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1 Introduction

When a new product offers consumers something very different to anything they have tried
before, each consumer may be aware only of the distribution of values for the product prior
to trial and not their individual value (Nelson, 1970). If similar such products compete, an
experience of one product reveals to the consumer her value for the trialed product and is also
informative about her value for the other new products in the market. For example, the first
experience using a ride-share app allows consumers to form a view on their likely value for all
such apps versus an alternative form of transportation; attending a jazz concert for the first
time allows concert-goers to learn their likely value from seeking out more jazz rather than
other music genres.'

We study duopoly competition in non-durable product markets that feature these demand-
side information spillovers from consumption. Consumers choose between either of the unfamil-
iar products and an outside alternative of known value, which we refer to as the old technology.
The value of the new product market is defined as the extent to which the expected value for
either of the new products, less marginal cost, exceeds the value of the outside alternative, and
is assumed to be exogenous. Firms therefore compete in prices, and we allow each firm to price
discriminate based on a consumer’s purchasing history.

The equilibrium outcomes of interest are the intensity of first-period price competition, firm
profits, and consumer surplus in the new market. The analysis shows that these outcomes
are all determined by the extent of switching to the rival product after initial trial and the
price elasticity of any switching customers relative to the price elasticity of repeat customers.
Switching behavior depends on the interaction between the value of the new product market
and the magnitude of information spillovers from experience.

When a large share of consumers return to the outside alternative after an unsatisfactory
trial of one of the new products, firms earn zero overall profits, irrespective of any information
spillovers. While each firm can charge a monopoly price to its own repeat consumers, the price
in the first period is sufficiently below marginal cost to ensure first-period losses exactly equal
in size to second-period profits. These equilibrium outcomes arise when the new market is of
low value.

However, when the new market is sufficiently valuable, there are always some customers who

switch to the rival product after an initial trial. Because firms can price discriminate, switching

!The example that motivated this paper is that buying labor services in an online labor market platform
allows buyers to learn their value for hiring other service providers on the platform rather than doing a task
themselves (Stanton and Thomas, 2019).



consumers are profitable for the firm in the second period. Moreover, any differential profit
from repeat rather than switching customers is competed away in the first period, therefore
total profits are equivalent to the profits a firm would earn if all second-period consumers were
switchers. Although the equilibrium price charged to repeat customers is at least as large as
the price charged to switchers, information spillovers can increase the share of switchers to
the extent that the mass of switching consumers is more profitable than the mass of repeat
consumers. In this case, firms have no incentive to compete intensively in the first period for
consumers who will become repeat buyers, and therefore set a first-period price that exceeds
marginal cost. Firms therefore earn positive profits in both periods.

Information spillovers exist when new products are perceived to be similar, that is, when
they are viewed as closer substitutes. We show that the existence of such spillovers allows firms
to earn positive overall profits over a larger range of market values. Moreover, firm profits are
increasing in the informativeness of these spillovers over some range. That is, firm profits can
increase when products are closer substitutes. This is because the demand from switchers is less
elastic when consumers are more informed about their values for both products in the second
period. This information channel can outweigh the downward pressure on prices coming from
the presence of a closer competitor.

On the demand side, there is a unit mass of consumers, each of whom buys one of the two
new products, or neither, in each of two periods. Consumer values for the two new products
have a known bivariate normal distribution. The covariance between each consumer’s value for
the two products is governed by a parameter p that varies between —1 and +1 and represents the
degree of product differentiation in the new market. We interpret the p parameter as a measure
of the degree of substitutability between products and also as the extent of information spillovers
from product trial. This framework nests Bertrand competition (when p = 1) and models of
experience good pricing when consumers’ values are independent, as in Villas-Boas (2004), when
p =0, and establishes a novel connection between these cases.’

For simplicity, there are no switching costs, network externalities, or fixed costs in the
model. While these features are often present in the new technology markets we have in mind,
the mechanisms and results laid out in this paper do not rely on their presence, and are mostly
robust to extensions that include them. Switching arises because consumption changes the
information structure for consumers with heterogeneous values for the new products.

