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Abstract Earlier work characterized pricing with switching costs as a dilemma
between a short-term “harvesting” incentive to increase prices versus a long-term
“investing” incentive to decrease prices. This paper shows that small switching costs
may reduce firm profits and provide short-term incentives to lower rather than raise
prices. We provide a simple expression which characterizes the impact of the intro-
duction of switching costs on prices and profits for a general model. We then explore
the impact of switching costs in a variety of specific examples which are special
cases of our model. We emphasize the importance of a short term “compensating”
effect on switching costs. When consumers switch in equilibrium, firms offset the
costs of consumers that are switching into the firm. If switching costs are low, this
compensating effect of switching costs causes even myopic firms to decrease prices.
The incentive to decrease prices is even stronger for forward looking firms.
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1 Introduction

Switching costs (SC) are a common feature in markets where consumers make
repeated purchases over time. Starting from Klemperer (1987), the economic analysis
of SC compared a short term incentive to “harvest” loyal customers with a long term
incentive to attract new customers (“invest”) for future harvesting. This is echoed
in the recent handbook chapter by Farrell and Klemperer (2007) who conclude that
the majority of theoretic models imply that the short term effect dominates and SC
should relax competition and increase prices.

This paper highlights an additional short term effect of SC beyond the harvest-
invest dichotomy that actually decreases prices. If most of the firms’ marginal
customers pay the switching cost, an increase in the SC acts like a tax. The firm has
to decrease prices below the competitive level in order to compensate the customers
that are switching from other goods. This downward pressure on prices applies even
if the firm is completely myopic and has no incentive to invest and increase its market
share for future harvesting.

The compensating effect of SC is the mirror image of the harvesting effect.
Whereas harvesting reflects the ability to charge more to loyal customers—who are
less likely to switch due to SC—compensating reflects the short-term value of non-
loyal customers who can be induced to switch products. The compensating effect is
distinct from the long-term investing effect because it reflects the short term value
of marginal customers to today’s revenue while the investing effect reflects the long
term value of a loyal customer tomorrow who will be willing to pay more for the
firm’s good in order to avoid any switching costs.

Whether an increase in SC generates a short term incentive for the firm to increase
or decrease prices depends on the balance between the compensating and harvesting
effects. This, in turn, depends on the ratio between the firms’ marginal customers that
would have to pay the SC and those that do not. Our results show that in many situ-
ations when SC are low, the compensating effect by itself explains why SC decrease
resulting prices and profits, even if firms are completely myopic.! In particular,
attributing the decrease in prices only to long run investing behavior by the firms in
such settings, as is suggested by the harvest-invest approach, is unwarranted.

While intuitive, common modeling assumptions obscure the compensating effect.
First, much of the earlier work (e.g., Farrell and Shapiro 1988; Beggs and Klem-
perer 1992) assumed that SC are so large that, at least in equilibrium, all of the firms’
marginal customers are non-switchers. This eliminated the compensating effect by
construction. Our results, in contrast, focus on the case that SC are low. A sec-
ond alternative assumption is price-discrimination based on consumer loyalty (e.g.,
Chen 1997; Dubé et al. 2009; Cabral 2012). While the qualitative result under
price discrimination is similar to ours—SC create a short term incentive to decrease
prices—the economic forces leading to it are different. In particular, firms can com-
pete fiercely for customers that are not loyal to them without affecting the profits

1Many empirical studies consider small SC (e.g., Keane 1997; Shy 2002; Shcherbakov 2010; Dubé et
al. 2010; Ellickson and Pavlidis 2014). We discuss these in more detail below.
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from their loyal customers. This changes the short term game considerably from the
non price-discrimination case and replaces the compensating effect. In particular, the
optimal prices under price discrimination are independent of the relative size of each
loyalty group, which is not the case without price discrimination. Finally, a common
assumption is that all firms in the market are symmetric and there is no outside good
(e.g, Klemperer 1987; Rhodes 2014).> Proposition 3.1 shows that in such settings, if
consumers are myopic and SC are low, the short term effects (harvesting and com-
pensating) cancel and prices and profits decrease due only to the investing effect. Our
results show that this result is knife-edge, and for example, can be reversed by the
introduction of an outside good.>

The model presented in this paper—small switching costs in competition between
asymmetric firms that do not price discriminate—is applicable to understand the
dynamics of many consumer markets which have been studied empirically (e.g.,
orange juice, yogurt, ketchup — all considered in the empirical literature cited
below).* This paper is the first to formalize the short term harvesting and com-
pensating incentives as well as the long term investing incentive of SC using an
infinite-horizon framework. While it is possible to see the compensating effect even
in a static game, the dynamic setting is required to determine the firms’ steady state
market shares and the resulting balance between harvesting and compensating in
equilibrium (Klemperer 1987). This holds even if firms are myopic. In addition, a
static analysis cancels the important investing effect for forward looking firms.

To determine the conditions under which switching costs are likely to increase
or decrease prices, we examine a series of special cases of our model. Under sur-
prisingly modest conditions the compensating effect dominates short-term incentives
and causes even a myopic firm—seeking to maximize only present-period profits—
to react to an increase in SC by lowering prices, in contrast to common intuition.’
The more familiar role of the investing incentive is also clear, as firms become more
patient, holding all else equal, they are more likely to decrease prices as a result of
the introduction of switching costs. Combining both short and long term incentives,
Propositions 3.1 through 3.5 provide precise characterizations of common settings in
which the overall effect of SC is a decrease in prices.

To see why the compensating effect is likely to dominate harvesting, consider an
environment without switching costs. With many firms in this market, consumers
switch frequently, so a firm’s marginal consumer is unlikely to be a repeat purchaser.
If a low SC is introduced to the market, demand from the “non-loyal” consumers

2K]t:mperer (1987) considers several alternative two-period models. Of these, the closest to ours is when
consumer preferences are uncorrelated between the two periods. In this setting he focuses on symmetric
firms and finds that the short term (second period) effect is zero and the first period (investing) effect
decreases prices and profits. Our analysis generalizes this result and confirms Klemperer’s conjecture (in
the conclusion there) that in asymmetric markets a firms’ reaction depends on its market share.

3Pearcy (2014) shows that allowing for consumers to be forward looking can also reverse the qualitative
effect of SC on symmetric markets.

4 Aside from small SC, the main assumption in our analysis is that the consumers’ purchasing deci-
sion is myopic. With the exception of Pearcy (2014), this assumption is common to the previous studies
mentioned above, and relaxing it is an important avenue for future research.

SRoughly this result requires that the firm has less than average market share.
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drops while demand from loyal consumers increases. Critically, the firm’s prices and
profits are still driven by the demand from marginal consumers who in many cases
are primarily non-loyal. Thus, compensating dominates: the short term effect of an
increase in SC is to reduce prices and profits. Note that this logic holds even if firms
are myopic (i.e., there is no incentive to invest). If firms are forward looking, the
investment effect provides additional incentive to lower prices.

An important implication of our analysis is that price changes may not reflect the
welfare effects of SC. An increase in SC will generally reduce consumer welfare—
consumers are either forced to pay an extra SC or to stay with a good they would
rather switch away from. However, an increase in SC may either decrease or increase
prices and profits. We find that, in competitive markets with small SC, an increase in
SC is likely to decrease consumer welfare, prices and profits.

Our analysis adds to a long literature on SC.° Farrell and Klemperer (2007) pro-
vide a detailed and current review of the economic analysis of SC, outlining the
“harvesting” and “investing” conclusions described above. In addition to the papers
mentioned above, the working paper version of Viard (2007) provides an alternative
two period model of SC, but the results rely on price competition. Our analysis shows
that all the effects occur even if only one firm changes its price in response to the SC
while the other firms’ prices are fixed, as well and in a more general dynamic setting.

Our work, which does not rely on strong functional form assumptions, comple-
ments recent work which investigates switching costs without price discrimination
in more stylized models. Recently, Biglaiser et al. (2013) have pointed out that when
SC are heterogeneous, they may result in lower firm profits. This result, however,
relies on the existence of “shoppers” who face relatively low (or non-existent) SC,
while in our analysis lower profits are obtained even if all consumers face the same
SC. We consider heterogeneous SC in Appendix B. Garcia (2011) uses a continu-
ous time framework and a particular functional form for consumer utility and also
finds that prices are decreasing in the magnitude of SC. In a commentary, Shin et al.
(2009) analyze two-period model of a symmetric Hotelling competition and also find
that a small SC would decrease prices. Rhodes (2014) extends the analysis to an
infinite horizon setting and finds a closed form solution that confirms the result in
Shin et al. (2009). Somaini and Einav (2013) extend a Hotelling-style model with
switching costs to more than two firms and use their model to analyze the price and
welfare effects of mergers in markets with SC. Pearcy (2014) extends the analysis for
symmetric firms with large SC and forward looking customers.

Several empirical studies have emphasized that switching costs play an important
role in a variety of industries, and have found estimates of switching costs that are
consistent with our assumptions of non-zero but non-infinite sc’ Shy (2002) uses a
homogeneous goods model to approximate SC. In the Israeli mobile phone industry,

SIn this paper, we consider so-called “transactional” switching costs, which are most commonly addressed
in the literature. In this framework, a cost must be paid each time consumers switch products. Nilssen
(1992) contrasts this type of switching costs with “learning” switching costs, where customers may
costlessly switch between products they have already learned how to use.

