘that no firm~has an
incentive to deviate in price, and no movements of customers among
firms will occur. An alternative would be to start from an
arbitrary assignment of customers to firms and to find Nash
equilibrium in prices, along with the resulting interfirm movements
of customers that these prices induce. Equilibrium, if it existed,
<might require randomized prices and would, ih general, ihvolve some
interfirm movements. At best one might discover conditions for such
an equilibrium to exist, or might discover when equilibrium requires
random prices, but an informative charécterization of equilibrium
with this lével of complexity woula be unlikely, especially with
many periods and firms.6 For this reasdh we concentrate on

stationary equilibria, without describing how the stationary

6. The only result to emerge so far along these lines is due to
Farrell (1986), who shows in a two-period model with two firms that
the firm with the most customers in the first period will have the
highest price in the second period.




assignment emerged. Further research in explicitly dynamic models
is necessary to explore convergence from an arbitrary assignment of
customers, or from no initialvassignment at all.

Another reason for examining stationary assignments is that in
many of the markets whefe our analysis might apply there is, in
fact, a very high degree of apparent customer loyalty. Moreover,
this loyalty persists despite significant and easily discoverable
price differences in the market. We feel that an adequate
internally consistent explanation of this sitﬁation is lacking, and
we hope to provide that in_this paper.

F(Q,c) shall denote the distribution of reservation prices and
switch costs. If w is fixed, we may abuse nofation and describe the
population by distribution F(c). The total measure of people with
reservation priée less than w and switch cost less than ¢ is
NF(w,c), where N is the population ‘size. We will assume that F has
~a continuous density function_f.

Let'{pj} be the prices for firms j=1...T, ordered such that pl
is the lowest price. (We shall sometimes refer to the 1owest price

as pL.) Customers are distributed among firms according to

{nJFJ(w,c)}, Jj=0...T, where {nJ} are the numbers of people in firms

and FY describes the firm~specific distribution of reservation

- . 7
prices and switch costs. Index o refers to customers who are out

7. We will only consider distributions FJ which have density
functions which are either continuous or have simple
discontinuities-—that is the right and left limits may differ along
sequences approaching any point, but they both exist. This
assumption is important only to insure that the density function at




of the market. Then an equilibrium with a fixed number of firms is

a {pj} and market shares {nJFJ(w,c)}Asuch that (i), (ii) and (iii)

hold.

(i) The distribution of customers accounts for all of them:

g nj Fj(w,c) = N F(w,c) for all w,c
j=o.

(ii) 'No customer could ihcrease utility by exiting from the
market:' For each j, Fj(w,c):O for all (w,c) such that wspj. That
is, all customers in firm»j must have reservation price at least as
large as pj. |

No customer could increase utility by switching to another firm:

For all j, ahd all w, FJ(w,pJ—pl)zo, where p1 is the lowest price.

s

That is, customers with switch cost less than p‘J—p1 will switch to

the lowest—pficed firm.

(iii) No incumbent firm could.increase profit by changing
pricé. .Although we will not use the profit function in the general
form given here, we write it down for completeness. The profit
funcfién simbly recognizes the switch behavior described by (ii).

If the firm raises its price, it may lose customers out bf the .
‘market and to the lowest—priced firm. If the firm lowers its bricek

below the lowest price pl, then it may get customers from out of the

market and from other firms. Any price'betweén the lowest price and

the firm’s equilibrium price leaves the firm with the same number of.

Zzero approximates the limit of FJ(E)/E, as & goes to zero.



customers as it initially had, and cannot be an improvement. With
such pricés, its own customers stay in the firm. If customers
outside the firm were tempted to switch, they would switch to the
‘lowest-priced firm.

The following profit function applies to all incumbent firms

except the lowest-priced firm. For j=1,
. (-] «© : .
nt S 5 fI(w,c) dw dc pd ¢ p
1 p
P-p .
J - J 1 J
I [p,{pl}I#J] = n _ p<p<p
' Pi‘P ©
nd + § ot J J fl(w,c) dw dc
i=j, 0 0 1
- p <p

+ n° 5 ? fo(w,c) dw dc
p+c
The lowest-priced firm, j=1, loses customers out of the market
when if raises price, but not to other firms, unless it réises price
above the next price, pz. Then it loses those customers with swifch
cost lessAthan p—éz toAfirm 2. As before; if it reduces price below
the lowest price, which is its own price, it gains customers from

out of the market and from other firms. Therefore,
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n! J s fl(w,c) dw dc pl ¢ p
max {0.p—pz} P
1, . L
n [p,{pj}j¢1]
'pi—p o
n1 + St J J fl(w,c) dw dc
i#l,o 0 0 .
p < p1

o>
+ n° S I fo(w,c) dw dc
p+c

The equilibrium condition (iii) is that HJ[o] is maximized at
psz for all j.
An equilibrium with entry requires in addition that no firm

could profitably enter. The profit function of an entrant would be

0 plz p
He[p;{pj}] = Ny
. ) P P . :
s nd S - f f9(w,c) dc dw
j=o p 0 : 1
o * % o : pep
+ n J J f (w,c) dw dc
0 ptc

An equilibrium with entry adds condition (iv) to (i), (ii) and

(iii):

(iv) For all p, He[p;{pj}] S:O.