In the large literature on experience good pricing building on Nelson (1970), the majority

of papers do not model competition between firms. Cremer (1984) studies a two-period set up

2 Villas-Boas (2004) assumes that products are horizontally and vertically differentiated and consumers learn
about quality of products from experience.



allowing price discrimination by a monopolist, and shows that the first-period price can exceed
the second-period price because consumers’ willingness to pay in the first period includes the
option value of learning from consumption. Bergemann and Valiméki (2006) consider partial
learning from consuming an experience good in a continuous time model and show that price
dynamics are determined by whether the market is mass or niche, a distinction that also plays a
role in this paper. Jing (2011) extends their study to evaluate the welfare implications of price
discrimination and price commitment. Firm profit and social welfare are greater under price
commitment in a niche market and greater under price discrimination in a mass market.

When competing products are considered and price discrimination is not possible, there
arises a well-known trade off in later periods between setting a uniform price that extracts
surplus from repeat loyal customers but that also attracts customers of rival brands to switch.
Villas-Boas (2004) studies this trade off in a two-period Hotelling model with no learning about
rival products from consumption. In that model, second-period prices are related to first-period
market share. Villas-Boas (2006) studies experience good pricing in an infinite horizon model
with overlapping generations of consumers. Doganoglu (2010) shows that the price is lower
when switching costs are sufficiently low than when they are absent in this framework.

In the broader literature on switching costs (Klemperer, 1987a,b; Farrell and Shapiro, 1988;
Beggs and Klemperer, 1992; Padilla, 1992, 1995; Klemperer, 1995; Farrell and Klemperer, 2007),
these costs are usually assumed to be sufficiently high so that no consumer switches in equilib-
rium, and consumer values are assumed to be high enough to ensure no consumer leaves the
market after trying one of the goods. Alternatively, in the model by Chen (1997), consumers
do switch when they have private switching costs and firms can make monetary transfers to
switching customers. Paying customers to switch serves as a form of behavior-based price dis-
crimination, which neutralizes any influence of first-period market-share on the second-period
prices. In this paper, we also assume that firms can price discriminate between repeat or
switching customers and as a result, they charge lower prices to switching customers.?

Fudenberg and Tirole (2000) consider customer poaching in a horizontally differentiated
market without switching costs. Brand switching only happens when there is behavior-based
price discrimination. Consumers switch brands for lower prices and hence inefficient switching
arises in equilibrium as some consumers switch to a less-preferred brand. In contrast, in our
paper, switching is always welfare improving. This is because unsatisfied consumers have the

opportunity to switch and obtain positive surplus rather than leave the new market.

3 Shaffer and Zhang (2000) show that the price to switching customers is higher than to repeat ones when
the demand to the firms is asymmetric. Chen and Pearcy (2010) show that loyal customers may be rewarded by
a lower price if firms can commit to future prices. In this paper, we assume that the distribution of consumer
values is ex ante equivalent across brands and firms cannot commit to future prices.



Our interest lies in characterizing how a demand-side information externality increases the
profits of competing new products when consumer valuations are unknown prior to trial. We
emphasize how information shapes whether consumers remain loyal, switch to a rival product,
or leave the new market. Hence, allowing consumers to opt out of the new market altogether
is an important feature of the model. The strength of information spillovers from an initial
consumption experience determines the extent of new market coverage, that is, the share of
consumers who buy either of the new products rather than exit and purchase the old technology,
in the second period.

Firms can make higher profits when new products are closer substitutes because of our as-
sumption that information spillovers are increasing in the extent of perceived product similarity.
Other papers have set out alternative reasons why firms may prefer partial differentiation. For
example, Bester (1998) combines price as a signal of quality with the theory of spatial competi-
tion and finds that imperfect information about goods’ vertical quality characteristics reduces
firms’ incentives to differentiate horizontally. Gehrig and Stenbacka (2004) study endogenous
horizontal product differentiation between goods without the experience good feature and allow
switching costs to be increasing in the extent of differentiation.