7Klemperer (1995) argues that SC are likely to play an important role in many areas of economics,
including industrial organization and international trade.
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he finds SC are roughly equal to the cost of a new phone. In the Finnish demand-
deposit banking industry, he finds SC are approximately 10 percent of deposits.
Shcherbakov (2010) estimates SC in the paid TV industry to be $149 for cable sub-
scribers and $238 for satellite subscribers using market level data. These costs are
non-trivial, but are less than the price of a year of satellite or cable television ser-
vice. Keane (1997) employs a series of models with increasingly flexible forms of
unobserved heterogeneity to estimate SC in consumer preferences for ketchup. While
SC remain significant after controlling for unobserved heterogeneity, he finds that
they are quantitatively small—equivalent to roughly 5 cents. Dubé et al. (2010),
use consumer-level data and find that the median consumer exhibits SC in retail
margarine and orange juice industries on the order of 12 % and 21 % of product
prices respectively. Their results, like Keane’s, are robust to highly flexible con-
trols for unobserved heterogeneity and auto-correlation in taste shocks. Ellickson
and Pavlidis (2014) separately estimate SC associated with parent brand and sub-
brand in Yogurt. They find that both SC are significant and that a reduction in the
SC increases prices. In all these cases, consumers have a reasonable probability of
switching, which indicates that the compensating effect may be important. Based on
our numerical simulations, the level of SC found in these studies are well within the
range we might expect to cause price declines relative to the no SC case. While the
above studies take a structural approach, an alternative methodology examines plau-
sibly exogenous changes in switching costs to ascertain their effect. Viard (2007)
uses a difference-in-difference estimation on the impact of number portability in the
800-number service market. Viard argues SC would be very high without number
portability, since firms use their 800-number in marketing campaigns. He finds that
the introduction of number portability (a substantial reduction in SC) caused prices
to fall. Park (2011) considers the impact of number portability in the retail cellu-
lar phone market. Park finds evidence that the introduction of number portability
reduced prices for high-volume consumers—who presumably had high SC—but not
for low-volume consumers who would be likely to have low SC.

The next section presents the model and the abstract result. Section 3, derives the
SC comparative statics when SC are small for various demand specifications. Finally,
we augment the analysis with numerical simulations that confirm the effect for
empirically relevant parametrizations. Section 4 summarizes our results and briefly
discusses implications for policies aimed at reducing SC. All proofs are provided in
Appendix A.

2 A switching—costs model

2.1 The basic model

Time is discrete and infinite, indexed by ¢ € {0, 1, 2, ...}. There are J goods, each
produced by a different firm. We allow for “inside” and “outside” firms. The only
difference between the two is that while all inside firms j announce each period a

price py, j, the outside firms’ price is assumed to be exogenous to the analysis. The
vector of period ¢ prices is p; = (pt1, ..., PrJ) € R”.
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384 G. Arie, P. L. E. Grieco

The demand model generalizes the commonly used Logit and Hotelling models.
Assumption 2.1 provides the formal description. There is a unit mass of consumers,
all of which have the same preferences over products and money up to preference
shocks and switching costs. To capture demand heterogeneity, each period each
consumer receives an i.i.d. (over consumers, goods and time) preference shock. Con-
sumers purchase each period the good that maximizes their utility net of price. As
usual, integrating out these shocks provides a demand function for each good that
depends on the distribution of the shocks. Since the shocks are i.i.d. a consumer that
bought good j in period t may prefer another good in period ¢ + 1. This is the source
of switching in the model.

Each consumer belongs to a specific loyalty group. A consumer can only be loyal
to one good at a time and becomes immediately loyal to the last good purchased.
Consumers in loyalty group j (i.e., who purchased j last period) derive y > 0 more
utility from j than an otherwise identical consumer who is in some other loyalty
group (i.e., did not purchase j last period).® Thus, y is the switching-cost value. For
the consumer, the cost of a good is higher by y if the consumer has to “switch-into”
that good. If y = 0, then there are no SC and preference is unaffected by loyalty.

The unit mass of consumers is thus separated to J segments of size s;; defined by
loyalty to good j. The vector of market shares, s; = (s;1, .. .s;7), identifies the state
of the market. We restrict attention to Markov pricing strategies by the firms (i.e.,
firm strategies depend only on s;).

The key primitive for the analysis will be the induced demand function for good
j at period ¢ within each loyalty group k, denoted D*/*K. That is, D"/ is the share
of consumers that bought good j in period ¢ out of the set of consumers that bought
good k in period r — 1. We drop the period indication from the notation unless more
than a single period is referenced.

The following summarizes the demand assumptions:

Assumption 2.1 Of the customers loyal to good k at the start of the period, the share
that choose good j depends only on the current prices p and the SC parameter y.
This share is given by the demand function D7* (p, ) which satisfies the following:

(1) When switching costs are not present, y = 0, the share of of consumers pur-
chasing good j is the same for all loyalty groups of previous purchasers. That
is, for all price vectors p,

DI (p. 0) = DM (p.0)

This ensures that consumers preferences are only affected by previous pur-
chases only through the switching cost. It also rules out any other sources
of consumer preference heterogeneity that would be correlated with previous
purchasing decisions.’

8Equivalently, one could normalize utility without loss of generality such a consumer in loyalty group j
derives y less utility from all goods except j.
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(2) Demand is smooth in prices, decreasing in own price and increasing in rival
prices:
j’k j’k
dD7"(p,y) <0< dD"(p,y)
pj Opij
(3) An increase in the SC increases (decreases) demand for a good from it’s loyal
(switching) customers:
JJ Jk#j
DM (py) . 9D (P, v)
ay - ay
Note that because D7/ represents the share of consumers repurchasing, this
inequality is intuitive whether the direct effect of y is to increase the benefit
of the re-purchasing j (habit formation) or to decrease the utility of having to
switch to another product (switching cost).

The two demand specifications that are most common to studies of SC are
“logit with SC” (e.g., Dubé et al. 2009; Pearcy 2014) and “Hotelling with SC”
(e.g., Rhodes 2014). Both satisfy all of our assumptions. Section 3 considers
the logit model in detail. Appendix C provides similar qualitative results this
for the Salop (1979) circular city model that generalizes the Hotelling (1929)
model.

Assumption 2.1 reflects three economic assumptions. First, it implies that con-
sumers are myopic: demand does not depend on any future expectations on prices.
We make this assumption for tractability reasons, as introducing forward looking
consumers make demand dependent on consumer’s price expectations, which would
need to be determined in equilibrium. Second, we assume that demand changes
smoothly in prices and switching costs. This rules out out Bertrand-trap pricing
behavior. Finally we assume that other sources of consumer heterogeneity aside from
switching costs are idiosyncratic over time. This allows us to compute shares for
each group without explicitly tracking the distribution of tastes within a group into
account, as they do not depend on previous purchases. In a more general model with
time persistent consumer heterogeneity, consumers with a persistent preference for
a good would be over-represented in that good’s loyalty group even when switch-
ing costs were very small. It is natural to expect that consumers that choose product
Jj do so in part because of some persistent preference to product j’s characteristics.
We consider this extension in Appendix B. To the extent that time-persistent sources
of consumer heterogeneity decrease the competitiveness of the market, it strengthens
the harvesting effect of SC and weakens both the compensating and investing effects.

We now turn to the firms’ pricing game. Total demand for a firm is the aggregate
of group specific demands,

J

DI(s,p,y) =Y stD*(p,y) 2.1
k=1

9n particular, this rules out network effects.
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The state variable for this model is the vector of market shares. The law of motion
is simple: Firm j’s total demand in period ¢ is also the measure of consumers that
will be loyal to firm j at the start of the next period:'?

Sev1.j = DI (st, pryy) (2.2)

Each firm maximizes profits over an infinite horizon given a common discount
factor, 8. We assume that the firms have identical marginal costs normalized to
zero.!! The present discounted value of firm j’s future profits given the pricing
strategies p are

o
;=Y B'pjDI(st. pi.v)
t=0
Subject to the law of motion specified in Eq. 2.2. The following assumption on

the equilibrium outcome without SC is technical and shared by virtually all relevant
demand models. It ensures that the comparative static of introducing SC is well-
defined.

Assumption 2.2 If there are no SC (y = 0), the period profit function, p; D(p, s),
is quasi-concave in p; and strictly positive for all firms. The game wheny = 8 =0
has a unique equilibrium.

If B > 0, the firms play a dynamic game. When SC are absent (y = 0), the
game is a standard repeated game and the folk theorem applies.!?> Adding SC does
not alter the possibility of collusion. The multiplicity of equilibria makes it difficult
to analyze the impact of SC. We focus only on the “competitive” Markov Perfect
Equilibrium. When SC are zero, there is no future value to gaining market share, and
the most competitive equilibrium is simply to price to maximize stage game profits in
every period. Assumption 2.2 ensures that this “competitive” equilibrium is unique.
Under this scenario, the firms name the same prices in each period regardless of last
period market share, and it is clear that this equilibrium strategy will converge to a
steady state. We analyze the effect of SC by perturbing this competitive equilibrium
to characterize the change in steady state prices, profits, and share with due to the
addition of SC.

2.2 Two fundamental equations

This section establishes the economic forces that determine the comparative static
effects of small SC on profits and prices.

101t is also possible to analyze alternative laws of motion that might allow for the introduction of new
consumers, or experimentation by consumers who might try a new good, but remain loyal to their ear-
lier purchase with some positive probability. Both of these extensions have the effect of reducing firms’
investment incentive, but do not change the qualitative results of our model.

"' This normalization is for convenience and the model can be easily generalized to accommodate firm-
specific marginal costs.

12Moreover, there is no reason to believe that restricting ourselves to stationary strategies will ensure a
unique equilibrium as firms may detect defections from market shares.
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By the Principle of Optimality, the firm’s problem around the steady state can be
represented as the solution to the following Bellman equation for firm j, where V/ ()
is a stationary function of the current state s and D (-) is the vector of the resulting
demand for all firms.

V(s y) =max p; - D/(s, p.y) + BV!(D(s. p.v): v) (2.3)

We wish to characterize the behavior of the firm in a steady state and derive com-
parative statics with respect to the introduction of SC. The definition of a steady state
is standard—all firms optimally set prices and consumer purchasing behavior is such
that the states (i.e., the firms’ market shares) are constant over time. Note that while
shares are constant, many consumers may be switching goods between periods.

We first consider the impact of an introduction in switching costs on firm values.
The effect relies on partial effects of prices, shares and the SC themselves on demand
at the steady state without SC. These are all well defined via Assumption 2.2. While
these are abstract at this point, they are all well known for any demand specification.
The proof is provided in the Appendix A.

Lemma 2.1 The derivative of firm j’s steady-state value with respect to SC is given
by
av/ pt ) dp* ;
= o) on) | @4)
dy 1=p |7 = \dy

where p* represents the vector of steady state prices for the equilibrium wheny = 0.