3. Equilibrium with a Fixed Number of Firms

 We first cbnsider the case that no entry is allowed. The number
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of firms is fixed.

Proposition 1: If (i) the density of switch costs is positive

at zero and (ii) w does not vary across. consumers, then only two
price configurations are possible in equilibrium. Either p“=w for
~all j, or p¥=w for all firms except twé, which have a common lower

price.

Proof: We show this by showing that any other configuration of

prices is not an equilibrium..

Lemma 1: 1In a Nash Equilibrium, more than one firm has the
lowest price.
Proof: Suppose not. Then the one lowest-priced firm can

increase profit by raising its price, since raising the price will

not cause customers to flee. Q.E.D.
Lemma 2:  There cannot be three or more lowest-priced firms if

the lowest price is less‘than w.

| Egggﬁz First, all of the customers with zero-switch costs would
be in the lowest-priced firms. Otherwise they would switch out of
the higher-priced firms. Let jeK index fhe lowest-priced firms.
There are k such firms. Let. jeJ index the remaining firms, with

8. If there is fixed total demand, so that customers are
unquestionably in the market and there is no maximum willingness to
pay w, then Proposition 1 implies no equilibrium exists with more
than two firms. Neither of the two permissible cases is possible,
since there is no maximum possible price, w.



- 12

higher price.

For some i which has the iowest price, 1ie€K, 2 anJ(O) >
' J=i, jekK

nifi(O). (One firm has less than half the price-sensitive
portion of the market, defined as those people for whom switch costs

are zero.) If not, then for all i, s  nYfd(0) ¢ ntft(0).
J#i, jekK

Summing both sides over i yields (k-1) X njfj(O) = (k-1)NFf(0) ¢
JekK
Nf(0). This is a contradiction for k>2.

But then some firm with the lowest price faces a demand function
Awhich is kinked toward the origin at the common lowest price. A
positive deviation dpi by a firm with the lowest price will generate
marginal profit in the amount dHi(o)/dpi=ni—pinifi(0). The first
term fepresents the increased revenue from current clients, and the
last term is the loss of profit due to customers leaving.
Analogously, a negative price deviation api by this firm will

generate marginal profit in amount

~dN* (o) /dp* = -nt+pt £ adfd(0y+pt ¥ ndei[pd-p’].
J=i, jekK jeJ '
If the marginal profit for raising the price is positive, the

firm should do it and is not in.eQuilibrium. ‘Suppose then that the

marginal profit for raising the price is nonpositive,

nl—plnlfl(O) < 0. Then, since z anJ(O) > nlfl(O), the
J=i,j€kK

marginal profit for a price reduction is positive and the firm will
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reduce price. Therefore the firm is not in equilibrium. Qi?'D’

Lemma 3: If there is an equilibrium in which exactly two firms
‘have the lowest price, then all other firms have price w.

Proof: First we show that the two lowest priced firms must.havé
the same numbers of customers and the same numbers with zeroAswitch
costs. Then we show that such firms are not in equilibrium if thefe
are ahy customers in the higher-priced firms who are on the margin
of switching to a loweét—priced firm. Thus, for higher priced,firms
we need fj(pj—pL)=0, But if the higher price is less than the
reservation price, pj<w, the higher-priced firm could increase
profit by raising price, since it would not lose customers by doing
so. Hence, the only possible equilibrium is one in which the two
lower-priced firms have fhe same numbers of customers and the same
numbers of zero-switch—-cost customers, and all higher-priced firms
have price pj=w. In that case, higher-priced firms cannot increase
profit by raising price, even though no customers are on thg margin
of switching to a lower-priced firm. Thié is because the customers
are on the margin of switching out of the market.

We give the intuitive argumenf that the lowest-priced firms must
“have the same numbers of zero-switch costs and then argue formally.

All the customers with zero.switch cost are in the lowest-priced
firms. 1If the two lowest-priced firms have different numbers of
customers with zero switch costs,‘then the firm with fewer such
customers has a demand curve kinked toward the origin. When this

firm lowers its price it gets the numerous price-sensitive customers
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from the other firm. When the firm raises its price, it gives up
fewer of its own customers with zero switch cost. Thus the demand
curve kinks toward the origin. This kink will be exacerbated if
there are customers in higher-priced firms who are on the margin of
switching. In that case, the incfease in demand when the firm
lowers price will be even larger. Therefore, the lower—priced firms
must have the same numbers of customers with zero switch costs.