The demand-side information spillovers that lead to new product profitability in this model
differ from both the technology and product market rivalry spillovers created when firms un-
dertake R&D as described in Bloom et al. (2013). The market rivalry spillovers refer to the
business-stealing effect on firm performance when there is an innovation in a closely competing
product. In our case, with incomplete information about consumer values, a rival’s new product
generates positive demand for other similar products. The learning process that we model is at
the individual consumer level, rather than market-level social learning about product quality
through reviews (for example, Moretti (2011))

We suggest that information spillovers between new experience goods are a common feature
of markets for new technologies. Likewise, behavior-based price discrimination is frequently
observed in these settings, as evidenced by the popularity of the “freemium” pricing model.
While early competition between close rivals is often modeled as a war of attrition where one
dominant firm eventually prevails, equilibria in our model feature two firms that can be prof-
itable in both periods. We show that information spillovers allow firms to make profits even
when the expected value of the new market is negative, that is, when the expected value of each
new product less its marginal cost is outweighed by the known value of the old technology. This
is because uninformed consumers purchase a new product for the option value of remaining

in the new market once informed, and price discriminating firms facilitate efficient sorting by



better-informed consumers into repeat purchase, switching to the rival good, and returning to
the old technology.

The paper proceeds as follows. Section 2 introduces the primitives of the model. Section 3
presents the equilibria of the second-stage sub-game without information spillovers (p = 0) and
then the second-stage sub-game with information spillovers (p € (0,1)). Section 4 presents the
full equilbria and analyzes the range of market values for which firms make profits and the range
of market values for which profits are zero, in the case when p = 0 and then when p € (0,1).
Section 5 describes some implications of the earlier analysis and presents a theorem relating
firm profits to the ability to attract switching consumers. It also provides a numerical example
of profits, consumer surplus, and social surplus as a function of market value at different levels
of information spillovers. Section 6 presents the equilibria when consumers’ preferences are

negatively correlated (p < 0). Section 7 concludes.

2 Primitives of the Model

There are two firms that offer non-durable experience goods A and B, respectively. The marginal
cost for both firms is ¢ > 0. The firms compete by setting prices simultaneously in each of two
periods. There exists a unit mass of consumers, each of whom buys one unit of good A or
good B, or returns to the outside option, in each period. Firms and consumers have a common

discount factor ¢ € [0, 1].

Valuations: Each consumer’s per period valuation for good i € {A, B}, 0;, normalized to the
existing alternative option value of zero, is constant across the two periods.* In the first period,
consumers do not know their valuations but know that the joint distribution is bivariate normal
N(p,X), where

1A o3 PTATE

1B popos 0%
We assume that ua = up = p and 04 = op = 0 > 0, and that p € [-1,1]. F(-) denotes
each product’s marginal value distribution, and, hence, F(-) is the c.d.f of a univariate normal
distribution with mean p and variance 0. Denote by f(-) the corresponding p.d.f.> Note that

0; satisfies the monotone reverse hazard rate (MHR) condition, so that f(-)/[1 — F(-)] is an

4 Our results extend to the case where each consumer’s valuations differ across periods but remain correlated.
5 The probability density function of a bivariate normal distribution is given by

_ 1 1 (z—px)?  (W—pv)® 2p(x—px)(y—py)
CE 2roxoyy/1 — p? xp (_2(1 —p?) |: 03( * U%, B Ox0y ]) ’

and the marginal distribution for one variable is obtained by integrating over the other variable, e.g., the marginal



increasing function, whereas f(-)/F(-) is a decreasing function.

Learning: After consuming in the first period, a consumer who bought good i learns her 6;,

as in Nelson (1970), and also updates her expectation about 6_;, which is E(6_;|6;):

o—i

E(0-0;) = p—i + p—(0i — i) = pb; + (1 — p)p,

i

where p measures the information spillover from consumption between the tried and untried

new products.®

Prices: The first-period price of firm ¢ is denoted p;, the second-period price charged to repeat
consumers is R;, and the second-period price charged to switching consumers is S;. Throughout
the paper, we assume that firms can price discriminate between consumers based on their
purchasing history and so R; may differ from S;. If a consumer purchases only in the second

period, then firms treat her as a switching customer.