Lemma 2.1 identifies the two forces determining the qualitative effect of SC on
firm profits. Simply put, SC are good for the firm if they increase demand for the
firm, and bad if they decrease it. There are two channels for SC to affect demand.
First, holding prices fixed, SC increases demand by loyals and decreases demand by
non-loyals. The second, indirect effect is the competition effect—if SC cause rivals
to reduce prices, this will affect demand as well. As we will show below, in markets
with no significantly dominant firm,'? both effects will be negative with small SC,
leading to the conclusion that SC hurt competitive firms.

As all policy functions and state transitions are smooth, the first order condition
for V/ with respect to p; is

) (2.5)
dej dpj

F/ =D/ +p;D}. + B
Dk’?j is the derivative of the firm’s demand w.r.t. it’s price and V), is the gradient of
the change in demand for all firms resulting from the firm’s price change. The first
order condition has no closed form solution in general, and is difficult to characterize
due to the effect of changes in switching costs on firms implicitly defined continua-
tion values. To make progress, we will focus on the effect of small SC—in particular,

13The propositions below formalize dominance using bounds on market shares and HHL
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the effect of an increase in SC from zero. This case makes it possible to characterize
the continuation value term. To simplify the notation, we let D{,.’i denote the change
in firm j’s demand among loyals to good i due to the change in SC, holding all
else fixed, and let D{; denote the total change for firm j aggregating over all loyalty

markets:
J — Jk
Dy, —-ZZZSkl)y :
kel

For any specific demand function, D3, can be derived directly at y = 0, as we
show for the demand specifications considered in the following section.

The equilibrium price effect of the introduction of SC relies on the first order effect
of SC on each firm’s price, as well as the interaction effect between the firm’s prices.
Our strategy for the general analysis is to focus instead on sufficient conditions for
which the price effect can be signed (either negative or positive).!* For this, it is
sufficient to consider SC effect on each firm’s first-order condition (2.5), which we
refer to as F. ]f The next lemma identifies the formal price effect of the introduction of
small switching costs. As before, the effect is characterized by equilibrium outcomes
from the no switching cost steady state. While these are abstract at this point, they
can be derived for any given demand specification. Thus, Lemma 2.2 can be applied
directly in many cases, as is done in the remaining sections.

Lemma 2.2 The derivative of firm j’s steady state price with respect to SCaty =0
has the same sign as F;, given by:

. . . . dp*

J —_ nJ * N/ ® Jj.k | pk k., .

Flg=Dj 40 Dby 05 S (D 0 )+ 0 (o) o
keJ k#j

Where all xjx > 0 and p* represent the vector of steady state prices for the equi-

librium when y = 0. Moreover, long run incentives—i.e., Zke] (Djﬁ’k . Dﬁj)—are

always negative.

Equation 2.6 is obtained by manipulating the full derivative of F/ with respect to
y at y = 0, holding p; fixed.

The first two terms of F’ y’ _o are simple derivatives reflecting the static incentives of
switching costs. D{,. is the direct effect of SC on demand holding prices fixed through
greater consumer inertia. It is a mixture of the “harvesting” effect for loyal consumers
(D{,.’j > () and the “compensating” effect for switching consumers (D{;’k#j <0).If
harvesting dominates, the firm’s optimal response is to raise prices. However, if most

marginal consumers are switchers, SC will depress demand for the firm’s good and
the firm will have a short term incentive to decrease prices to compensate. The second

term, p}‘ . D;’, ;- 1s a second order effect capturing the change in price sensitivity.

14The exact price effect is derived for a monopolist in Section 3.4.
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Prices increase (resp. decrease) if consumers are less (resp. more) price sensitive with
higher SC.1

The third term captures the investing effect. When SC increase, j’s next period
demand increases for customers that bought j’s good today and decreases for all
other customers. The total future profit effect is p 3 kD Multlplylng by the price
sensitivity obtains the first order investing effect on the optimal price. As expected,
the proposition confirms the results obtained in previous related literature — long term
(investing) considerations related to SC always decrease prices.

Finally, each element in the last term accounts for j’s price reaction to any of it’s
rivals’ price reaction to the SC. The rival price reaction Zp includes both short and
long term considerations and in general could be positive or negative. The firm’s price
reaction to the rival’s reaction ( X, k) is evaluated at the no-SC equilibrium and so is

positive by strategic complementarity. Therefore, if we find that F, ,f has the same sign
for all firms given x jx = 0, then this is also the sign for the true value of xx > 0.
Lemmas 2.1 and 2.2 identify the two fundamental equations that determine the
effect of small switching costs on prices and profits. These equations show that the
effect can be determined by the steady state price and shares wzthout SC and the

partial derivatives of demand at no SC: D , Dk ,D 1]7 jy»and D’ . By continuity, the

signs of F. ;f:o and V;=o determine the effect of a small SC on firm profits and prices.
The next section applies these general results to analyze the economic forces that
determine the effects of SC on prices and profits.

3 Determining the effect of small switching costs

The previous section provided general results that do not depend on the specific
demand structure. To identify the specific determinants for the effect of SC, some
structure must be imposed. This section applies the abstract analysis to a quasi-linear
discrete choice random utility demand system, and also makes use of its special case,
the logit demand model, which is widely used in theoretical and empirical work.'®
We find that under the logit model, a firms’ short run price incentive to raise or lower
prices is closely related to its share relative to the Herfindahl index. We also consider
the implications of firm symmetry, which is commonly used for tractability in the-
oretical analysis. Finally, we introduce an outside good into the model. This in turn
enables us to analyze the effect of switching costs on a monopolist. One point that
comes out of the analysis is that the important intuitions are gleaned from the firm’s
first-order reaction to the change in SC—the first three terms of Eq. 2.6—rather than
any reaction to the rival’s first-order reaction—the last term of Eq. 2.6.

The logit demand system is a special case of a discrete-choice random utility
model. In a random utility model, consumers have heterogeneous utilities and pur-
chase one unit of the product that maximizes their utility. In our setting, the utility

15Note that consumers in group x are less price sensitive if DZV > 0.
16Similar results for the Salop demand system are provided in Appendix C.
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of person i, for purchasing good j when she purchased k last period (and hence is
‘loyal’ to k) in time ¢ is,

uijk =ujr(pje, V) + € jks- 3.D

Where €;ji; is the iid preference shock that induces preference heterogeneity
among consumers. We will assume that utility is quasi-linear in price and SC, that is,

ujk(pje.y) =38j +apj —yl[j #k]. (3.2)

Proposition 3.1 in Section 3.2 will be provided for the general quasi-linear utility
case. However, the logit demand system, which is defined by assuming that ¢; , fol-
lows the type-1 extreme value distribution, allows for stronger results. Logit demand
has been popular in recent empirical and theoretical investigations of SC—e.g. Dube
et al. (2009) and Pearcy (2014). As is well known, the logit demand model is espe-
cially convenient because it gives rise to a a closed form expression for group-level
demand: )

ek
Zl eJ ek’

which makes it possible to derive precise results. It will be useful to recall the
Herfindahl index when y = 0 as a measure of industry concentration, defined as:

DIkt = (3.3)

J
_ 2
H=) s}
j=l1
The next lemma identifies the main quantities used in the general Lemmas 2.1 and
2.2 for logit demand:

Lemma 3.1 With logit demand, at y = O:

s2

. dp;

F] = 1 7 ((sj—H)—-B-(1+H—2s))) + Z ( dpk x(i"> (3.5)
— 5 oy 14

Where all x i > 0.

Again, y j incorporates all the effects resulting from any change in a firm &’s price
on j’s incentives, which, by strategic complementarity, is weakly positive. As alluded
to in Section 2.2, the demand specification replaces the general terms in Lemmas
2.1 and 2.2 with the steady state prices and shares without SC. The next subsections
identify the various economic considerations that determine the effect of SC: long
vs short-term firm reaction, symmetric vs. asymmetric firms and the existence and
strength of an outside good.

3.1 Myopic firms

The first term of Eq. 3.5 identifies the determinants of a myopic firm’s reaction to
a change in the SC. This reaction is based on the effect the SC has on the marginal
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consumers’ willingness-to-pay (WTP) for the firm’s product. Every marginal con-
sumer for firm j is choosing between product j and some other product j/ (which
may be an outside good). If more marginal consumers making this choice start the
period loyal to firm j, then SC shift demand up for firm j for this segment, and allow
the firm to increase prices. If more marginal consumers start the period loyal to the
firm’s rivals, SC shift demand down for firm j and the firm would decrease prices.

Equation 3.5 shows that in the logit model, the correct way to aggregate the
myopic effect for a firm over all of it’s rivals is to compare the firm’s market share
against the Herfindahl index. Moreover, as the long term consideration is always to
decrease price (Lemma 2.2), the following is obtained:

Corollary 3.1 In the logit model:

(1) Ifafirm’s share is lower than the Herfindahl, its reaction to an increase in SC
is to decrease price.

(2) A firm’s short term (myopic) reaction to an increase in SC is to increase price
if and only if the firm’s share is higher than the Herfindahl index.

3.2 Symmetric vs. asymmetric firms

A common starting point for analysis of SC is the case that all firms are identical
and there is no outside good. (see e.g. Rhodes (2014) and Pearcy (2014) for two
recent examples). Introducing a small SC does not change the symmetry in the steady
state. Building on the intuition from the previous subsection, the share of each firm’s
marginal consumers for which demand shifts down exactly equals the share of those
for which demand shifts up. In addition, any decreased price sensitivity by loyal
customers is matched by an equal increase in price sensitivity by potential switchers.
For logit demand, the implication is that short term considerations have no effect on
the firm’s reaction. Formally, the first term in Eq. 3.5 cancels: s; — H = 0.

This intuition does not depend on the specific features of the logit demand and can
be extended to any quasi-linear random utility model (i.e. for any distribution of €; i,
in Eq. 3.1 when Eq. 3.2 holds).!”

While the short term considerations cancel in the symmetric quasi-linear setting,
long term incentives decrease prices. This would be exacerbated by strategic price
reaction—each firm would decrease prices a bit more. As each firm sells the same
amount, just for a lower price, firm profits decrease. Therefore, in symmetric markets
SC will decrease both prices and profits.

