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MULTI-PERIOD COMPETITION WITH SWITCHING COSTS

By ALAN BeGas anp PauL KiLEMPERER!

We analyze the evolution of duopolists’ prices and market shares in an infinite-period
market with consumer switching costs, in which in every period new consumers arrive and
a fraction of old cansumers leaves, We show prices {and profits) are higher than without
switching casts, and that this result does not depend importantly on our specific assump-
tions, We show awitching costs make the market more attractive to a new entrant, even
though an entrant must avercome the disadvantage that a large fraction of the market is
already committed to the incumbent’s product. We also examine the effects of market
growth.

Kevworps: Switching costs, lock-in, oligapaly theary.

L. INTRODUCTION

IN MANY MARKETS, switching costs give each consumer a strong incentive to
continue buying from the firm from which he has previously purchased, even if
other firms are selling functionally identical products. Examples of switching
costs include the transactions cost of closing an account with one bank and
opening another with a competitor, the learning cost incurred by switching to a
new make of computer after having learned to use one make, and the artificial
switching costs created by frequent-flyer programs that reward customers for
repeated travel on a single airline.?

Managers often seem more concerned with market shares than with short-run
profits. Switching costs explain why this may be rational behavior: switching
costs give firms a degree of monopoly power over their customers and so make
current market shares an important determinant of future profits. Switching
costs can thus help to explain phenomena such as the discounts firms offer to
attract new purchasers, and the price wars that occur when there is new entry
into a market.®> Switching costs may, moreover, have important implications at
the macroeconomic level, The value firms place on their market shares can, for

Lwe are grateful to our colleagues, especially V. Bhaskar, M. Hellwig, . Howison, and
M. Meyer, and two anonymous referees for belpful comments and suggestions.

Another kind of switching cost arises when uncertainty about product quality makes consumers
reluctant to switch to untested products (see, for example, Schmalensee (1982)). Here however
additianal complications arise, due to the possibility of prices being used as signals of product
quality and due to the existence of groups of customers who tried a brand and did not like it. We
ighare these issues. For other examples of switching costs see Farrell and Shapiro (1989), Green and
Scotchmer (1986}, Klemperer (1987a, 1990), Wernerfelt (1989), and the references they cite.

For a discussion of new entry when there are switching costs see Klemperer (1987¢, 1989). See
the discussion of two-period models below for an explanatian of why firms offer discounts to new
customers, and Klemperer {1987a) for further discussion and examples. The model we set out below
applies when firms cannot offer discounts only to new customers {because old customers could
successfully present themselves as “new” or because the gaod could be resold). See also pote 17.
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example, explain both why price-cost margins appear to vary over the business
cycle and why trade balances respond so slowly to exchange rate changes.*

Several authors have used two-period models to analyze markets with switch-
ing costs.® In the second period of such models firms’ power over their existing
customers leads to high prices and in the first period, therefore, firms typically
set lower prices than if there were no switching costs, in order to capture
market share that will be valuable in the future. Such models do not, however,
tell us what to expect from competition over many periods when “old” locked-in
customers and “new” uncommitted customers are intermingled and firms can-
not discriminate between these groups of customers. Will firms' temptation to
exploit their current customer bases lead to higher prices than in the absence of
switching costs, or will firms’ desire to attract new customers lead to lower
prices? Similarly, two-period models cannot easily address whether consumer
switching costs can reinforce a dominant firm’s position, or protect an incum-
bent from new entry, when a flow of new uncommitted customers is arriving and
replacing a fraction of old consumers in the market. Furthermore, two-period
madels may not be the most satisfactory ones for analyzing the effects of
business-cycle fluctuations, exchange-rate changes, or other shocks, because of
the special features of both the first and second periods of these models. This
paper, therefore, develops and analyzes an infinite-horizon model of competi-
tion in a market with switching costs in which in every period new customers
arrive and a fraction of old consumers leaves the market.

von Weizsicker (1984) built a model of switching costs in continuous time but
restricted firms to constant-price strategies and so abstracted from many of our
interests.% Farrell and Shapiro (1988) were the first to analyze an infinite-period
model in which firms compete in spot prices in each period, but their model
incorporates a number of unusual features. First, they assume consumers are
myopic, that is, that every consumer always buys from the firm offering the
lowest price in the current period, without regard to the future, In the presence
of switching costs, however, rational consumers consider expected future prices
when making today’s purchase decision, since today’s purchase decision locks
the customer in to repeat purchasing from the same firm in the future. Second,
in their equilibrium firms set prices sequentially, with the firms taking turns to
be the first mover (i.e. each duopolist sets price first in every second period).’
Third, and perhaps most important, their model generates the extreme result
that in each period one firm sells to all the repeat purchasers and no new
customers, while the other has no repeat business but sells to all the new
customers. Firms take turns in playing these two roles, and each firm always has

4 See Froot and Klemperer ¢1989), Klemperer (1990).
5See Banerjee and Summers (1987), Begas (1989), Caminal and Matutes (1999), Froot and
Klemperer {1989}, Klemperer (1987a, b, ¢}, and Padilla (1992). A very early finite-period model of
oli%()polistic competition in the presence of “demand inertia is in the classic paper of Selten (1955).
The working paper version af this paper sketches the extension of aur (discrete time) model to
continuous time and shows that our model’s main results are unaffected.
This alternating price leadership emerges endogenously in Farrell and Shapiro’s model.
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a fifty percent share of the market.® Qur model overcomes these deficiencies. It
makes more standard assumptions, and allows us to treat issues that the earlier
models cannot satisfactorily address.