Now suppose there are customers in higher-priced firms -who are
on the margin of switching to a lower—ériced firm; that is,
fj(pj—pL)>0 for some higher priced firm, j. Then even if the two
firms have the same nuﬁbers of customers with zero switch-cost, the
response in demand when price is lowered will exceed the reduction
in demand when price is raised. When price is raised, no customers
are given up to the higher—priced‘firm, butkwhen price is lowered,
customers are gained from the higher-priced firm. Thus at least one
firm has a demand curve kinked toward the origin.

Thus, if equilibrium exists, fj(pj—pL)=0 for all higher-priced
firms j. But ifvfj(pJQPL)=0, and pj<w,'then firm j can increase
price without losing customers, and is therefore not at a profit
'maximum. If p.:w, any increase of.price will drive the customers
gut of the markét and will therefore not increase profit.

Thus, if equilibrium exists with two lowest-priced firms,
vfj(pj—pL)=0 for all higher priéed firms, and pj:w.

We now repeat the argument more formally.

We call the two lowest-priced firms 1 and 2. If firm 1 raises

1.1

its’price to p, it loses customers in amount n F [p—pL], where pL is
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the price in the other firm, Fl[.] is the distribution of switch
costs in firm 1 and n1 is the total number of customers in firm 1

L. If firm 1 lowers its price, it gains

when the prices are both p
customers from two sources: the other lowest-priced firm, firm 2,

and from the higher priced firms. Thus, firm 1’s profit function is

p { nl- anl[p-pL]-} p>pL
(1) Hl[p;pz,-.-,pH] =
p { n'+ .Zan Fl(p -p]} p<p”
J#

In order for firm 1 to be in equilibrium, it must be the case

2,...,pH]/ap € 0 for p>pL, and aﬂl[p;pz,...,pH]/ap 20

that anl[p;p
for p<pL. Using the fact that Fj[pJ—pL]=0 for all j,'these

derivatives imply (evaluating at p=pL)

(2) oielrpl-p¥] > g ded(pd-ply.
J=1 .
Firm 2's profit function reverses the 1’s and 2’s in equation

(1). The first order condition is, analogously to (2),

(3) nzfz[pL—pL] 2 -Z njfj[pj-pL]
J=2 .

Rearranging (2) and (3) respectively,
(@) nielppl-ply - n2£2(plpk) 5w wdpdppioply and.
B S j=1,2

1.1, 1L L 2 i oJ j
-ntetiploply v a2ef(plply 5 s plpdppdoply

Jj=1,2
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These inequalities are consistent ‘only if the righthand side is
zero. This can ocour.in equilibrium only if fj[pj—pL]=0, for all
other firms j, which, by the reasoning above, implies that for all
other firms, pj:w.

We notice that if there is an equilibrium with two lowest-priced
firms, not only do they have equal numbers of_oustomers with zero
switch costs, but they also have equal numbers of custouerg in
total. Otherwise the first-order condition ni—pL%Nf(O):O could not
be satisfied for the two lowest-priced firms.

End of Proposition 1._

For a fixed number of firms, either of the two price
configurations might be an equilibrium. However, the following
Proposition says that for sufficiently many firms, there is no
equilibrium, although equilibrium may well exiot with few firms.
After presenting this Proposition, we give an example which shows
(i) equilibrium, if it exists, may reouire price dispersion, (ii)
there may be a continuum of equilibria and (iii) equilibrium may
exist among a small number of firms.

When the number of firms is large, average profit in the
industry is no greater than wN/T, where w is the reservation price,
N'is the population size, and T is the‘number ofifirms. Therefore,
the least—profitéble firms’ profit does not exceed wN/T. But as
long as the smallest price, pL, is strictly positive, the least
profitable firm can deviate to a price which is € below the lowest

price, and get all thé customers with switch cost smaller than €.

,()
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For large enough T, the least-profitable firm is making little

enough profit that such a deviation is advantageous.

Proposition 2: If customers have a common reservation price w,
thon for a sufficiently large number of firms, no equilibrium'
exists, provided f(c) has support on an ioterval including zero.

"Proof: We argue separately for the two possible price
‘configurations, as restricted by Proposition 1.

(a) The firm with smallest market share makes profit less than
or equal to wN/T. Suppose the least—brofitable firm reduces price
to w-¢€. Then it gets all the customers with switch cost less than
€, whether'they come from other firms or from out of the market.
This price deviation earns for the firm profit in amount (w—€)F(€),
whioh is price times quantity. For large enough T and all larger T,
there exists € such that (w¥E)F(E)>wN/T, and hence a price deviation
by the least profitable firm is an improvemént.