Proposition 3.1 In a random utility model with quasi-linear utility, if firms are
symmetric (8; = §), then:

(1) If firms are myopic (B = 0), small SC have no effect on prices and profits.

17For other demand structures, the interaction between SC and price sensitivity may not cancel when firms
are symmetric. For example, switchers may become more price sensitive while the price sensitivity of
loyals may not change—e.g., add a term —y, p;;1[j # k] to it in Eq. 3.2.
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(2) If firms are forward looking (B > 0), prices and profits decrease from a small
SC for all firms.

Proposition 3.1 confirms that a small SC will change the steady state for the worse
(from the firms’ perspective) in a symmetric market as long as firms are forward
looking.'®

It may be of interest to consider the effect of a small SC on a symmetric industry
that starts out of steady state. That is, all firms are equal without SC, but some firms
are endowed with a larger market share than others. Equation 3.5 can then be used
to determine the price effect of SC on each firm until the steady state is reached.
Initially, firms with a higher than average share would set a higher price while firms
with a lower share would set a lower price. Eventually, the market would reach the
steady state and all prices will be equal.

A related question is whether the price (and thus profit) effects in the symmetric
situation are affected by the number of firms in the market.!® As the number of firms
increases, the likelihood that a firm’s marginal consumer in this period would also
be marginal in the next period decreases. This decreases the returns to investing in
loyal consumers. However, the increase in products may also affect consumer price
sensitivity in equilibrium. If consumers are more price sensitive, the return on invest-
ment increases. In the logit model, the increase in the number of firms decreases
price sensitivity and therefore the two effects agree. This allows us to sign the overall
effect:

Proposition 3.2 In a symmetric logit demand model with SC, if firms are forward
looking (B > 0), the effect of SC on prices strictly decreases in absolute terms when
a firm is added to the market. The result applies to all quasi-linear random utility
models in which equilibrium price sensitivity ( Df,j ) weakly decreases in absolute
terms when a firm is added to the market.

Proposition 3.2 implies that as the number of firms increases in the market, the
effect of an increase in SC is less pronounced.

Finally, the fully symmetric case has a knife-edge quality since the short-term
effect is exactly zero. Our model allows us to easily consider alternatives once a
demand structure is specified. Consider markets in which there is one leader and the
other firms are symmetric. In this case, if the market leader is worse off or reduces
prices from a small SC then all firms have the same qualitative effect. As competition
is in strategic complements, a sufficient condition for all the firms to decrease (or
increase) prices is that all firms would decrease (or increase) prices holding their rival
price fixed. Moreover, as the goods are substitutes, profits for each firm increase in
rival prices. Thus, a sufficient condition for low SC to depress prices and profits is
that this outcome is obtained for the leader, holding rival prices fixed.

8While the proof relies on the quasi-linearity of utility, Appendix C provides a similar result for linear
models.
19We thank a referee for suggesting this.
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Proposition 3.3 Suppose that in the logit demand model, J > 2, firm 1 has share
sp > } and all other firms have equal shares sj~1 = ]J:SII . A sufficient condition for
all prices to decrease with SC is,

1+ JB

51 < I+ Ip (3.6)

Proposition 3.3 identifies both the short term and total effects of a small SC with
one market leading firm. The market leader can “harvest” from SC as most of its
marginal consumers would avoid the switching cost by choosing it again. The exact
opposite is true for all other firms, who must compensate their marginal consumer.
However, if the market leader is forward looking, the investment effect drives even
the market leader to reduce prices as long as it’s leadership isn’t too strong. Note that
the upper bound in Proposition 3.3 decreases with J and is always at least P 20
Thus, if firms are sufficiently patient (8 — 1) if a market leader’s share is less than
half, prices will decrease. Moreover, in a duopoly (J = 2), a market leader reduces
prices whenever its share absent SC is less than .75.

3.3 The role of an outside good

The firm’s reactions for an increase in SC remain qualitatively the same when the
market is not fully covered or an outside good exists (i.e., when not all consumers
purchase from some firm, so firm shares need not sum to 1). Because the price reac-
tion for each firm is determined by considering demand at zero SC, for the purpose
of the analysis, the outside good is simply like another rival with the simplification
that it’s price is not set strategically.?!

The primary difference between an outside option and a regular “inside” firm is
that the outside option’s price is not set strategically. Our analysis highlights the fact
that this has no first order effect. Thus, understanding the SC effects for a single firm
facing an outside good is qualitatively the same as understanding the SC effects for
a firm in a fully covered duopoly.??

In a market with symmetric firms and an outside good, the short-term effect of
an increase in SC therefore depends only on the strength of the firms in the industry
relative to the outside option. If the share of customers choosing the outside good
is smaller than the share of each firm, then all the firms in the industry will see an
increase in demand following an increase in SC, holding prices fixed. Because each
firm has more loyal customers than the outside option does, there are more marginal
consumers that SC sways to stay with the firm over switching to the outside option

201t can be shown that with n symmetric market leaders, the same upper bound applies as J — oo

2I'We focus on the case in which the SC also applies when switching to/from the outside good. Our base
case is reasonable for many industries. For example, switching across cable TV, satellite, IP-TV and out-
side “broadcast” television requires learning the channel layout, acquiring and installing the necessary
equipment, and ordering or canceling the relevant services even when switching to or from broadcast. We
briefly discuss the alternative where switching to the outside good does not incur SC at the end of this
section.

22This is illustrated and discussed further using the numerical example in Fig. 1.
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than there are marginal consumers that choose to stay with the outside good over
switching to the firm. Thus, if the outside option is weaker than any of the firms,
the short term effect of an increase in SC is higher prices and higher profits. If the
outside option is stronger, the short term effect is reversed, following the exact same
line of reasoning. The long term effect, however, still decreases prices and potentially
profits, as in the case without an outside good.

Proposition 3.4 In the logit model, if all firms are symmetric, 61 = 6, = --- =1,
and an outside good has a share sy, then:

(1) Prices and profits increase with a small SC if firms are myopic (8 = 0) and
Sy < 7

(2) Prices decrease from a small SC whenever sj > } or B > 0.077

We note that the introduction of a small outside good reversed the result obtained
for myopic and symmetric firms, reinforcing the intuition that the symmetric analysis
relies in part on a knife-edge relationship.

The above analysis assumes SC apply symmetrically to inside and outside goods.
An alternative variation to consider is when SC do not affect consumers switching
out of the outside good J. This is ‘good news’ for all the inside firms, and ‘bad news’
for the outside firm. In particular, for all j < J, D)], increases by exactly sy - s/
compared to our baseline case. However, the investing effect is weaker now, as firms
do not have as large a dynamic incentive to entice consumers away from the outside
good (D')’,’J = 0). Formally, all the components of Eq. 2.6 that deal with the outside
good become zero. Both of these effects increase prices and profits. Therefore, with
symmetric firms, higher SC may in this setting be profitable for the firms.

3.4 Single firm and an outside good

An important underlying theme of the analysis is that the rivals’ price reaction is only
of second order when understanding the effects of a small SC. However, analyzing
multiple firms complicates the analysis and obtaining clear results requires stronger
demand assumptions.

Figure 1 strengthens this intuition and the relevance of small SC analysis. The
figure presents the logit model steady-state profits, shares, prices and consumer sur-
plus?? for two settings — a duopoly and a monopoly. In each case, the inside firms’

23Consumer surplus is calculated using compensating variation (CV). In the single firm model this is:
1 3 S1+a-p—
CV =—(log(e® + " T*P77) —5).
o

For high switching-cost values, this method is actually a generous calculation as it assumes that all con-
sumers can stay with the outside good “for free.” The main alternative, expenditure variation, (EV) would
actually be negative for higher SC as loyal consumers are paying a very high price to keep themselves
from switching.
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Fig. 1 Overall effect of switching costs in the MPE with the monopoly outcomes for reference. Each
panel presents a different measure — prices, profits and shares. The thick solid line is the symmetric MPE
(61 = 82 = 1, 8o = 0). The thick dashed line is the value under a monopoly for the same parameters
(82 = —o0). In all cases, B = 0.95, « = —1 and marginal cost is zero

quality is 6; = 1 and there is also an outside good (j = 0).2* We set the income
effect at « = —1, firms’ discount factor at 8 = .95, and the outside good quality ¢
at cost (69 = 0).

The similarities between the effects of SC for a duopoly and monopoly is striking.
The distance between the monopoly and duopoly price and profits (the dashed and
solid lines) remain steady for all values of the SC parameter (fromy = Oto y = 2).%

This section leverages this insight and analyzes a monopolist’s reaction to switch-
ing costs in the absence of strategic interaction. This allows us to derive strong results

24 Other symmetric specifications do not add qualitative insight. Specifically, in a symmetric duopoly, no
firm can dominate the market regardless of 8. Thus, increasing §; and &, provides no additional insight
and is not presented

25We use value function iteration to approximate symmetric MPEs. The Mathematica software code is
available from the authors. Our simulation used a 361 point grid for the state (share) space and process
stops when the change in the value over all states is smaller than a threshold, which was set at 107°. We
verify that the optimal policy is unique by verifying that the best response function is quasi-concave and
use the optimal pricing strategy to “play out” the equilibrium strategies starting at various states until a
steady state is obtained. A unique steady state was obtained for all parameter values that we consider. For
higher SC values, we do not expect a steady state exists as firms profit from ’invest then harvest’ cycles
that take advantage of consumer myopia. Indeed, our equilibrium for high SC (roughly y > 2.7) did not
converge to a steady state.
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and shows that the effect of switching costs may lead to price declines even when
price competition is not present (i.e. a single firm with an outside good).

We maintain the assumption that demand can be derived from a quasi-linear ran-
dom utility model. Since there is only one firm and an outside good the period utility
for consumer i from purchasing the firm’s good can be described as,?

uip=8—a-p—y-1 [i not loyal to the firm] — €is.

Consumer heterogeneity is captured by ¢;, which is distributed i.i.d. across con-
sumers and time, according to some predefined distribution function ®. The firm’s
demand is then,?’