Section 2 presents the model, Section 3 solves for the equilibrium, and
Section 4 examines the nature of the equilibrium. We show that prices and
profits are higher than in a market without switching costs and explain that
while it is possible to construct models, such as von Weizsicker's, in which
the opposite is true, there are several reasons for believing that our result is the
more general one. We also show that prices rise as firms discount the future
more, fall as consumers discount the future more, fall as the turnover of
consumers increases, and fall as the rate of growth of the market increases.’

We show that the higher profits in a market with switching costs mean that
entry into the market may be more attractive than in their absence, ¢even though
an entrant must overcome the disadvantage that a fraction of the market is
locked into the incumbent’s product. After new entry or any shock, market
shares converge monotonically to stable steady-state. If firms have equal costs
the convergence is to equal shares, so the flow of new consumers into a market
with switching costs results in the decreasing dominance of the initially larger
ﬁrm.m

We believe that our model is a natural one in which to analyze other issues
such as the effects of business cycles or of macroeconomic shocks in a market
with switching costs, but we leave these extensions to future work.'!

Although our model formally represents a market with switching costs, similar
results may also apply to markets in which a firm's future profitability depends
on its current market share for other reasons. Such a dependence could arise
not only from switching costs but also from consumers’ search costs in discover-
ing the existence or prices of competing products,'? from advertising generated
by past sales, network externalities,'> or even “irrational” brand loyalty.

8 Farrell and Shapiro also consider a model with growing demand in which each period the
number of new purchasers is larger by a factor y than in the previaus period, and in which the
market shares are always 1,/(1 + y) and /(1 + v), and a model with fixed costs which sometimes
yields complete monopoly. In an appendix they also set out a model in continuous time but their
analysis of it makes non-primitive assumptions about value functions that are not satisfied by our
maodel.

? Farrell and Shapiro's model cannot address the second and third of these four questions and
yields a less natural answer to the last (see note 32). von Weizsicker does not directly address any of
these questions. .

Farrell and Shapiro’s model, also, suggests switching costs facilitate entry, but their model
cannot address how market shares evolve (see Section 4.2 and note 22). von Weizsiicker's model]
does not address new entry.

Section 5.3 of the working paper version of our paper and Klemperer (1990) report early
results about these issues. von Weizsicker’s model is unsuitable for studying them because it
restricts firms ta constant prices over time. Farrell apd Shapiro’s model results in firms always
having the same market shares unless one firm completely drives the other out. (Qur model, by
contrast, results in market shares and prices varying smoothly in the model parameters.)

2gee Phelps and Winter (1970), Sutton (1980).

13 gee Katz and Shapira (1985),
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2. THE MODEL

Two firms A and B produce, at constant marginal costs ¢, and ¢y respec-
tively, a good which cannot be stored. In each of infinitely many discrete periods
every consumer has inelastic demand for a single unit of the product. In each
period a cohort of v “new"” consumers enters the market. These consumers’
tastes for different varieties of the product can be represented as uniformly
distributed along a line segment [0, 1], with the firms 4 and B at 0 and 1
respectively. A new consumer at y has a “transport” cost of ty of using A%
product or (1 —y) of using B's product in the period he arrives, and values
consuming the product in this period at ¢ less his transport cost (and net of any
start-up cost of initially using the product). In each period, every “old” con-
sumer {(i.e. consumer who has previously purchased) values the product pur-
chased at R and has no transport costs.'* We assume that it is too costly for a
cansumer to switch to buying from a firm other than the one from which he has
previously bought.”* For simplicity, we assume that a new consumer who fails to
buy must leave the market, but that this does not apply to old consumers.'S
After each period a fraction 1 — p of both new and old consumers {including
any old consumers who failed to purchase) leaves the market (“dies™), where an
individual’s likelihood of dying is independent of his past history.

Firms and consumers have rational expectations and discount future revenues
and costs using discount factors §; < 1 and &, <1 per period respectively. We
will be most interested in the case in which 8, = 8., but our formulation allows
us to show the effect of consumer expectations within the model. In particular,
the case 8, = 0 represents myopic consumer decision-making.

Let the current stock of old consumers be §. We will be interested in the
steady state where v = (1 —p)S /p.

In each period each firm noncooperatively and simultaneously chooses a price
to maximize its total expected future discounted profit.}” We write firm s price
and profits in a given period as p;, and . We will be interested in Markov
perfect {closed loop) equilibria, i.e. equilibria in which each firm's strategy
depends only on the state, that is the two firms’ stocks of old consumers, x, and
Xz, and not otherwise on history.8

" We discuss the case in which old as well as new customers have transport costs in Section 4.2,

15 We could explicitly include a start-up cost K of trying a brand and a cost K of switching to
the other brand (most naturally X' < K') and ali that follows would held for sufficiently large K, K.

The solution we find remains valid if new consumers are allowed to wait. The lower bound for
r is then in general higher than the one found in the Appendix as it is harder to guarantee that new
consumers always wish to buy, though this can still be done by making r sufficiently large. The
analysis is atherwise upaffected.

ITAll a fiem's customers pay the same price. Thus this model does not apply directly to
contractually created switching costs (repeat-purchase discounts, frequent-fiyer programs, etc.) in
which firms receive lower net prices from repeat customers than from first-time buyers. We amend
the model to apalyze this case in Section 5.1 of the working paper version of our paper and show
that when firms and consumers have a common discount factor this amendment makes no difference
to firms’ profits, the evolution of market shares, or the effective prices that consumers pay.