Consumer payoffs: In each period, each consumer can buy only one unit of one good or she
can choose to take the outside option that she values at zero.” A consumer who buys good i in
the first period obtains a second period payoff of us(6;) = maxz{6; — R;, p0; + (1 — p)u — S_;,0}
if she chooses to continue buying good %, switch to good —i, or take the outside option in the

second period, respectively.

Cutoff consumer types: We define the following cutoff types for firm i’s (i € {A, B}) first-

period consumer who is indifferent between her period-two options.

° 9235 : the marginal repeat consumer who is indifferent between buying good 7 again and
switching to good —i, i.e., 0% — R; = E(0_;|07) — S_,. Hence, with p # 1 we have
R, — Sfi

oRs  — b 1
i B+ =, (1)

distribution of X is given by

_ [ _ 1 (z — px)?
fx(z) = [m [z, y)dy = o (— 207 )

%In a demand structure featuring binary consumer types, the conditional expected value of the product
not trialed decreases (increases) if a consumer’s value for the trialed product is low (high). This means the
information spillovers impact the pricing game differently, and the continuous and binary cases will be compared
in later sections.

7 We interpret the outside option as an “old”, tried-and-tested product that remains available to the consumer.



° 9230; the consumer who is indifferent between buying good ¢ again and the outside option,
0F0 = R;; (2)

. HZSO: the consumer who is indifferent between switching to good —¢ and the outside option,

ie., p?9 + (1 — p)u = S_;. Hence, we have

S_i—(1—
p
Note that GZRS = p if R; = S_;, suggesting exactly half of firm ¢’s consumers would switch if

firm 4’s price to repeat consumers were equal to firm —i’s price to switching consumers. Also,

when p > 0, we have lim, o+ 92-50 = +o0 if S_; > p and lim, g+ 9;90 = —o0 if S_; < p.

Monopoly: In some equilibria, firms have monopoly power in a share of the market. We define
price M as the monopoly price given the demand curve 1 — F(-). That is, M satisfies

_ 1= FM)

M = ) +c, (4)

and according to the MHR condition, M is uniquely determined.

Denote by w(M) = [,; (M — ¢)dF(z) the profit made by a monopoly firm from charging
price M in a market with demand 1 — F(M). SS(M) = [,/ (z — ¢)dF(z) is the corresponding
social surplus. In the duopoly environment we consider, the demand curve actually faced by

each of the firms depends on the nature of equilibrium.®

Major innovation and minor innovation:
The value of the new products relative to the old technology is exogenously given. For

convenience, we divide new products into two groups:

e A product is defined as a major innovation if and only if at least half of the consumers

value it at above the marginal cost, so p > c.

e A product is a minor innovation if and only if less than half of the consumers value it at

above the marginal cost, so u < c.

In other words, a new market with a minor innovation is preferred to the old technology only by

those consumers with high valuations, but a new market with a major innovation is preferred

8In the absence of a competitor, a monopolist selling two products would extract more total surplus from
all consumers’ willingness to pay in both periods. This is because the monopolist does not face the duopolists’
challenge of competing in first-period price for the most profitable group of consumers in the second period. The
role that the competition channel plays in the main results is discussed later.



to the old technology for most consumers.

Benchmark case where p =1

If p = 1, consumers are fully informed about their valuations for both products after the
first period and the valuations are equal for both products. This becomes standard Bertrand
competition in each period. Because each firm has an incentive to reduce price in the second
period, the second-period equilibrium price is equal to the marginal cost, and firms make zero
profit. In the first period, since a repeat and a switching customer in the second period both
generate profits of zero, there is no incentive to reduce first-period price to fight for future
customers. Firms, hence, set first-period price equal to the marginal cost in competing for

first-period profit. The consumer surplus in such a setting is equal to the social surplus:
+oo
CSyp—1=(p—c)+ 5/ (x — ¢)dF(z).
(&
3 Second-stage equilibria when p > 0

To characterize the sub-game perfect equilibria of the two-stage pricing game, we start by char-
acterizing possible equilibria in the second-period sub-game. We focus on symmetric subgame
perfect equilibria throughout. Firms’ second-period profit consists of two parts that can be

written in general form as:

—+00 —q
(Ri —c¢) -\ dF(0;) +max | 0,(S; —¢) - Ai/ dF(-i) |, (5)
max(0/*5 ,0RO) 059
profit from repeat customers profit from switching customers

where \; denotes firm i’s market share in the first period and A\; + A_; = 1. Because we allow
behavior-based price discrimination such that the price to repeated customers R; need not equal
the price to switching customers .S;, we will see that the optimal prices are independent of the
first period market share \;.”