D'=s1 - @@ —a-p+y)+1—s) - ®@E—a-p—y)

In addition, the following assumption requires that at zero switching costs, the
short term effect of SC for the firm considering only loyal consumers is to increase
price. The requirement is only for the loyal consumers and captures the substance
of SC — an increase in demand by loyal consumers. Therefore, it is a very weak and
natural assumption. To the best of our knowledge, it holds in all models of SC:28

Assumption 3.1 For a monopolist facing an outside good, at y = 0, D)l,’] + p1-
Dyp, = 0.

The effect of introducing SC on a firm’s value and steady state prices is sum-
marized in the following proposition. Recall that p| and s are the firm’s price and
market share in the steady state without SC. All subscripts denote partial derivatives
taken using prices and shares at the steady state without SC. °

Proposition 3.5 For a monopolist facing an outside good:

dv'  p1(@2si—1)

= D1 3.7
dy =0 1-p 14 3.7)

Fl o= Qs —1) (D;‘ + p]D,l,’]]y> —2Bs, - D! (3.8)

Thus:

26For expositional simplicity, we subtract € in this section rather than add it as in Eq. 3.1. This is without
loss of generality.

2TTo see this note that consumers purchase the firm’s product if it offers the higher utility, that is the loyal
consumer’s purchase if § —« - p —€; > —y and non-loyal consumers purchase if § —o- p —y —¢; > 0.
Integrating these expressions over ¢; leads to the demand equation.

28Under the quasi-linear model, the assumption is equivalent to log concavity in ®@, i.e., (®')% > & - @,

29 An older version of the paper derived the exact value for ’Zpy' :

dpr F}}
dy =0 2D11J1 +pr- DIIJIPI

However, this does not provide any additional insights; the proof is available from the authors. Note that
the denominator must be negative by the standard second order condition.
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(1) A small SC increases profits for a monopolist iff the monopolist share of the
market is at least .5.

(2) For any discount factor a small SC causes a monopolist to decrease its price if
its share is lower than .5.

(3) For any discount factor a small SC causes a monopolist to increase its price if

in the equilibrium without SC: 2s1 - p; D},’lly > DJ]/’1 + p1 D},’lly.

Comparing Propositions 3.5 and 3.1 illustrates the connection between the single-
firm and multiple-firm analysis. For small switching costs, the impact of SC is closely
tied to the firm’s market share relative to its rivals. In the single-firm case, the rival’s
share is simply all the remaining share.

The first part shows that switching costs are beneficial to firms who dominate the
no-SC market, essentially high quality firms. This is because higher SC increases
inertia, which helps large firms but hinders small firms.

Part 2 establishes that firms with low market shares will respond to SC by decreas-
ing prices. The sign of the first element of F}} depends, as in part 1, only on whether
the firm’s share is larger than half. The second, investing element is negative, but it’s
magnitude depends on the discount factor.

The importance of the compensating effect is illustrated when firms are myopic
(i.e., B = 0). In this case, the investing effect necessarily disappears, since it is
motivated by the possibility of future profits. However, the introduction of SC will
still cause a decline in steady state prices if the firm’s share without SC is less than
half. This highlights the importance of the compensating effect as an independent
countervailing force to the well-known harvesting effect.

We stress that the price decrease is not caused by any competitor’s actions. It
is simply because the marginal consumer is likely switching and thus should be
compensated.

Equation 3.8 also shows that the SC makes a more patient firm price lower. This
is the investment effect. Raising § affects only the investing incentive of SC, which
drives prices unambiguously downward. Combining these two points implies that if a
firm is patient, it will never raise prices upon the introduction of switching costs if its
market share is less than one half. On the other hand, if a fully patient firm (8 ~ 1)
would increase prices, so would a less patient firm.

The intuition for these results is straightforward. If a good has a low value, it will
be purchased in any given period by a minority of customers, even absent SC. As
the preference to purchase the good is not persistent over time, most consumers that
purchase in any given period would not have bought it in the previous period. The
introduction of a small SC does not change this “demographic”. In every period,
most of the firm’s buyers are switchers. As a result, SC act like a tax on the marginal
consumer and profits and prices are reduced. If the monopolist’s initial value proposi-
tion to consumers is high, most of the monopolist’s consumers are loyal. An increase
in SC makes these loyal customers more likely to buy due to the extra utility from
making a repeat purchase. The effect of SC for the monopoly now mimics a subsidy
rather than a tax and the monopolist’s profits increase.

Applying the analysis to the logit demand used in the previous section:
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Price Change at Zero Switching Costs, by Share
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Fig. 2 Derivative of steady-state prices with respect to y at y = 0 for the single firm logit demand
model with « = —1 and myopic consumers. The x-axis is the firm’s market share without switching costs
(s0). The change in market share in the top panel is a reflection only of changing §; — §p.The myopic
curve assumes B = 0 and displays the interaction between the consumer-flow effect and the harvesting
effect when there is no investing effect. The patient curve is the same model with 8 = 0.95; the difference
between the two is the effect of the dynamic marginal value of loyal market share — the investing effect

Proposition 3.6 For a single firm facing logit demand, the introduction of a small
SC changes profits by
dv' _ presi-(I=s)-@si =1
dy =0 1-8 ’

L . 1428
The firm’s price increases iff s1 > 212"

(3.9)

Proposition 3.6 makes explicit the abstract intuitions of the general analysis in
this section — SC are valuable for a strong firm. Figure 2 illustrates the proposition’s
implications. The figure plots the derivative of the steady-state price with respect to
SC at zero SC for a myopic (8 = 0) and forward-looking firm (8 = 0.95) while
varying the product quality, §; — §p. The horizontal axis identifies the quality dif-
ference between the firm’s good and the outside good, using the optimal firm shares
with zero SC.3° The myopic curve illustrates the balance between the harvesting and
compensating effects. The former dominating when the firm share is high and the
latter when it is low.

For a myopic firm, the impact of SC on prices turns from positive to negative when
the firm has a 0.5 share — precisely when the compensating and harvesting incentives

30We use steady-state non-SC market shares as a convenient proxy for the underlying firm quality
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"Consumer Loyalty and the Price Effect of Switching Costs"
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Fig. 3 Panel A shows the market segmentation as a function of switching costs. The proportion of con-
sumers in each period who make repeat purchases is plotted for the different values of switching costs. As
switching costs grow, consumers sort themselves by loyalty group and demand for the product becomes
inelastic, with customers likely to buy the good they are loyal to. Panel B shows the relation between
market segmentation and the effect of switching costs on prices. The difference in steady-state prices as
switching costs increase is plotted as a function of the share of consumers who make repeat purchases in
the steady state. Both plots compare the effect for the low-quality monopoly (8; = 1, solid line) and high-
quality monopoly (8; = 3, dashed line). Note that the curves nearly merge when a repeat purchase is very
likely. While in both cases the firm’s steady state price increases with SC only when a repeat purchase is
almost guaranteed, the strong monopolist requires a larger share of repeat purchases. Parametrizations for
this plot are« = —1, 80 =0, § = 0.95

are perfectly offset. The difference between the curves illustrates the investing effect.
As an optimal market share of 0.7 without SC is extreme within the logit demand
model,?! the model predicts that prices are likely to decrease in response to small SC
whenever the firm is as patient as is typically assumed (i.e. 8 € (0.9, 1)).

The effect of SC on prices is U-shaped with respect to quality (or share). For low
quality firms, an increase in quality increases demand elasticity. This increases the
magnitude of both the compensating and investing effects. If quality continues to
increase, the firm’s product is chosen by a larger share of the consumers and even-
tually demand becomes inelastic — most consumers are infra-marginal. At this point
the firm’s short term incentive is to harvest. Moreover, as the mass of marginal con-
sumers is very small, the investing effect is weak. This is the state of affairs that most
resembles a model of switching costs where consumers become fully ‘locked-in” and
are unwilling to switch to other products (e.g., Beggs and Klemperer 1992).

Figure 3 illustrates this relationship between SC, the likelihood of repeat purchase
(sometimes referred to as the churn rate) and prices. Panel A of the figure shows
that for high SC, the proportion of repeat purchasers increases as loyal consumers
are “locked in”. As SC rise, fewer customers switch and demand for each product

311n a logit setting this requires a quality difference of five, which is over three standard deviations above
the mean in the idiosyncratic term. In other words, if the firm would sell at the outside good price, it would
have a share of over 0.95.
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becomes inelastic. This sorting tends to encourage an increase in price as harvesting
comes to dominate compensating: It becomes very hard to attract new customers with
discounts, while loyal customers are less likely to leave due to prices increases. When
SC are not very high, the dynamic effect encourages investing in shares through lower
prices, partially offsetting the growing impact of the harvesting effect. As the market
becomes more segmented, the incentive to “harvest” grows while the incentive to
attract non-loyal customers (i.e., invest in share) diminishes. Eventually, firms begin
to raise prices when facing high SC. As panel B shows, the monopolist’s steady-state
price increases with an increase in SC only if the SC effectively segmented the market
based on customer loyalty. Steady-state prices and shares behave very similarly to the
monopoly case, but competition shifts prices and profits down. This suggests that the
effect of SC on market outcomes depends primarily on the existence of an alternative
product with similar SC regardless of whether that alternative product adjusts prices
strategically. Overall, the message of this figure is that the marginal effects of SC
identified in the single-firm analysis carry to multi-firm analysis.

Lastly, Fig. 4 illustrates the effect of market power by comparing a ‘moderate’
monopoly (the full line, §; = 1) with a ‘powerful’ monopoly (the dotted line,
81 = 3). As in the previous figures, the outside good’s value is equal to the cost

"Monopoly Steady State =1 and 6=3"
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Fig. 4 Steady-state outcomes for a monopolist with respect to switching costs in the logit model. The

dashed line represents the high-quality monopoly (§; = 3). The full line represents the low-quality
monopoly (§; = 1). The switching-costs value (y) varies on the x-axis from zero to two. The other
parameters are: §o = 0, = —1, 8 = 0.95
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(80 = ¢ = 0).3? The figure shows that effect of moderate SC on steady-state profits
is consistent with the analytic results for low SC. The strong firm’s profits increase
while the weaker firm’s profits decrease. As SC increase, the effect on profits seems
to level off. As long as the dominating static effect is the compensation effect (i.e.
the “normal” monopolist), the firm’s profits are highest without SC. This example
also illustrates that the strong firm gains from the introduction of SC even though it’s
optimal reaction is to charge lower prices.