1% We thus rule out the kind of punishment strategies first studied by Abreu (1988), which might
allow mare collusive equilibria to be supported.
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3. SOLVING THE MODEL

Our method of solution is constructive. We look for an equilibrium in which
consumers always buy, so x, + x5 =S, firms’ strategies, (p(x,), pg(xz)), are
affine, that is

(1) p(x)=d, +ex,

and old consumers’ value functions (the sums of their expected discounted
utilities), W(x;}, are also affine. Note that, since x, =S —x, the state-space is
one-dimensional and we could write all these expressions as functions of a
single variable, but the current form keeps our equations symmetric.

We derive certain necessary conditions for an equilibrium to be of this kind
and show that there is only one possible solution. In order for the solution we
have identified to be an equilibrium, certain other conditions, such as sales
always being nonnegative, must be satisfied, and we show that for a range of the
parameters this is indeed the case.

The marginal consumer, who receives the same payoff from buying from
either firm, is in equilibrium located at a distance z/{x) from i, which depends
both on current prices and expected future values to consumers. If W, and Wy
are affine it follows that z,(x) is affine and that firm i’s stock of old consumers
next period, f{x), is determined by

@A) -mtex

Since value functions are the sum of current payoffs and expected future
payofls, this in turn implies that W, and W are indeed affine and firms’ value
functions, V, and Vj,, are quadratic, and that these functions are uniquely
determined by p (<) and pg(-).

A condition for firms' optimal behavior can be obtained by calculating
Z{p;, p;, x), the location of the marginal consumer when firms charge p; and p,
in the current period but are expected to follow equilibrium strategies there-
after. The affineness of W, and W, implies that Z, is affine and this plus the
fact that V, is quadratic implies, using the principle of optimality, that the
first-order conditions for firms’ optimal behavior are affine in x. This in turn
implies that firms’ (current-period) optimal strategies p(-) and pg(-) are
indeed affine, and are uniquely determined by V,, Vg, W, and Wy.

Combining the arguments of the last two paragraphs, we can therefore solve
for p (-} and pg(-) by the method of undetermined coefficients. The necessary
algebra is performed in the Appendix, as is the wverification of the other
sufficient conditions mentioned above. We thus obtain the following theorem:

THEOREM 1: If p <4/7 and |c, — cg| < &(p), then there is a range of R and r
for which there exists a Markouv perfect equilibrium in which firms’ equilibrium
strategies are of the form (1).

This is the unigue equilibrium in which agents pursue affine strategies and all
consumers buy in equilibrium.
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The Appendix contains expressions for firms' equilibrium prices and market
shares as functions of the state and the parameters of the model. (Note that
they are independent of R and r.)

The bound on the permissible cost difference, Z(p), is continuous and
decreasing in p. As p tends to zero, &(p) tends to 3¢, the cost difference up to
which both firms have positive sales in a standard model where all consumers
are new and so have no switching costs. At p = 1/3, ¢(p) is greater than 1.5¢,
and at p=1/2 it is greater than 0.5¢." When firms' costs are very different
(large |c, — cgl) no equilibrium in affine strategies exists, because for some
range of x one firm would prefer to set price R to sell to only its old customers
and leave all the new consumers to its rival, given the rival’s conjectured
strategy. With either a very small flow of new consumers (large p) or too high
consumer reservation prices (large R) we conjecture that an equilibrium in-
volves mixed strategies. This is because a firm whose rival was charging a
relatively low price would set the (high) price R to fully exploit its own old
customers, but a firm whose rival was charging a high price at or close to R
would undercut its rival slightly to attract the new consumers without giving up
too much revenue on its old customers. On the other hand, if consumers’
reservation prices are too low some consumers will not buy so we no longer have
X, +xg =35 and our solution is not valid.

We have not shown that there are not other Markov perfect equilibria which
do not have an affine form. However if p and |¢, — ¢yl are sufficiently small,
the unique equilibria of the finite-period versions of this madel are of this form
and converge to the equilibrium of our model as the number of periods becomes
large.

For the remainder of this paper we assume the parameters are such that an
equilibrium in affine strategies exists, and consider only this (unique) equilib-
rium.

4. THE NATURE OF COMPETITION

4.1. The Evolution of Market Share

Propasition 1:20 Firm i's period-T market share a; r evolves as
= T
(3) ar=0a,+u (0, 0y)

in which a, is i’s steady-state market share and p €{0.26p,0.36p).

If firms have equal costs, their market shares converge to equality from any
starting point (& < 1), so the dominance of the initially larger firm decreases.

1% By restricting 8. and &y one can improve the bounds for p and |¢, — ¢gl, but the improve-
ment is slight. Imposing r = R is possible but requires tighter conditions on p and |c , — cg|. We da
not wish to restrict ourselves to r = R, since first-time users may obtain higher utility from the
product but on the other hand may have to pay a statt-up cost,

Proofs of all propositions can be found in the Appendix.
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The intuition is that the larger firm gains relatively more from charging a high
price to exploit its current customer base than from charging a low price to gain
a greater share of the new consumers. Thus the larger firm charges the higher
price, sells to fewer new consumers and so loses market share to its smaller
rival.2!