For all p € [-1,1), there are three types of second-period equilibria. Figures 1, 2, and 3
illustrate these equilibria for the p > 0 case. In each of the figures, the z-axis is the consumer

valuation for the trialed product, 6;, and the y-axis is consumer surplus. In each, the line

9In an alternative setting with uniform pricing, as is generally the case in the literature on dynamic pricing
for experience goods (Doganoglu, 2010; Villas-Boas, 2006), the firm with larger first-period market share would
charge a higher second-period price. This is because the firm’s customers are informed and hence are less price
elastic, whereas the opposing firm’s customers are less informed and more price elastic. Therefore, the ”average”
price elasticity of the consumers is lower when a greater share customers are informed and the firm therefore
charges a higher price. We instead assume that the firms can identify repeat consumers from switching consumers
according to past purchasing history. Hence, each firm chooses optimal prices for repeat and switching consumers
separately according to each group’s price elasticity, and the initial market share has no effect on these prices.



with the steeper slope represents the consumer’s surplus from purchasing product i again in
the second period, (6; — R;). The consumer’s surplus from switching to the untried product,
E(0-;|0;) — S—; = pb; + (1 — p)u — S—; is the flatter—but still positively-sloped—Iline in each

figure.'?

ons —gro —gso 0 g0 gro gns b,

00; + (1 = p)u — 52,

Figure 1: Niche market Figure 2: Semi-niche market Figure 3: Mass market
equilibrium, where R}' = M equilibrium, where equilibrium, where R, S™
and S”; > c. R? € [m, M] and are given by (8), (9).

5% =pR; + (1 —p)u

First, when p is sufficiently small, there exists a “niche market” equilibrium (see Figure 1 for
an example with p > 0) in which the marginal repeat consumer strictly prefers the outside option
and the new market is not fully covered. The consumers that have a bad initial experience choose
to leave the market rather than to switch to the untried product, so max(0/*5, 0F°) = 9RO there
are no switchers, and the second maximum in (5) takes on the value of zero because #°¢ > 75 11
Since no consumers switch in equilibrium, each firm makes monopoly profit in the second period
in its respective share of the market by charging the monopoly price M. In order for such a price
to repeat consumers be part of an equilibrium, it must be true that y is sufficiently small—i.e.
consumers expect to have sufficiently low valuations for the untried product—to guarantee that
no firm can charge a price S_; > ¢ to attract switching consumers.

Second, when p is sufficiently large, there exists a “mass market” equilibrium (see Figure
3 for an example of the p > 0 case) in which the marginal repeat consumer strictly prefers to
stay in the market rather than to leave the market and take the outside option. That is, at

least some of the consumers who have a bad initial experience switch to the untried product for

which they have a high conditional expectation, the second maximum in (5) takes on the value

0The positive slope of switchers’ demand contrasts with the p = 0 case, where the consumer’s surplus from
switching is a constant, independent of 6;. When p € (0,1), consumer’s surplus from switching is positively
correlated with 6;.

"Tn particular, when p > 0, we have 6 in the niche market equilibrium as is shown in Figure 1.
As p approaches zero, §°¢ approaches +o0o when S_; > p, which always holds in the niche market equilibrium
according to Lemma 1. Hence, 659 > 6F7 also holds for p = 0. In both cases, the second term in (5) equals zero.

SO RS
27 > 0%



of the non-zero term, as Hff > Gi-o > —oo, and the firm makes some profits from switchers. 2

Whether all or some customers switch to the untried product is determined by p. When a mass
market equilibrium exists, we can derive the second-period equilibrium prices via the first order
approach.