(b) We now argue for the case that all firms exoept two have
~ price w. We need the following lemma.

Lemma 4: There exists RL}O such that (i) F[RL]>0 and (ii) for
all equilibria, with any nuﬁber of firms, the lowest price is larger
than EL.

Proof: Lemma 3 above points out the following two facts:
First, each of the two lowest-priced firms has half the customers
with zero switch cost, %Nf(O), and the sémelnumber of customers nL
Second, there dre no customers-in tho other firms (with price w) who

are on the margin of switching; that is, who have switch cost w—pL.
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Thus a ﬁarginal decrease in price by one of the lowest-priced firms
will gain customers in amount %Nf(O) from the other lowest priced
firm (but not from any high-priced firm), and a marginal increase in
price will lose customers in the same amount. Hence, a necessary
condition‘for a lowest-priced firm to be in equilibrium is that
neither a marginal increase nor a marginél decrease in price

increases profit:

(5) n" - pt L N0y =0 | )

There are no customers in the high-priced firms with switch cost
less than w-pL. (Otherwise, they would switch.) Hence, nL 2
*N%F(wpr). Substituting into equation (5), this implies that po(O)
2 F(w—p?). Suppose we let pL approach zero.. Then thevrighthand
side of this expression gets arbitrarily close to F(w), whilg the
lefthand side gets arbitrarily close to zero, which is a
contradiction. Hence there must be a iower boqnd on pL such that
F(RL)>O. This argument has made no reference to the number of high-
priced firms, and we thus conclude that there is a lower bound which
applies irrespective of the numbef of firms. End of Lemma 4.

The profit 6f the least profitable high—priced firm does not
exceed wN/T. In order for a high-priced firm to increase profit, it
must deviate to a price less than pL. Sﬁppose it deviates to pL—E.
The profit it achieves by this deviation is at least

F(E)[pL—E], which is the number of cusfomers with switch cost less

than the price advantage, times the price. Since F(pL)>0, there is
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an € such that pL—E>0 and F(€)>0. " The bound on profit qf the least
profitable high—priced firm, wN/T, can be made as small as possible
by choosing T_large. For large enough T, the deviation to pL—E
enhances profit. Q.E.D.

The following example is one in which evéry equilibrium has
price dispersion. With three firms, there is no equilibrium with'
ijiw, all j, since each firm could increase profit by a marginal
reduction in price. We exhibit a continuum of equilibria, each with
‘price dispersion. One firm has price w and there are two lowest
priced;firmsf In equilibrium the lowest price will be higher if the
vlow—priced firms have more customers. There is more incentive to
’raiSe price, since gains are made on more inframarginal customers
within each firm.

Example l: Suppose w=1, and f(c)=1, ce[O,i]. Then the
following is an equilibrium:_ The high-priced firm, H, has pH=1, and
all the customers with czc*. There are two low-priced firms, each
with pL=c*. All customers with c{c* are distributed symmetrically
between the low-priced firms, so that each has customers in amount
%c*. This.is an equilibrium for (.1/3)1/2 < c* < 3/4?

We must check that no firm can profitably deviate in price. 1In
order to get more customers, H must lower price below pL, in which
case it gets customers in amount [pL—p]. (A1l the customers in the

low priced firms with switch cost less than pL—p will switch. There

are pL—p such customers.) Firm H's profit function is
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p(l—c*) P

v
o)

HH[p;pL,pL] =

A
o

pl1-c*+pl-p] o
Maximum profit with p$pL is achieved at p=%. Profit at p=% is %,
less than the profit of w(l—c*) which is achiéved‘at pH=1, provided
c*<2. Thus the high-priced firm is in equilibrium with pH=1.

We now check that the low-priced firms are in equilibrium. When
a low-priced firm raises price ébove pL, it loses customers to the
other low-priced firm in amount %(p—pL). When it lowers price below
pL it gains customers from the other low-priced firm in amount
%(pL—p). When it lowers price below'l—c*, it also gains customers

from the high-priced firm, in amount (l—c*—p). Hence the profit

function is

X
_ p[%c - %(p - pD1 p 2 p"
L H X L *
m*p;p",p"1 = p[%c + %(p - p)l ‘ 1 -c*< p < pt
' X
plgc® ¥ - p) + A - -1 p <1t

The maximum of HL[p;pH,pL] is achieved at pL=c*, provided

K> (1/3)1/2,

End of Example

The fact that there may be price dispersion in which some prices
are less than willihgness to pay follows from the fact that there
are some customers with zero switch cost. Otherwise, firms with
price lower than willingness to pay could profitably raise price

without losing customers. The following proposition states that if
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willingness to pay were constant as above, and if, in addition, -
there were no customers with zero switch cost, then there would be
no price dispersion in equilibrium (if it exists). Prices in

equilibrium would all be at maximum willingness to pay, w.9 The

positive switch costs effectively give to each firm monopoly power
10 '

over its own customers.