More generally, even with unequal costs, a firm with more than its steady-state
share of old customers sells at a higher price-cost margin and wins fewer new
consumers than in steady state, thus losing market share. Hawever it sells to
more than its steady-state share of consumers in all, so convergence to the
steady state is monatonic (g > 0).22 Note that convergence is also very rapid

(u=p/3)

4.2. Comparison with Price Levels in the Absence of Switching Costs

In this and the following subsection we examine how switching costs affect
prices and profits. We compare the latter to those in a market without switching
costs, by which we mean a market of the same size in which all consumers are
new and so have no switching costs.??

ProrosiTion 2: In symmetric steady-state equilibrium, firms’ common price
exceeds the price in a market without switching costs.

We now discuss several reasons for believing that the result that a market

with switching costs has a higher price than a market without is a fairly general

one.

The naive argument why prices will be higher in the presence of switching
costs is that firms will exploit their monopoly power over their locked-in
customers. If customers and firms were myopic (8, = 8, = 0), this would be the
only force at work and prices would be ¢ + (z /(1 — p)). If however firms care
about the future then they will compete more fiercely for new customers, since

2L Bath joint profits and the sum of the firms' value functions are maximized at market shares of 0
and 1, so this result contrasts with Budd, Harris, and Vickers (1989), in whaose madel one firm
becomes increasingly dominant when joint fiow profits are maximized on the boundary. The reasons
are straightforward. First, in their madel, unlike ours, profits are additively separable from the costs
of attracting customers. Second, we explicitly model consumer behavior and consumers prefer,
ceteris paribus, to be attached to the smaller firm (it is expected to offer lower prices in the future).
Third, in our model dominance is further eroded by the turnover of customers.

This result seems natural but contrasts with Farrell and Shapiro’s model in which firms’ shares
of new and of old customers alternate between zero and one, because in their model consumers live
only two periods.

23 Note that r and R do not affect prices (within the range in which our equilibrium is valid), s
that it is unimportant that we are comparing our model, in which old consumers have reservation
price R, with a2 model in which all consumers have reservation price r: our results hold for all r and
R for which our equilibrium is valid. Likewise, we explain below that the results in our propositions
].‘Cn’llfin true if we give old as well as new consumers “transport costs.”

The result of the proposition remains true for asymmetric costs unless cost differences are very
large. Always, the lower-cost firm's steady-state price and profits, and industry steady-state profits,
are higher than in the absence of switching costs.
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these customers will become valuable repeat purchasers in the future.?s Sup-
pose imitially, therefore, that firms have to commit themselves once and for all
to a single price {and customers are myopic). It is easy to check that the
symmetric equilibrium price will be ¢ + ¢((1 — pdz) /{1 — p)). This exceeds ¢ + ¢,
the price without switching costs. Thus the fact that firms discount the future is
sufficient to imply that the desire to explait old customers outweighs the desire
to attract new ones.

This conclusion is reinforced when firms cannot commit themselves to a
single price. First, each firm will be less tempted to cut price since it will realize
that a smaller market share for its rival today means that the rival will be more
aggressive tomorrow. Second, if customers are rational they will recognize that a
firm that cuts price today will charge higher prices in the future. This reduces
consumers’ responsiveness to price cuts and lowers still further the incentive to
cut price.

In fact, it is arguable that even this underestimates the extent to which prices
exceed those in a market without switching costs. For we have compared our
madel in which old consumers have no “transport costs” to a model in which all
consumers have “transport costs.”? If, in our model of switching costs, all
consumers have transport costs in every period and each consumer remains at
the same position on the line in every period (unchanged tastes), then a new
consumer takes into account the entire expected discounted sum of the trans-
port costs he will pay and acts as if he had a one-time transport cost

t
t(L+pde+(pde) +...) = T8
This multiplies equilibrium prices by 1 /(1 — p8.). "

This last result reflects the fact that because switching costs lock consumers
into buying from a firm for more than one period, the importance of the current
values of economic variables in consumers’ decision-making depends on the
extent to which these values are likely to persist. Thus consumers’ choices
between firms are relatively insensitive to current prices, and so extremely high
equilibrium prices obtain, when tastes for real product differentiation are
constant but firms cannot commit themselves to hold prices constant (so
differences in prices will not persist).

Al the other extreme, if we return to our assumption that consumers pay
transport costs only when new (that is tastes for real product differentiation are

% In the two-period models of Klemperer {1987a, b) this is sufficient to imply that prices are
generally lower in the first period than in the absence of switching costs.

However, aur model gives the same equilibrium prices as one in which all consumers have
transport costs, but consumers’ future positions on the line are independent of their current
positions and, in expectation, equidistant between the two firms (because then future transport costs
have no effect on consumers’ current preferences between the two firms, so whetiier or not old
consumers have transport costs has no effect on prices). {We cannot easily compare our model to 2
model without switching costs in which some consumers have no transport costs, as the latter has no
pure strategy equilibrium.}

When old consumers have transpart costs, the values of » and R for which the equilibtium is
of the form we have examined are slightly altered.
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transient) but assume that each firm chooses a price that cannot be altered in
the future (that is prices are persistent), then consumers pay more attention to
current prices and less to product differentiation and so equilibrium prices fall
(to ¢+ t({(1 —pdp) /(1 — p)X1 — p8.)). Thus in this extreme case, the market
may be either more or less competitive than in the absence of switching costs.
However, making any one or more of the changes (a) giving consumers transport
costs in every period, or (b) locking for a closed loop equilibrium {(in which
firms cannot precommit themselves to future prices), or (c) making consumers
myopic, gives the unambiguous result that the market with switching costs has
the higher prices. (In fact, in our model, when firms have the same costs, even a
new entrant with no customer base to exploit charges a higher price than in the
absence of switching costs.) Thus our analysis suggests a strong presumption
that prices are higher in the presence of switching costs than in their absence.