4 Conclusion

SC are an important part of many markets. In this paper we have shown that if firms
cannot price discriminate between loyal and non-loyal consumers, firm behavior is
shaped by three forces: (1) harvesting surplus from loyal customers who must pay SC
to purchase other goods, (2) compensating non-loyal consumers to convince them to
switch, and (3) investing in share in order to increase the number of loyal consumers
in future periods. The first two effects are due to present-day incentives while the
final one is due to the incentive to generate future profits. The impact of SC has fre-
quently been described as pitting a short term incentive to raise prices against a long
term incentive to maintain a high share (i.e., harvesting versus investing). However,
we have shown that in many cases the compensating effect is substantial. Indeed, it
may overwhelm the harvesting effect such that the overall short term incentives are
to decrease prices, without even considering the investment incentive.

Of the three forces related to SC, only one—harvesting—is anti-competitive. SC
are anti-competitive if the market is segmented so that harvesting dominates firms’
short term incentives. Segmentation can arise from very high SC or because of rea-
sons that are independent of SC such as substantial quality differences between firms
(considered explicitly in the current model), network externalities or persistent con-
sumer preferences. In either case, such frictions increase the fraction of consumers
that are, to a varying extent, “locked-in” to their previous purchases.

While analytic results can only be obtained for small SC, the economic intuitions
persisted in numerical experiments for large SC that cause 80 percent of consumers
to be repeat purchasers. The empirical evidence cited at the introduction suggests that
this is the relevant range for SC in many markets. Hence the compensating effect we
highlight, which is masked by assumptions such as price-discrimination or infinite
SC, is likely have a significant impact in a number of retail industries.

An important conclusion for policy and empirical work is that changes in prices
or shares as a result of SC may not be a valid proxy for changes in welfare or profits.
Even if consumers pay lower prices with SC, they suffer welfare loses directly due
to paying the switching cost and indirectly because they may consume a lower-utility

32We have experimented with alternative specifications and found the results to be robust and indicative of
the key insights. The upper bound of y = 2 reflects the upper bound for the steady state to exist. Analysis
available from the authors shows that the true upper bound is slightly above y = 2 and decreases with §.
Reducing § (i.e. making the market more competitive) allows increasing y
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product to avoid paying the switching cost. The examples show that the introduction
of SC may cause declines in prices, profits and consumer welfare. In other words,
one should not assume that a program to reduce SC is a failure simply because it does
not cause price declines.

Appendix A Proofs
A.1. Proof of Lemma 2.1

The derivative of firm j’s steady-state value with respect to SC is given by
av/ pt ) dp* ;
R LA R
1 o \dy
where p* represents the vector of steady state prices for the equilibrium when y = 0.

Proof For dd‘;j : by construction, in any steady state equilibrium

VAizijj
1-p

Apply the envelope theorem (flg: = O) to get

dvi _ p; dD’
dy —1-pgdy

D/ =3%"sDM,
i

dD/ dDJ . ioodpi
:Zsi :SjD)]/’j—i-Z(S,’D)j/’l—i- Dpi
dy —  dy vy dy

Using

Which simplifies to the desired result.
A.2. Proof of Lemma 2.2

The derivative of firm j’s steady state price with respect to SC at y = 0 has the same
sign as F, given by Eq. 2.6 (repeated here):

. . . . dp;
J —_ nJ * N/ * Jj.k | pk k., .
Fy—o =Dy +Pj - Dp;y + BPj Z(DV Dp,)+Z<dy Xﬂc)
keJ kj
Where all x;x > 0 and p* represent the vector of steady state prices for the equi-

librium when y = 0. Moreover, long run incentives—i.e., D ;. (D)], . D’;j)—are
always negative.
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Proof For FJ;/: first, derive ddv‘,/ by applying the envelope theorem to V (s) =
P
pD' + BV (s): ‘ ‘ _
av’ dD/ p dv’J dD
av ~ P av dD ' dv
Where d D is the gradient of the change in demand for all firms that resulted from
the change in the started shares V. Next, take the total derivative with respect to A,

avi . dDJ avi i dD
ddv_d(l’/ dV)+IB.<ddD dD dVJ-ddv>.

dy dy dy dv ' dD dy

Aty =0, ‘ZVDJ = filv) = 0 so the second dynamic term is zero. As we are holding
price fixed, at y =0,

dvi ..dDj) dDJ
dyy _d(pf av =p; d'yy

dy =0 dy T ay
Therefore .
dDJ - -
. . . dv, . . p;
F‘] :Dj+ 'D‘] 4+ D P ® pj + ! ..
y=0 5+ PjiDyp, +B-pj dy dp, E dy Xj.i

i#]

It remains to simplify the product multiplication. jVD " is a vector with elements
Pj

D/ = ZisiD-/’i

DSIi — D/t

Dj.. By construction

Aty =0, D‘Sii’i = 0 and so

This identifies the elements of jé) " Taking the derivative w.r.t. y on the vector
i

dp/ yields elements of the form

vy,
dD/
dgy,. .
[}
dy 14
Now perform the product multiplication:
d jé) j dv D!
pj Pi | _ Z D
dy — dp; 7 opj

ieJ
Placing in F,f above obtains the desired result:

dp’
3y 2)

. ) . .. 9D!
F)_g=D}+piDyp, + B p;- <§ , D 5 )
i#]

ics Dj

To see that long run incentives are always negative, observe that D')’,’k is positive
iff £ = j, while D];,j is negative iff k = j.
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A.3. Proof of Lemma 3.1

With logit demand, at y = 0:

D)]/ZS]"(S]'—H)

2

F)«,i = 7 ((sj—H)-B (1+H-2s})) +Z(2?Xjk>

1 o
5 ey
Where all x;; > 0.

Proof From Lemma 2.2 we know that,

Fj = DI + p;D) pii 2 dp
y =D, +piDyp; +B-pj- Z 7 ap; —i—Z dijk .
iel J k#j
So we can simply uses the structure of logit demand to determine each element in

this equation to arrive at the second expression in the lemma. Note that the first
expression of the lemma is shown in step 5 below.

dD'.

(1) Determine dp; -

e Fori = j, the element is,

aD/ , ,
= —aD/’ (1 - D-’) = —us; (1 —sj).
ap;j
e Fori # j, the element is,
D! .
=aD’/D' =asjs;.
ap;

e Observe that the irrelevant alternatives (IIA) assumption for how shares
compensate is maintained,

D" DI < si )
dpj  Ipj e

e Fori :j,D')’;"i =3 (1 —sj);

; g
(2) Determine Dy :

e Fori # j, D' = —sjs;.

(3) Determine the products,
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(4) The sum,

0D
,B'pj~<ZD}f;’ ) :—,Bapjsjz. (l—sj-)z—i-Zsiz

iel 9p; Iy
= —,Bapjsjz. (1 —2s; + H) .
Now use the standard first order condition at y = 0,
ap;s; (1 — sj) =s;.

and the sum is,

1
Soap; = I—s,

i 2

ieJ Bp.,' 1= 5
(5) Determine D’ s
i = .y
D, = Zs’ D;,
i

=95;S; (1 — Sj) — ZS,’S,’S]‘
i#j

2 2 2

= s.]' _Sjs.]' _Sj Zsl
i#j

2 2

== s.]' - Sj N Zsl
ie
=3 (SJ' — H) .
This is the first statement in the lemma, but it still remains to derive the price

effect. .
(6) Determine D;,jy,

i _ pii 1 o
i, =} (1= D)~ DD}
_ pi
= pj/ (1-2D)
= —as; (1 =) (1 - 25))
BiFE] _  pnhipid i pisi
D}* =D} D — DI pi

= oD (1= D) DM — @D pi pi

=« [s.,' (l — s.,') S — s.,'sss,-]

= as;s; (1 — 2sj)
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jl
VP/ Zs, Dyp;

= —as; (l—sj — 2s)) +Zas], — 2s))
i#j
:as, 1—2s (Zsz—s,+s)
i#j

= as; (1 —2sj) (H —sj).

Usinga - pj = 1—]s, (again, from the first order condition at y = 0):

5
Dy, = | _]sj (1-2s;) (H =)

(7) Combine these to determine the price effect:

i
o |
Fy = DjH'PJDij‘Fﬁ'PJ'(ZDVap )
iel j k#

|
M
—_
©”
~
T
~
—_
—
|
[
~.
~
+
—_
T
[
~
~
—_

1 —2Sj) —ﬁSj (1 —2Sj +H>]

|
E

j)(l—Zs]—l—l—s]) ,6(1—2sj+H)]

‘Which is the second statement in the lemma.

A.4. Proof of Proposition 3.1

In a random utility model with quasi-linear utility, if firms are symmetric (§; = 9),
then:
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(1) If firms are myopic (8 = 0), small SC have no effect on prices and profits.
(2) If firms are forward looking (8 > 0), prices and profits decrease from a small

SC for all firms.

Proof With quasi-linear utility and J symmetric firms, consumers that are loyal to
firm 1 purchase the firm’s product if

—opr— &1ty > max{—apj —ej}.
J#1

As all ¢; are iid, this share can be described by a CDF on the first order statistic of
the ¢; distribution and the rival’s prices:

D" =@ (K —ap1 +y),

Where K is a (linear) function of all the firms’ rival prices. Letting ¢ denote the
PDF for &:

D' =¢(K—api+y) andaty=0: D)'=¢(K—ap),

Dll,’l1 =—a-¢(K—ap1+y) andaty =0: Dll;ll:—oc-cj)(K—ozp]),
Dy =-a-¢ (K—api+y) andaty =0: D) =-a-¢ (K—ap).

Note that as D},’ll < 0 and @ > 0 it must be that ¢ (K — ap1) > 0.
Consumers that are loyal to firm k£ # 1, would purchase if

Tep T e > max{@ﬁ";{—“m —&j}. —apty —Sk}
J7=1

Because utility is quasi-linear and the shocks are independent, this share can be
described by a CDF on the first order statistic of the ¢ distribution, the rivals’ prices
and a function t (y) that depends only on y:

D" = & (K —ap; — 1 (y)).