Proposition 3: If switch cost has a lower bound c¢>0 and w is

constant, w>0, then in équilibrium pj:w for all j.

| Proof: Suppose we had an "equilibrium" with some prices less
than w. Theﬁ the lowest-priced firm (whether or not it is’the only
firm with the 10West'price) could raise its price to the minimum of
pj+g or w without losing - any customers, and make more profit.

Q.E.D.

Proposifions i and 2 focussed on the case that w is cqpstant and
there is dispersion in c. Another polar case is that ¢ is constant
and there is dispersion in w. We have found that the latter case is
not quglitatively different from the case that there is diépefsion
in both ¢ and w, in which case equilibrium may (or may not) exist,

and there may (or may not) be price dispersion.

9. The argument here is very similar to Diamond’s (1971)
argument for the case of search costs. ,

10. One would expect this monopoly power to disappear if there
‘Wwere no switch costs; that is ¢=0, .for all customers. The latter
case is Bertrand competition and p“=0 for all j, irrespective of
whether there is dispersion in willingness to pay.
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anditions under which existence of equilibrium can be
.guaraﬁfeed are more complicated than, for example, mere smoothness
of distributions. In order to show how the nature and existence of
equilibrium depend on global properties of the distribution of w and
c, we present a graphical characterization of equilibrium.

Suppose there are three firms with prices pL, pM, and pH (fof
Low, Middle and High). If there were no dispersion in w, then the
lowest-priced firm would want to raise its price, since it could do
. so without losing customers. But if the lowest-priced-firm.has
1 customers with low willingness to.pay,'raising the price will cause
iisuch customers to leave the market, reducing profit. 1In equilibrium
the lowest—priced firm is deterred_from raising price by’the
_}possibility of losing customers out of the market. Hence a market
iiin which there is dispersion>in w may have more price dispersion
than a market with constant w,

A complete description of eduilibrium is a set of prices
{pL,pM,pH,} and a distribution of customers among the three firms
and out of the market: {fL(w,c),fM(w,é),fH(w,c),fQ(w,c)}. TheseW
distributions havé the property that for each firm j, if'fj(w,C)>0,
then wzp‘j and chj~pL. Consider first demand in the highest-priced
firm. When the highest-priced firm raises price, it loses customers
~out of the market and also loses custdmers to ‘the lowest-priced
firm. When it lowers price, there is no increase in demand until
price is less than the lowest price pL.v (If customers leave the

firm, they prefer going to the lowest-priced firm. Every firm

"competes" with the lowest-priced firm and not with the other
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higher—pficed firms.) When price falls below pL, customers are
picked up from the lowest-priced firm and from the middle-priced
firm. A similar description applies to the middle firm. The low-
priced firm will lose customers out of the market if it increases
price. For prices above pM, these loéses will be enhanced by losses
to the middle firm of the customers with low switch costs. If the
ldw—priced firm lowers the price, it will gain customers from the
two higher-priced firms, and may attract some customers from out of
the market who have low switch cosfs.

Figures 1, 2 and 3 show the demand curves for the three firms.
’Firms have market shares {nL,nM,nH} when the equilibfium prices are
maintained. Figure 1 shows the demand curve in firm H when pPrice is
raised or lowered from.pH. Simiiarly, Figures 2 and 3 for the other
two firms.

The demand curves reflect both the properties of the popﬁlation
density function f(w,c), and the way in which this market is divided
up among firms and out of the market. It should be apparent from
the diagrams that the high- and middle-priced firms may be quite
robustly at a profit maximum, since they may be at kinks in their
demand curves. This suggests that‘some perturbations around the
equilibrium may also be equilibria.

To see that many equilibria may occur, suppose we transfer some
customers from the high“priced firm to the low-priced firm. This
can be done in such é way that the same price pH continues to be an
equilibrium price for the high-priced firm. (For example, take the

customers with the highest willingnesses to pay and the highest
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switch costs. nH decreases, but the kink in the demand curve
continues to be a profit maximum.) Since nL is now larger, the
entire demand curve of the low-priced firm will shift right. Since
the low—pricedbfirm’s demand is now higher, this transfer of people
would generally require the equilibrium price of the low-priced firm
to be higher than before. Thus, within some rahge of prices, one
could imagine shifting market share in such a way as to generate a
continuum of equilibria. This is similar to what we did -in Example
2, where there was no.dispersion in w. These shifts could be done
in such a way that the optimal prices pH and pM do not change.
However, the'abundance of equilibria which may occur does ﬁot
guarantee than an»equilibrium always exists. Following is an

example in which no equilibrium exists.