This discussion explains why von Weizsiicker (1984) found that switching costs
are likely to lower prices: he assumed both that firms commit themselves not to
alter their prices in the future and that consumers’ tastes for real product
differentiation change over time.

One advantage of our model is that it can address whether the existence of
switching costs tends to raise or lower prices when firms must balance the
temptation to exploit old customers with the desire to attract new ones.® A
drawback of the steady-state approach is that firms always start with an
“installed base.” If we add a “first period” in which neither firm has any old
customers, pricing is more aggressive in this first period than in a market
without switching costs, as is typically found in two-period models {e.g.,
Klemperer (1987a, b)). However, even in this case, firms’ present discounted
profits remain higher than in the absence of switching costs.?>¥

4.3, New Entry

ProrosiTiON 3: If firms have the same marginal costs, then each firn's value
function is greater than in the absence of switching costs, even when it has no
customer base.

3 Facrell and Shapire’s model would vield price competition with undifferentiated products,

hence zero profits, in the absence of switching costs, so switching costs cannot do other than raise
rices.

P We cannot solve our model easily if we simply add on an initial period with ¥ new consumers
and no ald anes, because the number of consumers in the market then increases only gradually to its
steady-state level, v + 5. However if we add a first period with » +§ new consumers and no old
ones, the continuation in every subsequent period will be determined by our steady-state solution,
sa it is routine to check that with equal costs the price in this first period is less than in a2 market
without switching costs with either myopic or rational (5. = ;) consumer expectations. It remains
true, for the reasons discussed above, that firms’ present discounted profits exceed those in the
carresponding market without switching costs.

The assumption that the propaortion of new customers is always the same (s also responsible for
the result in our madel that an incumbent’s price falls monotonically towards that of a new entrant.
In Klemperer (1989) the incumbent and entrants bath charge lower prices in the entry period and
subsequently raise price, because in that madel the new entrants serve a pool of consumers with Low
reservation prices who had not been served by the incumbent, so that there is a very large
proportion of new consumers in the entry period.
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It follows that if A were a monopalist and B were a potential entrant with
equal marginal costs but facing a fixed cost of entry, B would enter in the face
of larger fixed costs than would be the case in a market without switching costs.

The intuition is simply that although a new entrant is disadvantaged by the
fact that a fraction of the market is locked into the incumbent’s product, this
deterrent to entry is outweighed {at least for survival rates such that our
equilibrium is valid) by the higher markups in the presence of switching costs.

The conclusion of the Proposition remains true if firms’ costs are different,
unless cost differences are very large, so the presence of switching costs
generally facilitates new entry of either lower- or higher-cost firms.3!

4.4, Comparative Statics

Proposition 4: () Each firm's price increases in its own cost, in its rival’s cost,
and in its market share.

(i) In symmetric, steady-state equilibrium, firms' common price increases in
consumers’ repeat-purchase rate, decreases in firms’ discount factor, increases in
consumers’ discount factor and, when firms and consumers have a common
discount factor, decreases in the common discount factor.

Appendix C gives expressions for firms’ prices.

Firms® prices increase in both firms’ costs for the same reasons as if there
were no switching costs, while the result that a firm’s price increases in its
market share reflects a larger firm’s greater incentive to exploit its old customer
base.

The consumer repeat-purchase rate, p, is also the fraction of consumers who
have switching costs in any period, so it follows naturally from the discussion in
Section 4.2 that prices increase in the consumer repeat-purchase rate.

Price decreases in the firms’ discount factor, 8., because market share
becomes more valuable to firms as they care more about the future and so they
compete more fiercely for it. (This effect is only partly mitigated by firms
knowing that fiercer behavior today results in a fiercer rival tomorrow.)

We also saw in Section 4.2 that price increases in the consumers’ discount
factor, 8., since customers who value the future more are less sensitive to price
cuts.

When firms’ and consumers’ discount factors are held equal, the effect of the
former on price dominates that of the latter. Thus an increase in the discount
factor lowers prices both in the natural model with rational expectations
(holding 8, = 8.) and with myopic expectations (holding 3. = @).

Beggs and Klemperer (1989) give additional comparative statics results for
prices, profits, and market share when firms have unequal costs. With minor
exceptions the results are as for the symmetric steady-state case.

 Proposition 3 also holds when old as well as new consumers have transport costs (see Section
4.2).
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4.5. Pricing in a Growing Market

In this section we ask how competition in the presence of switching costs is
affected by steady growth in the market size. We find that although the form of
the equilibrium is similar, prices and possibly even discounted profits are lower
than in a static market.

We assume that in every period the number of consumers is larger than in the
previous period by a factor y. We again look for Markov perfect equilibria. Now
however the natural choice of state variable is a firm’s current share of old
customers, rather than its absolute number of old customers. Provided yé, is
less than unity, so value functions are bounded, we obtain the following
proposition:

ProrosiTioN St If p/v <4/7, lc,—cpt <p/y), and y8, < 1, then there is
a range of R and r for which there is a unique Markouv perfect equilibrium in which
agents’ equilibrium strategies are affine and consumers always buy in equilibrium.

Firms® equilibrium prices are the same functions of their current shares of old
customers as would apply in Theorem 1 if there were no growth but the survival
rate were p/y and discount factors were v, and y3p.