Let 79 = 7’ (0). The partials are:

DY* = —t' ()¢ (K —api—1(y)) andaty =0: D}*=-—19-¢(K —ap),

¥
Dll,’lk=—0l‘¢([(—0lp1—t(]/)) andaty =0: Dll,’lkz—a-qb(l(—apl),
D;‘[i:r’(y)ot-d(K—otp]—r(y)) andaty =0: D;‘[i:ro-a-ﬁ(l(—ap]).

We now prove that, at y = 0, if demand is quasi-linear, and the market is
symmetric and fully covered (no outside good), then 79 = J]—I and D}l,p , =0
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By construction, at y = 0,

_ D+ =DDy ¢(K —ap) — ( — D1og (K —ap)

D) ; }
= ¢(K;ap])(l—ro(f—1)),
Dl - D)y, +(JJ— DDy _ e (K—Otpl)—i-(JJ— Do - &' (K — apy)
_ ot.qb/(li—apl) D1,

By symmetry, if there’s no outside good, D)l, = 0, since steady state shares of all

firms must remain } with and without switching costs. As ¢ (K —apy) # 0, this
requires that,

=t -1

which proves both results.

This proves that the short term effect is zero and the price reaction depends only
on the long term investment effect.

By Lemma 2.2, the investment effect only decreases prices and by strategic com-
plementarity and symmetry prices decrease for all firms. As quantity sold does not
change and prices decrease, profits decrease as well.

A.5. Proof of Proposition 3.2

In a symmetric logit demand model with SC, if firms are forward looking (8 > 0),
the effect of SC on prices strictly decreases in absolute terms when a firm is added
to the market. The result applies to all quasi-linear random utility models in which

equilibrium price sensitivity (Df,j) weakly decreases in absolute terms when a firm
is added to the market.

Proof From Proposition 3.1, it is sufficient to show that the claim is true for the
investment effect. The investment effectis - p; - ) _; (D]]/’iDi,l>

The proof of Proposition 3.1, showed that at y = 0, D},’,l = D;,’,] = D},l.
Symmetry implies that 1’s gain (or loss) is spread evenly over it’s rivals:
1
DJ _ Dl’]
nET

In addition, applying the notation and results from the proof of Proposition 3.1, at
y = 0, we have that 7y = Jl_l and:

1,1
pli— _ D,
14 J—1"

@ Springer



Who pays for switching costs? 409

1,1 1 1,1 pl
pLipi —|[_ D, | Dy, _ D, Dpl.
v o J—1 J—1 (J —1)?

: D' D!
Lipyi _ Y 7p 1,1l
Z(Dy Dm) _(J_l)(J_1)2+DV Dy,

i
_plipt (1 +1
-7 P1 J =1

Thus,

Therefore,

J
_ nllpl
= DV Dp1 . e
So the investment effect is,
LIpl J
B-p1 DyDy

In any equilibrium at y = 0, the first order condition on price implies p; Dl]7 L=
1

—s1 and in the symmetric case this is — ; so we obtain
1,1
1.1 J _ BD, B

1 _ - _ _
F,=-BD, JU-n = 1" ;&K —apy).

14

An increase in J increases the denominator. Thus, it is sufficient to show that an
increase in J weakly decreases the numerator. As Dlln = —a - ¢ (K —apy), this
is the condition stated in the proposition for the general quasi-linear random utility
case. For the special case of the logit distribution, in any equilibrium:

J—1
oK —ap)=" .
And therefore,

J—-1 1 1

1—_ — —
Fy=-# J2 (J-=-1 ﬂﬂ'

Y

The same investment effect can be obtained for the logit directly by plugging in
sj = } and H = } into the investment effect for the logit model (3.5).

A.6. Proof of Proposition 3.3

Suppose in the logit demand model, J > 2, firm 1 has share 51 > } and all other

I_S]‘ . A sufficient condition for all prices to decrease

firms have equal shares ;.1 =

with SC is,

1+ JB

51 < I+ (A2)
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Proof Start with deriving H:

1—s1)° (1—s51)?
H=s12+<J_l> (I =1 =57+ P

By strategic complementarity, to prove that all prices decline, it is sufficient to
show that for the strong firm (j = 1), F]} < 0. From Eq. 3.5 we see that this condition
is,

—(H—-s1)—p(1—-2s51+ H) <O.

Placing H and simplifying, the condition is,
1 —
J—

1 — 2
sll (Jsl—l)—ﬁ(l—i—s]z—i—(J sll) —2s1> < 0.

Simplifying further, the condition is
Js1—1—=J8(1—s51) <0
Isolating 51 obtains the statement in the proposition.
A.7. Proof of Proposition 3.4

In the logit model, if all firms are symmetric, §; = §, = --- = §;_1, and an outside
good has a share sy, then:

(1) Prices and profits increase with a small SC if firms are myopic (8 = 0) and
Sy < }
(2) Prices decrease from a small SC whenever s; > } or 8 > 0.077

Proof In this setting, s; = IJ:S]’ and
J-sy—1
H:Sj<l+sj( 5 )>
1—sy
sjsy

Thus, a sufficient condition for profits to increase is that s; < } (as this implies

sj — H > 0) and prices do not decrease. Recalling the price effect formula (3.5) at
33
y =0~

2

Fi= 7, [-(H=s;) = B(1=2s; + H)]

33 Here, because all price-setting firms are symmetric and the game is in strategic complements, can drop
the strategic interaction term because we know it will only re-enforce the incentives of the leading terms.
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A sufficient condition for the price effect to be positive is that 8 = O and s; — H >

0. Thus, profits increase with a small SC if 57 < }
The sign of the price effect is determined by

FJ]20 & —(H-s5;)—B(1—25;+H)Z0

The second term, which is subtracted, is always positive:

1-2sj+H=1-s;+H—-5;=1- s,+sJ —1+2:2
i#]
= l—s +Zs >0
i#]

Therefore, a sufficient condition for price to decrease is that H —s; > 0, which,
from above, is equivalent to s; > }
Ifs; < } thens; — H > 0 and,

F/]20 < s;—HZB-(1-2s;+H).
Isolating B , price decreases if,

8> si—H _ fi] (1= Jsy)
TlesjtH-sp =004 M Usy =1

Simplifying:

- sy (1 —Jsy)
J—1—-14s74+s5(Js;—1)
> Sj(]—JSj)
J—=2+Js3

Note that as J > 3, (the case of one firm and an outside good was handled in the

previous section), the denominator is always positive. The derivative of the RHS for
any s; is,

53 (/=24 752) = (1453 sy (1 = Jsp)
’ <

(J—2+Js2)°

The sign follows from s; < } and J > 3. Thus, the strictest bound on g is for
J =3is,

S‘]—3S‘%

> .
bz 1+3s3
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The worse case is when s; = 2 1 ( 0.155). 3*At this point, the lower bound

3

on f is
> ! Ly 07735
V32 '
Thus, for any 8 > .0774, prices are lower with a small SC than without.
A.8. Proof of Proposition 3.5

For a monopolist:

dav! _nCsi=D
dy =0 1-8 4

Fy_g=@2s1 =1 (D;" + plD,‘;l‘y) —2ps1 - D)

Thus:

(1) A small SC increases profits for a monopolist iff the monopolist share of the
market is at least .5.

(2) For any discount factor a small SC causes a monopolist to decrease prices if its
share is lower than .5.

(3) For any discount factor a small SC causes a monopolist to increase prices if in

the equilibrium without SC: 2s; - plD,l,’]ly > D)l;l + p1 D,l,’]ly.

Proof We let the monopolist be firm 1 and the outside good firm 0. The following
will be used throughout the proof:

Lemma 1.1 Ary =0:
(1) D],l — Dl,O

L1 _ _pl0
@ D)f 1 - Dyl 0
(3) Dpyy = —Dpyy

34The numerator for the derivative of the RHS wrt s is
(1= 65) (14+353) =65y (55 = 353) = 1= 65, +35] — 185 — 657 + 185
= 1—6s; — 353

This quadratic expression is positive at s; = 0 and negative at s; = ; (the upper bound). So need to take
the maximizing point,
_ —6k36+12 43 2

1+ T =1+

57 6 6 /i

@ Springer



Who pays for switching costs? 413

Proof Recall that D! = & (8§ — ap; + ) and D0 = ® (8§ — ap; — y) The first
claim follows from replacing y = 01in D', The second and third follow from taking
the required derivatives and then placing y = 0.

Applying Lemma 2.1:

By construction,
1 1,1 1,0
D,=s1-D, +(—-s1)-D,

Applying lemma (A.1):

D, =Dy (251 - 1)

To derive the price effect, first write F’ )} for a monopolist:
1_ pl 1 1,0 50 L1 pl
Fy =D, + pi1Dp, + Bp1- (Dy Dy, +D, Dm)

1

Py obtains

: Lk pl
Applying Lemma 2.1 for D,)*, D,, and D

Fy=D)' (2si— 1)+ p Dy}, - @2si — 1)+ Bp1-2-D}' D),

Collecting terms and recalling that at the steady state w/o SC s = —p;- D ,1, , obtains
the desired F}l.
The qualitative statements follow directly from these two equations:

(1) As D)l;l > 0, the sign of the profit effect depends only on 251 — 1
2) AsDL'>0and (DL!+ py- Dy, > 0,if 251 — 1 < 0 it must be that F} < 0.

3) As D)l;l >0, Fyl is lowest for § = 1. Placing 8 = 1 in Fyl yields,

FyB=1=@s =1 (Dy' + piDy) =251 - D).