Example 2: Suppose the distribution of w and ¢ is concentrated

on two points, (wH,éH) and (wL,cL), with NH and NL people

respectively. We shall call these consumers type-L and type-H.

Suppose furthermore that cH/wL 2> NL/NH, wH>wL>cH>0, wH—wL>CH, and

H 11 Then no equilibrium exists.

wH>Zc >0.

First, neither price is less than wL. We argue separately for

the cases cL>0 and cL=0.

Suppouse cL>0. If the lowest-priced firm has price less than wL,

it could profitably raise its price without losing customers, since

0 11. Parameters which satisfy are wH=10, wL=4, cH:Z, c =1, N'=1,
N =10. '
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customers will not flee to the other firm (which has higher price),
and will not flee out of the market, since willingness to pay of all
- customers exceeds the lowest price. This argument also applies if
both firms have the loﬁest price, providéd_c?)O.

If cL=0 and the lowest price is less than wL, that firm can

raise price without losing customers, provided pH>pL. If 0<pL:pH<wL
at least one firm has type—-L customers. The other firm can decrease
price marginally and increase profit by stéaling all the type-1L
customers. The only remaining possibility is that both prices equal
zero. But then both firms make zero profit and at least one of them
can make positive profit by increasing price and retaining his type-
H customers:. We conclude that if equilibrium exists, neither price
is less than wL

Second, if both prices exceed wL, then the prices must equal w .
If both prices exceed wL, then the only customers in the firms havé
willinghess to pay wH. The lower—-priced firm could profitably raise
price without losing any customers, since all of its customers have

willingness to pay szpH>pL. If the prices are equal, but less than

wH, then either firm could profitably réise'price without losing
customers.

-Thus, there are only three possible price configurations: Both
prices equal wL, both prices equal wH, or pL=w and'pH=wH. In the
first case, there may be type-1 and typeQH customers in each firm.

If a firm raises price hy cH, it loses all of its customers with

willingness to pay wL, but retains all the customers with

s

willingness to pay wH. Suppose né and ni, i:I,H, are the numbers of’
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type-H and type-L customers in firms i=L,H. Then if firm i deviates
to price wL+cH, his increase in profit is cHn;—wLni. But since
cH/wL > ni/n; for at least one firm i, such a price deviation by

firm i is profitable. This inequality holds'for at least one firm i

L i

| because cH/w > NL/NH 2 n;/nH for one of the firms, i. The first

inequality is by assumption. We show the second inequality.

Suppose NL/NH < n;/nﬁ for all i. Cross-multiplying, and summing
over i, NLZnﬁ = NLNH < NHZn; < NLNH. This is a contradiction.
[Although some of the type-L customers may not be in the market, all

of the type-H are in the market. wL+cH<wH.]

The second case, with both prices equal to wH, cannot be an

equilibrium because the firm with fewer customers could profit by

reducing price to wH-cH. Suppose n, are the total number of type-H

distribtted between the two firms. The firm with smaller market

é < %nH. If it reduces price to wH—cH, it gets all of
the customers from the other firm, and the increment to profit is
H_H H1 1 H H C

c )nH wo sng = nplswi-c 1, which is positive

share has n

H H H i
(w -¢ )nH wing 2 (w
by assumption.

. L_ L H_H . .y .

The third case, p'=w~ and p =w , is not an equilibrium because
none of the type-H customers remain in the high-priced firm. wH is
greater than wL+cH. Hence the high-priced firm,is making zero
profit and could increase prpfit by‘setting price equal to wL—cH,
which is positive by assumption, because it would gain some type—-H
customers.

We conclude that no equilibrium exists.
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4. Equilibrium with Entry

In this»section we consider the case in which entry of new firms
can occur. In a price-setting equilibrium the market, F, is divided
among firms with distributions Fj at firm j=1,...,T, and FO not
purchasing the good at all. Firm j charges its customers p‘j ‘and
finds it profit-maximizing to do so. Finall&, no new firm could
enter and profitably attract any customers, assuming the incumbents
keep their prices fixed. We will assume that F has as its support a
rectangle [E,G]i[g,al. This is consistent with w and ¢ béing
independently distributed.

As above, we will look for conditions on F under which the
equilibrium exists and is symmetric, 6r necessarily fails to exist,
or may exist but is not necessarily symmetric.

Since unprofitability of entry is an additional equilibrium
condition, price configurations which were equilibria with a fixed
number of firms may cease to be equilibria with entry. The main
result of this section is thaf whenever’g<ﬁ, or if c=w=0, no
equilibrium will exist. 1In order for there to be any possibility of
an equilibrium, we must have large switch costs, relative to

willingness to pay, for at least some of the population.