To understand this, first consider the problem in which the survival rate, p, is
also multiplied by y. In this case the ratio of new to old consumers is
unchanged, so for any given current sales, the numbers both of old consumers
attached to each firm next period and of new consumers next period would be y
times the numbers in the original static model. For given consumer demand,
therefore, we have simply multiplied the value of each successive period by v,
so the effect on firms is exactly as if we had multiplied their discount factors by
vy and left the survival rate unchanged. For consumers, given this behavior, the
fact that their probability of reaching each successive period is multiplied by
is equivalent to multiplying their discount factor by ¥ and leaving the survival
rate unchanged. Thus the solution to the original static problem when both
discount factors are multiplied by y is the solution to the problem in which both
the survival rate and the growth rate is multiplied by y.

The solution to the problem in which only the growth rate is multiplied by ¥
is, of course, the solution to the above problem with the survival rate divided by
¥, hence our result.

ProrosITION 6: fn symmetric steady-state equilibrium, prices are decreasing in
the rate of growth of the market, but are always higher than in a market without
switching costs.

There are two reasons why prices are decreasing in the rate of growth: first,
more rapid growth reduces the proportion of locked-in old consumers and so
lowers prices. Second, the increased relative importance of the future means
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that firms would compete more vigorously for future profits, which also lowers
prices.?? In fact, more rapid growth may reduce prices so much that both
current-period profits and expected total discounted profits may be lower in a
more rapidly growing market (holding constant the number of repeat-purchasers
in the current period).

Wadham Coliege, Oxford, OX1 3PN, UK.
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APPENDIX
A. Proor oF THeEOREM 1
Let
Vi(x)y =k, +bx +m,x?
and
Wix)=g +hx

Let the new consumer who is just indifferent between purchasing from A4 and B be located at a
distance z,(x) from i. Then

(A1) flx)=n+px={1-p)82,(x) +px.
Equating the payoffs ta the marginal consumer from buying from the two firms, we have
R—uz{x)—p(x) +p8:W,(f{x))

=R—t(1-2,(5—x}) —p{(8 —x) +pd:MW,(S—f,(x)}.
Using this and (A1) we can solve for z{x}. Substituting back in (Al) yields
3 (1 —p)S(: -{d,~d)+e85+pb-(2,~ g —h}-S))

2t —p(1-p)8:8(h,+hyg) ‘

2pt - (1—p)S(e, +eg)

(A20)  p=g— = .
2t —p(1—p)8cS(h+hg)

(Additional algebraic details for this Appendix can be found in Beggs and Klemperer (1989): we
can show that none of our expressions involves dividing by zerg.}
Using {1) and {2)

Wi{x)}=R—d —ex+pbW{m +px)

(A2a}

holds for all x so we can equate the coefficients on x and equate the constant terms to obtain
{Ala} h;= —e, +pb-h g,
(A3b) g, =R—d, +pdc(g:+hm)

* The second effect would arise even if the proportion of old consumers were held constant as
the growth rate increased (provided 8, < &7). Farrel! and Shapiro obtain the apposite result, that
prices are higher in a growing market. Their result is due to the timing of moves in their game; they
do not consider it intuitive.
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We can solve these to obtain &, and g, as functions of d ,, dg, e 4, and 25 and the parameters R, p,
8¢, 8, and ¢, (Determining h, and hyp in terms of ¢, and e, involves solving a quadratic equation
—we can shaw that only the negative root is relevant.)

Using (1) and (2) again (and neting that i's total current sales are (x; + wx)/p in equilibrium),

Vi(x} = (di + egx —¢.)(m+ px) /o + 8V (m; + ux).
So we can equate coefficients to obtain
(Ada) my=ep/p+ Epmul,
(Adb)  L=(d;=c;)iu/ptemfo+Oplye + 28 ,pmyp,
(Ade) ki={d;—c)ni/p +5F(ki+ziﬂi+mi’?ii)‘

We can salve these for each of &, [, and m, in terms of 4, dg, ¢,,, €5, and the parameters of the
problem.
Finally, optimal behavior by firm { requires

(AS) pi(x} € argmax {(p,— e} x+ ((1—p)}/0)SZ( b, y, 1))
n

+8zVi( px + (1-0)SZ(p;, p;, x)) }
in which the marginal new consumer’s distance from i, Z,(p;, Pj x), satisfies
(AS) ~ Pt 8 W1 = p)SZ 5y, i, x) + px )} —1Z( Dy, 0j1 X)
=-p +pSCW}(S - ((1 -0)SZ,(p;, pjy x) +px) ) - f(l -Z( 0 05, x)) .

Differentiating (A3) with respect to p, we obtain the first-order conditions for i's equilibrivm
strategy and can remove their dependence on p; by noting that in equitibrium Z,(p;, p,, x) = z,(x),

which latter function is defined by (A1) and (A2). Since the first-order conditions hold for all x, we
can equate the constant term and the coefficient with those in {1} to abtain

2r*

"
ATa = ——— — 2pfem,u,
( ) £ S(]. _.0) PApiH
2%y,
(A7b})  di=c+ e 208pm 1, — pbel;,

in which t* =t — [p(1 — p)8-SCh , + hp)i /2.

The right-hand sides of (A7a) and {(A7b) are known functions of 4, dp, e, and ez, and the
parameters of the prablem, so these four simultaneaus equations can be solved to determine these
four variables and hence all the other unknowns.