Collecting terms obtains the stated result.
A.9. Proof of Proposition 3.6

For a monopolist facing logit demand, the introduction of a small SC changes profits
by
dvl  presi-(I—s)-@2s1— 1)
dy =0 1-8 ’

. .. . 1428
The monopolist price increases iff s; > , 5 ’E

(A.3)

Proof The derivative of the value function with respect to switching costs can be
found by substituting the logit expression for Dy’ = s; (1 —s;) into the general
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. 1 . - .
monopoly expression for d‘g/‘/:o found in Proposition 3.5. To show that the monopolist

price increases if and only if s; > ;ﬁg , first note that under monopoly,

H=s2+(0—-s)?=2s24+1-251=1-251(1—s1)
So
H—s1=({-s1)1—2s1)
1—2s1 + H =252 4+2—4s; =2(1 — 51)2

Substituting this into the first order condition for prices,
2
1 51 2
Fho= T Ja=s@as - D280 -0
14 11—
=57 [251 =1 =281 —s)]
As s1 > 0, the condition for prices to increase is

251 — 1 —28(1 —s1) >0

Isolate B:
Fo>0 < 1 —2s;
V= ~2-2s
Isolate s to arrive at the expression in the Proposition:
142
s1 = 2P
2428

Appendix B Extensions

In this appendix, we consider two extensions to the basic model and illustrate how
these affect the overall impact of switching costs. Formally, the effect of each
extension can be determined by evaluating the change implied on the two basic com-
parative static Eqs. 2.4 and 2.6. In particular, applying the framework used here, it is

sufficient to evaluate the first order change in demand D?,, in price sensitivity D, P

. . . . . i,k
and in the dynamic value of investing in consumers 3 - Djﬁ’ . Dl;?j‘
B.1. Time-persistent consumer heterogeneity

A natural variation of the model is to assume that the same consumers that preferred
good j at period ¢+ would likely prefer good j at the following period. Intuitively,
as the degree of horizontal differentiation between the goods increases, the marginal
consumer for each firm is more likely a loyal repeat purchaser. As a result, the firms’
short term incentive to compensate will be weaker and its incentive to harvest will be
stronger, resulting in higher prices. Horizontal differentiation will also weaken the
investing effect of SC — the market has less switchers to sway as more consumers
choose based on their horizontal preference.
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Thus, time-persistent horizontal differentiation should decrease the effects of SC
that decrease profits (compensating) and prices (compensating and investing), while
increasing the effect of SC that increase prices and profits (harvesting).

Formally, our derivation can be extended relatively easily to accommodate some
types of time-persistent preferences. In particular, suppose that consumers are split
at the start of the game into types, with ¢, the measure of type n in the general
population. Letting F,ﬁ’" denote the first order effect of a low SC (i.e. Eq. 2.6) for
firm j considering only consumers of type n, then the overall effect is simply,

Fj =Y ¢ F}" (B.1)
n

To illustrate, consider the logit model with J symmetric firms and an outside good
that has a lower than average market share (i.e., the outside share is less than 1/(J +
1). Extend the model by allowing for J + 1 consumers types. In particular, suppose
that the measure of regular consumers is ¢o while a consumer of type j assigns a very
negative utility to purchasing any good other than good j or the outside good. That
is, for ¢pg customers demand is as described in Eq. 3.3, while for ¢; of the consumers,
firm j is a monopoly and demand is,

eﬁj,k

Dik = o
ook 4 pljk

As ¢; increases, firm j’s pricing is affected more by the monopolized consumers,

whose decisions are completely independent of opponents’ prices. In particular F,ﬁ
at y = 0 increases with ¢;. As horizontal differentiation weakens competition even
without considering SC. This analysis reinforces the intuition that SC should be more
of a concern in industries in which competition is (or would be) weak even without
SC.

B.2. Heterogeneous SC

The assumption that all customers have the same SC may not fit well in some indus-
tries. For example, Biglaiser et al. (2013) suggest that SC between online music
outlets differ across customers depending on the intensity of their use of the outlet.

For small SC, heterogeneous SC across consumers are similar to an even smaller
SC as long as the SC apply to all goods. If only a fraction A of consumers are affected
by the switching cost, but this fraction is the same for all consumers regardless of
their previous purchase, then Dy, Dy, and D')’,’k . D’;j are simply a fraction A of the
original homogeneous SC model. Thus, the qualitative results are unchanged, but the
degree of the SC effect is smaller.

The uniformly heterogeneous SC setting also captures the effect of SC in “over-
lapping generations” models. In these models, a fraction A of the consumers each
period is replaced with new consumers that are not loyal to any of the goods. Eco-
nomically and mathematically, the model is identical. A closely related variation is
when consumers switch loyalty group only with some probability A, and with the
complementing probability retain their original loyalty, despite buying a good they
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are not loyal to. In this case the short run effect of SC is the same as in the basic
model, while the long run investing effect is dampened by .

Biglaiser et al. (2013) consider heterogeneous SC that affect only consumers of a
subset of the goods in the market or only consumers that have a higher consumption
value. First, suppose that SC only affect consumers switching out of good 1. In this
case SC clearly increase 1’s demand (D)l, > () and decrease demand for all other

goods (D‘ﬁ'él < 0). Thus, the first order effect of SC on profits is, as expected,
positive for firm 1 and negative for all others. However, even firm 1 may decrease
prices, due to the investing effect. Indeed, with logit demand, it is easy to verify that
firm 1 (and thus all firms) will decrease prices whenever ISlY| < B.1In all other cases,

the first order effect of SC on firm 1 will be to increase prices. For all other firms,
the first order effect of SC is to decrease prices.>

Appendix C Salop Model
C.1. Salop demand

This appendix considers the implications of a small SC on the Salop (1979) circular
city model.® The results echo the qualitative results obtained using logit demand.

Formally, the J firms are evenly spaced on a circumference, with the firm location
denoted x ;. Each consumer draws each period a position x; on the circumference and
pays a ’travel cost’ of ¢ - |x(,~ - x,~| if she chooses good j. As in the previous section,
firm quality is denoted § ;. Note that we do not require that the firms are symmetric.
Each consumer i, loyal to good k chooses in each period ¢ the good j that maximizes
her period utility, which is given by

wijie =8 +a-pjr—y-1[j #kl—c-|xj — x| (C.1)

We assume that in the equilibrium without SC, all firms have a strictly positive
market share. A direct implication of the linear structure is that there are no cross

effects: D')’,pj = 0. To illustrate the implication of SC in these settings, suppose
that absent SC, a consumer is indifferent between goods 2 and 3. Add a small SC
to the model, the consumer’s preference just increases for the specific good j she
bought in the previous period. If that good is 2, the consumer now strictly prefers
good 2, increasing 2’s equilibrium demand. The same applies for good 3. However,
if the consumer is loyal to any other good, a sufficiently small SC does not affect
it’s preference. The share of consumers therefore whose SC are relevant for firm 2

35By first-order effect we mean that the analysis does not consider the firm’s reaction to it’s rival price
change.

3 A similar analysis can be applied to other models of linear demand, but the qualitative results are the
same. In particular, both Rhodes (2014) and Shin et al. (2009) consider a Hotelling model. The Salop
model was chosen to highlight the additional endogenous asymmetry caused by SC when there are more
than two firms in the market.
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are only those loyal to either firm 1, 2, or 3 at the previous period. In turn, these are
given respectively by s1, 52 and s3. The next result summarizes the implications for
this setting.

Proposition C.1 In the circular city model in which all firms have a strictly positive
market share:

A small SC has no effect if firms are symmetric (s.,' = s,-) and myopic (f = 0)
If firms are symmetric and forward looking (B > 0), the effect of SC strictly

decreases in magnitude as the number of firms in the market increases.

® A small SC decreases prices if firms are sufficiently forward looking (,3 > %) ,

regardless of firms’ relative shares.
e A sufficient condition for a small SC to decrease prices is that firms are
sufficiently symmetric and are somewhat forward looking. Formally:

Sj—1 T+ 8j+41

Vjisi <
JN= 3.

(C2)

Proposition C.1 provides the analogous results to Proposition 3.1 and describes
the implications of asymmetry in the linear setting. If firms are symmetric, demand
does not change with the SC and so the short term effect is always zero. Note that
this applies to any model of linear demand with symmetric firms and a fully covered
market. For the specific circular city model with symmetric firms, the relation in
Eq. C.2 is an equality when firms are myopic and a strict inequality otherwise.

The economic forces are the same as those identified in the previous sections. SC
alter the incentives of the marginal consumers against switching. If a firm’s share is
larger than it’s relevant rivals, the effect shifts the firm’s demand up.

The return on investing in share is only relevant to those customers that in the next
period would be marginal for the firm. As in the logit case, increasing the number of
firms decreases the likelihood that a firm’s marginal consumer in this period would
also be marginal in the next period. As a result, the return on investment is lower and
the effect of SC on prices is weaker.

If firms are sufficiently patient (8 > %) prices always decrease with a small SC,
regardless of shares. This is because the investment effect overpowers any possible
short term gains from harvesting. Finally, to illustrate the relation in Eq. C.2, observe
that if in the equilibrium w/o SC no firm has a larger share than its two neighbors’
combined share, a sufficient condition for prices to decrease is that § > %

C.2. Proof of Proposition C.1

In the circular city model in which all firms have a strictly positive market share:

A small SC has no effect if firms are symmetric (s; = s;) and myopic (8 = 0)
If firms are symmetric and forward looking (8 > 0), the effect of SC strictly
decreases in magnitude as the number of firms in the market increases.

e A small SC decreases prices if firms are sufficiently forward looking (,3 > %) ,
regardless of firms’ relative shares.
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e A sufficient condition for a small SC to decrease prices is that firms are
sufficiently symmetric and are somewhat forward looking. Formally:

. Si—1+8j41
Vjits; <™ ! C3
J8j = 2-3.8 (C.3)
Proof For notational simplicity, define D({j = m. Then D;;ij_] = D;{H] = —" and
for all remaining firms Déi;éj—l,j,jﬂ = 0. Therefore,
JiJ = j=t — pi+t = ™M
Dy/=m, Dy =D) =
and
j 1 1
D'y =m\s; — 2SJ'_1 - 2Sj+1 .
For the investing effect we have,
..9D/J
D)’ = —am
apj
Andfori=j+1,j—1
NBD’ . om o am
Yop; 2 2 4
Using the first order conditionaty =0, p; = ;’ ,
. 1 1 3
F)i =m- (Sj — zs.i—l — 2Sj+1 —,3Sj . 2)
Thus:
(1) If firms are symmetric: F)f =—-m-f- 23]. This proves the first two statements.

2) Ifpg=> % prices always decrease with SC.
3) Ifp< %, prices always decrease if for all j

g < 1T
~ 238
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