Proposition 4: If the minimum switch cost is positive and less

than the minimum willingness to pay, 0<{c<{w, no equilibrium with
entry exists.
Proof: The lowest price must be equal to the lowest switch

cost, pL=g. If the lowest price is below c then a lowest-price firm
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can raise its price without losing customers. And if the lowest
price is abo§e c an entrant can successfully_take some customers
from the'lowest—ériced firm at a positive entry price. However, any
firm charging pL:gican profit by raising its price. Since all its
customers haVe a positive switch cost, they will not go to any other
firm, and since they have a reservatién price strictly above pL,
they will not drop oqt of the market. Q.E.D.

Proposition 5: If c¢=0, 0<E,12

and w20, no equilibrium with
entry exists. |

Proof: As in the proof of Proposition 4, the lowest price must
be zero to deter entry. But, since a firm with zero price is
earning zero profit, such a firm will always want to raise its price
and retain some of its customers with positive switch costs, making

posifive profit instead. Q.E.D.

A consequence of Proposition 5 is that theiequilibrium discussed
in Proposition 1 ceases to be an equilibriumvif entry is possible,
and no equilibrium exists.

‘By virtue of these two-propositiohs, equilibrium can exist only
if gég and ¢>0. We now givé a simple example of a distribution F
for which'an equilibrium doe; exist, but these conditions, although

necessary to existence, are not sufficient.

12. Equilibrium exists if every customer’s switch cost is zero.
All prices are zero, and entry is deterred.
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Example: Let ¢ and w be independently distributed with the

distribution of w uniform on [0,w] and let g)%. The following

situation, with one active firm, is an equilibrium. All agents with

W2 purchase from the firm at a price p=5. Those below % are out

N |
OE ]

of the market. The firm is in equilibrium because p=% maximizes
its profit, the marginal profitability of a price increase is zero,
and for a price decrease is strictly negative. No outside firm can

enter with any non—negativé price because switch costs will make the

effective cost of purchasing'at best g, and this exceeds the

willingness to pay of all consumers who are out of the market.

5. Conclusion

We have explored the implication of switch costs for a price-
setting oligopoly. With no free entry and with reservation prices
constant across consumers we showed that an equilibrium may exist
only if the number of firms.is"small. In that case the prices will
generally equai the reservation pfice, except that there may be
exactly two firms who charge a lower pfice. With heterogeneous
reserﬁation prices, no general conclusions about the existence or
nature of equilibria are possible.

With free entry of firms, the only cases in which equilibria
“exist are when switch costs are high relative to reservation prices.

In this case customers are essentially under the monopoly power of
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the firm from which they are buying. However, if there were
positive finite entry costs, then these may be equilibria. It would
be interesting to characterize them and their dependence of these

costs——a problem that we leave to future work in this area.
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David E. Bloom. EMPIRICAL MODELS OF ARBITRATOR BEHAVIOR UNDER CONVENTIONAL
ARBITRATION (February)

Dale W. Jorgenson, Frank M. Gollop and Barbara M. Fraumeni. PRODUCTIVITY AND
GROWTH OF SECTORAL OUTPUT IN THE UNITED STATES, 1948-1979 (February)

Barry Eichengreen. WHAT HAVE WE LEARNED FROM HISTORICAL COMPARISONS OF INCOME AND
PRODUCTIVITY? (March)

Eric Maskin and David Newbery. DISADVANTAGEOUS'OIL TARIFFS AND DYNAMIC
CONSISTENCY

Suzanne Scotchmer. MARKET SHARE INERTIA WITH MORE THAN TWO FIRMS AN EXISTENCE
PROBLEM (March)
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Suzanne Scotchmer and Myrna Holtz Wooders, MIXED CLUBS: PARETO OPTIMALITY, THE CORE
AND COMPETITION (March)

‘James H. Stock and Mark W. Watson, TESTING FQR COMMON TRENDS (March)

David E. Bloom and Richard B. Freeman, THE "YOUTH PROBLEM": AGE OR GENERATIONAL
CROWDING (April)

David E. Bloom and Christopher L. Cavanagh, AN ANALYSIS OF ALTERNATIVE MECHANISMS
FOR SELECTING ARBITRATORS (April)

Juliet B. Schor, WHY CAPITALISM UNDERPRODUCES LEISURE: THE ECONOMICS OF OUTPUT-BIAS
(April)
Dale W. Jorgenson and Daﬁiel T. Slesnick, - THE MEASUREMENT OF SOCIAL WELFARE (April)

Dale W. Jorgenson and Daniel T. Slesnick, REDISTRIBUTIONAL POLICY AND THE
ELIMINATION OF POVERTY (April)

X. Gregory Mankiw and Matthew D. Shapiro, NEWS OR NOISE? REVISIONS OF THE PRELIMINARY
GROSS NATIONAL PRODUCT DATA (April)