In fact, the prablem can be reduced to solving a single equation: eliminating s, from (A7a)
yields a linear equation far ¢; in terms of ¢* and p, so, since exactly the same equation holds for A
and B, we have e, = ez = ¢, say. Furthermore, eliminating # , + ky from (A2b) gives an equation
for 4 in terms of ¢; so we can now eliminate u (and also 4, + kg and £*) from (A7a) to obtain an
equation for ¢ that is independent of d, and 4. (It follows that e, hence also p, hence (from
{AT7a)) also m,=mpy=m and therefore'alsa k, =hy =h are independent of the firms’ costs.)

Having solved the equation for e, we can straightfarwardly solve (A7b) for 4, and 4y, and hence
all the other variables. It remains, therefore, t0 show that the equation for e does indeed have a
solution. It is easjest to examine the equivalent equation for w. Using (Ada) we can solve for m in
terms of ¢ and w, and substituting in (A7a) solve for ¢ in terms of w and r*. Substituting for ¢ in
(A2b) we obtain an equation linking u and ¢*:

3-8
o EET Il T

Using (A3a) we can solve for e in terms of %, Substituting inta {A2b) we can solve for & in terms of
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4. Substituting for A in the definition af £*, we abtain
*=1(1+(p— u)pdc).

Hence, using this to substitute for +* in the previous equation, we ghtain
(AR) p(ﬁnu.j+1)—;.c(ﬁfp_i—3)(pacy.—(1+p25(_~)) =1{.

This is a quartic with four real roots in the intervals ( — s, — ¥3/82),40,p), (1,01 + #28.)/p8c), and
€1 + p%8,.)/pb ), but we will show that the only admissible solution for @ i the root in the
interval {0, p).

Sufficient conditians for the above equations to he a solution to the mode) are that in every
period (a) all new consumers prefer ta purchase from either firm rather than not bay at all (it is not
enough to guarantee that every consumer is always willing to buy from his preferred firm in
equilibrium because our analysis assumes that if a firm. raised its price then any new customers it
lost would buy from the other firm), (b} all old cansumers wish to purchase, {c} equation (AS)
specifies a concave problem for each firm so that the first-order conditions are yielding maxima,
(d) no firm would prefer to raise its price above the level specified by (A7) and serve only old
cansumers {the mathematics {incorrectly) assumed that at sufficiently high prices a firm sells to a
negative number of new customers and so the profitability of very high prices was
upderestimated—we must therefore consider such strategies separately), {e) the equations da not
require a firm. to serve more than 100% af the new consumers (as noted above, this constraint was
not explicitly included in the mathematics).

A canditian that ensures (a) holds is r>max;_, g{d;+eS+1— p8 W f(SN), that is, every
new cansumer would prefer to pay the highest price ever charged in equilibrium rather than not buy
at all. Condition (b) requires R > max,_ , 5 (d, + eS). Straightforward algebra shows that {c) js
always satisfied pravided — 1 <p <1, i.e. the system is stable, which is in any case required for {e)
(see below).

Condition {d) requires (R — ¢ )x + 8-V px) < Vi(x) for all x. We now show that this is certainly
satisfied if R <max;_, z{d;+ ¢S}, so long as (e) halds:

Without lass of generality, let ¢; > ¢), sa 4, > d,. Given {e), { sells to a nan-negative number of
new customers if it sets a price d; + e§ when it has § old custamers and ; charges 4. It follows that
i would sell to a non-negative number of new customers at any smaller share of customers if §
charged d; +eS and j followed the strategies specified by (A7) (this follows from the equation
for Z{p; p;, x) that we can derive from (AG6)). Since j has lower costs, customers prefer,
ceteris paribus, to buy from j, so j would sell ta a nonnegative number of new customers if |
deviated to d; + eS. (Note that i's equilibrium price is higher than j’s equilibrium price.} It follows
that, since the previous analysis has evaluated the profitability of either firm charging any price up to
d; + &8 carrectly, neither firm will deviate. (This argument proves anly that there is a single value of
R consistent with (b) and (d). A slightly harder arpument shows that if c;=¢;, (d} is certainly
satisfied if R <d; + &S + t(4 — 7p) /(4 — 4p), 80 that an interval of values of R is consistent with (b)
and (d). Numerical computations show that the range of R for which aur solution is valid is
generally much larger.)

The final candition to be checked is {e). An equivalent conditian is that our solution specifies that
each firm will always sell to a non-negative number of new custorners, or that each firm has at least
as many old customers next period as it would if it had sold to no new customers, i.e.

(A9) N tuxzpx, Y

Now =, + px + 1, + u(8 —x) = 5. Therefore p > 1 woul imply min{n,, n,} <0 so the conditions
would fail at x =4, while ¢ < —1 wduld imply min{%,, ;) < —5 so the conditions would fail at
x = 5. Thus we require {u! < 1, so we must select the vnique root for i in the interval {0, p). In the
symmetric case ;= (1 — u)S/2, so (A9) becomes (1 — 1)$ /2 + uS = pS which is satisfied for all
p<4/7, since p>2p 6+ szﬁc)—scc Appendix B. (It is hard to improve on this bound; for
8,=8p=0, (A9) is violated for p > 0.6.) Furthermore, since 7, is a linear function of costs (see
Appendices B and C) condition (e) will hold so long as the two firms are nat too asymmetric.