Robert B. Barsky, N. Gregory Mankiw and Stephen P. Zeldes, RICARDIAN CONSUMERS WITH
KEYNESTIAN PROPENSITIES (April) :

John F. Kain, COMPUTER SIMULATION MODELS OF URBAN LOCATION (April)

Dilip Abreu, David Pearce, and Ennio Stacchetti, TOWARD A THEORY OF DISCOUNTED
REPEATED GAMES WITH IMPERFECT MONITORING (May)

Jeffrey G. Williamson, DEBATING THE BRITISH INDUSTRIAL REVOLUTION (May)
Suzanne_Scotchmer, EQUITY IN TAX ENFORCEMENT (May)

Eric Maskin and Jean Tirole, PRINCIPALS WITH PRIVATE INFORMATION, I: INDEPENDENT
VALUES (May)

Harvey Leibenstein, - ENTREPRENEURSHIP, ENTREPRENEURIAL TRAINING AND X~EFFICIENCY
THEORY (May) »

Suzanne Scotchmer, NONANONYMOUS CROWDING: THE CORE WITH A CONTINUUM OF AGENTS (May)
Lawrence H. Summers, DO WE REALLY KNOW THAT FINANCIAL MARKETS ARE EFFICIENT? (May)
Laurence J. Kotlikoff and Lawrence H. Summers, TAX INCIDENCE (May)

Robert H. Gordon, James R. Hines, Jr., and Lawrence H. Summers, NOTES ON THE TAX

TREATMENT OF STRUCTURES (May)

Olivier J. Blanchard and Lawrence H. Summers, HYSTERESIS AND THE EUROPEAN UNEMPLOYMENT
PROBLEM (May)

Laurence J. Kotlifoff and Lawrence H. Summers, THE CONTRIBUTION OF INTERGENERATIONAL

TRANSFERS TO TOTAL WEALTH: A REPLY (May)

Gilles Grenier, David E. Bloom and D. Juliet Howland, AN ANALYSIS OF THE FIRST.
MARRTAGE PATTERNS OF CANADIAN WOMEN (May)

Jeffrey G. Williamson, BRITISH INEQUALITY DURING THE INDUSTRIAL REVOLUTION: ACCOUNTING
FOR THE KUZNETS CURVE (May)

Barry Eichengreen, THE POLITICAL ECONOMY OF THE SMOOT-HAWLEY TARIFF (May)
Jeffrey G. Williamson, MIGRATION AND ORGANIZATION IN THE THIRD WORLD (May)

Lawrence H. Summers, INVESTMENT INCENTIVES AND THE DISCOUNTING OF DEPRECIATION
ALLOWANCES (June) . :

Alan B. Krueger and Lawrence H. Summers, EFFICIENCY WAGES AND THE WAGE STRUCTURE (June)

David T. Ellwood and Lawrence H. Summers, MEASURING INCOME: WHAT KIND SHOULD BE IN?
(June) ’
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Barry Eichengreen, HOUSE CALLS OF THE MONEY DOCTOR: THE KEMMERER MISSIONS TO
LATIN AMERICA, 1917-1921 (June)

Jerry Green and Jean-Jacques Laffont, COMPETITION ON MANY FRONTS: A STACKELBERG
SIGNALLING EQUILIBRIUM (June)

Suzanne Scotchmer, OPTIMAL AND EQUILIBRIUM GROUPS (July)

Alan B. Krueger and Lawrence H. Summers, REFLECTIONS ON THE INTER-INDUSTRY WAGE
STRUCTURE (July)

Dale W. Jorgenson, Hiraru Sakuramoto, Kanju Yoshioka and Masahiro Kuroda, BILATERAL
MODELS OF PRODUCTION FOR JAPANESE AND U.S. INDUSTRIES (July)

Dale W. Jorgenson, Masahiro Kuroda and Mieko Nishimizu, JAPAN-U.S. INDUSTRY-LEVEL

PRODUCTIVITY COMPARISONS, 1960-1979 (July)

James M. Poterba and Lawrence H. Summers, FINITE LIFETIMES AND THE CROWDING OUT
EFFECTS OF BUDGET DEFICITS (August)

Lawrence H. Summers, TAX POLICY AND INTERNATIONAIL COMPETITIVENESS (August)

N. Gregory Mankiw, CONSUMER SPENDING AND THE AFTER-TAX REAL INTEREST RATE (August)
N. Gregory Mankiw, GOVERNMENT PURCHASES AND REAL INTEREST RATES (August)

C.L. Cavanagh, ROOTS LOCAL TO UNITY (September) _
Jerry Green and Suzanne Scotchmer, BERTRAND COMPETITION WITH A DISTRIBUTION OF

SWITCH COSTS AND RESERVATION PRICES (September)