B. Praor oF Prorosimion 1

o 7 =%; 7, /S (firms’ current shares of old customers are their previous-period market shares),
$0 0, 7= 1,/S + wa; r_y, from (2), which implies (3), in which 4, =7, /(1 — x)S).
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Furthermore, from (A8},

= ( (12 +1/8:) /((3/8) = 1%) ) (/1 + 08 — pdcr))
sa, far the raot of interest {u € (0, p)), we have 1 > p /(31 + p25,.)) > p /6. Substituting x> p /6 in

the equality yields g > 2p /(6 + 5023}, so for p < 4 /7 we have u > 0.26p. Also, the equality yields
m < +1)/3 - 1?Np, so p 2 4/T =5 <036p.

C. Expressions FOr PRICES AND MARKET SHARES

Straightforward, but tedious, algebra yields
x
{A10) pi{x)=¢;+ 20w+ (E—a‘-)u

in which i's steady-state market share is

gl st
Y2 4o+ 21-pd )]

—c;

and

I3 t 2 2
@ = m(l +p’8— ppbc — (2ﬂ3F/(3 - 35‘!-‘-2))) =7 =, (1 + 5925c - EpaF)'

t ! 2p
o= (0=am) 0-00)) = 1 ().

where w is the root of (A8) in (0.26p,0.36p).
D. Proors oF PROPOSITIONS 2-6

Propositions 2 and 4 are easily ahtained fram. (A10) using our earlier result that p is the root of
{AR) in the interval ((.26p,0.36p). Proposition 3 uses straightforward but tedious algebra to show
that when ¢; = ¢,

8 1
V,;(0)=k£>!('ip—)('f—_-8—£] for p = 0.

(In the absence of switching costs each firm’s price-cost margin is ¢ and per-period sales are
(1 /2XS /p).) Propasitions 5 and 6 follow easily using the arguments in Section 4.5 and the results of
Froposition 4.

REFERENCES

Apreu, D (1988): “On the Theory of Infinitely Repeated Games with Discaunting,” Econametrica,
56, 383396,

Baneriee, A, anp L. H. Summers (1987): “On Frequent Flyer Programs and Other Loyalty
Inducing Arrangements,” Harvard Discussion Paper No. 1337,

Beaas, A. W. (1989) “A Nate an Switching Costs and Technalogy Choice,” Journal of Industrial
Economics, 37, 437-440.

Becas, A. W., anp P. D, KLemperer (1989): “Multi-Period Competition with Switching Costs,”
Discussion Paper No. 45, Nuffield Collége, Oxford.

Bupp, C, C. I. Harris, anp J. S, Vickers (1989): “A Moadel of the Evalution of Duapaly,”
Discussion Paper Nc. 47, Nuffield College, Oxford.

CamivarL, R., anp C. Matures (1990): “Endogenous Switching Costs in a Duopoly Model,”
International Journal of Industrial Organization, 8, 353-374.

FarmrerL, I, anp C. Suapro (1988): “Dynamic Competition with Switching Costs,” Rand Journal of
Economics, 19, 123-137.

{1989): “Optimal Contracts with Lock-in,” American Economic Review, 79, 51-68.

Froot, K. A, aNn P. D. KLempERER (1989): “Exchange Rate Pass-Through when Market Share
Matters,” American Economic Review, 79, 637-654.




666 ALAN BEGGS AND PAUL KILEMPERER

GRreen, I, anp 8. A. ScorcHmer (1986): “Switching Costs as an Explanation for Price Dispersion,”
Working Paper, Graduate School of Public Policy, University of California, Berkeley.

Karz, M. L, anp C. Suarro {1985): “Network Externalities, Competition and Compatibility,”
American Economic Review, 75, 424—440,

Kiemperer, P. D. (1987a): “Markets with Consumer Switching Costs,” Quarterly Journal of
Economics, 102, 375-394.

{1987b): “The Competitiveness of Markets with Switching Costs,” Rand Journal of Eca-
nomics, 18, 138-150.

—— (1987¢): “Entry Detetrence in Markets with Cansumer Switching Costs,” Economic Journal,
97 (Supplement), 99-117.

——— (1989): “Price Wars Caused by Switching Costs,” Review of Economic Studies, 56, 405-420.

(1990). “Competition when Consumers have Switching Costs: An Overview,” 1990 Review of
Economic Studies Lecture and St Catherine’s College, Oxford, Working Paper.

Papiira, A. J. (1992): “Mixed Pricing in Oligopoly with Consumer Switching Costs,” International
Jaurnal of Industrial Organization, farthcoming September, 1992

PueLes, E. 8., anp 8. G. WiNTER (1970): “Optimal Price Policy under Atomistic Competition,” in
Microeconomic Foundasions of Employment and Inflation Theory, ed. by E. S. Phelps et al. New
York: Norton, pp. 309-337.

Scematensee, R. L. {1982): “Product Differentiation Advantages af Pioneering Brands,” American
Economic Review, 72, 349-365.

SerTeN, R. (1965). “Spieltheoretische Behandlung eines Oligopolmodells mit Nachfragetrigheit,”
Zeitschrift fiir die Gesamte Staatswissenschaft, 121, 301-324 and 667-689.

Sutton, I. (1980) “A Moadel of Stachastic Equilibtium in a Quasi-Competitive Industry,” Review of
Econamic Studies, 47, 705-722,

vOoN Weizsicker, C. C. (1984): “The Costs of Substitution,” Econometrica, 52, 1085-1116.

WernNERFELT, B. (1989): “Brand Loyalty and Market Equilibrium,” Discussion Paper, Graduate
School of Management, Northwestern University.