Third, when p takes on intermediate values, there exists an equilibrium that is neither
the mass nor the niche market equilibrium, where the marginal repeat consumer is indifferent
between consuming again in the market and the outside option. We refer to this equilibrium
as the “semi-niche market equilibrium” (see Figure 2 for an example with p > 0). In this
equilibrium, no consumer switches brand after a bad initial experience—similar to the niche
market equilibrium—but a marginal deviation of charging slightly lower prices to switching

consumers results in some switching.

3.1 No Information Spillovers, i.e. p =0

When p = 0, there is no correlation between customers’ valuations so customers who consumed
good 7 in the first period can make no inference about good —i in the second period. Lemma 1

provides the sufficient and necessary conditions for each of the three equilibria in this case.
Lemma 1. Suppose p =0, in the second period there exists:

e a niche market equilibrium where R} = M and S]' > c if and only if p < c;

e a semi-niche market equilibrium where R} = M and S = p if and only if ¢ < p < M;

e a mass market equilibrium where R]* = S = %(u) +c< M if and only if p > M.

Lemma 1 states that the sufficient and necessary condition for a mass market equilibrium
to exist is p > M, which is consistent with the standard definition of “mass market” in the
literature (Bergemann and Véliméki, 2006; Ivanov, 2009). We thus follow the literature in
naming the equilibrium as such. Note that the new product market is fully covered in this mass
market equilibrium—all consumers buy ¢ or —¢ in the second period.

Prior studies define a “niche market” as existing if and only if u < M. Yet Lemma 1 shows
that there are two different equilibria for this parameter range. We refer to the equilibrium
with no switchers as the niche market because it has the feature that only those consumers who
have a high valuation for the products remain in the new market.

Firms’ market power among repeat consumers is greater in the semi-niche than in the mass

market equilibrium, and greater still in the niche market equilibrium, because R}" < R = R}'.

12Recall that when p > 0, lim,_, o+ 059 = —o00 if S; < p, which holds in the mass market equilibrium according
to Lemma 1.

10



Firms’ market power among switching consumers has the opposite ordering: it is greatest in the
mass market equilibrium, then the semi-niche and then absent in the niche market equilibrium.
This is because S;" > S; and the niche market equilibrium has no switchers.

We provide a sketch of the proof for the mass market equilibrium. According to the earlier
discussion, the mass market equilibrium with p = 0, given in Lemma 1, is characterized by
restricting Gz-RS > GZ-RO and «9:9? = —o0 in the second-period profit, equation (5).'* First order

conditions of equation (5) w.r.t R; and S;, respectively, yield

m_ L= F(OFF) )
Ri —TZRS)—FC and SZ —f(Tis)"—C (6)

By the definition of #*% given in equation (1), we have

s _ L 1= 2F(0R)

7(67) @)

In fact, the only 6% that satisfies the above equation is 0/*° = y, as the LHS of (7) increases
in 0/ and the RHS of (7) decreases in §/*°. Replacing 67% and 679 with p in (6) gives

m o_ Qm __ 1 14

The appendix derives the own- and cross-price elasticities for each of the three equilibria. A
comparison of the own-price elasticities in the mass and niche market equilibria prove relevant

to the future discussion. In the mass market case, the own-price elasticities to repeat and

oo . DE R D? Sm m m
2 J— 1 J— J—
switching customers, respectively, are ER;n = —WLC and ESZ_m = —ﬁ. Because R = S,
. . . . R"—
the firm’s market power in each segment—summarized by the Lerner index— is % In the
M

— %> and

. e . .. . DR
niche market equilibria, the own-price elasticity for repeat customers is Fp; =

there are no switching customers in equilibrium. The Lerner index for repeat consumers is,

hence, Mc_c. Because R < M, the market power of each firm in the niche market equilibrium
exceeds the market power in the mass market equilibrium.

Figure 4 illustrates the niche market equilibrium, Figure 5 illustrates the semi-niche market
equilibrium, and Figure 6 the mass market equilibrium for the p = 0 case. The horizontal line
in each figure is the expected value of switching to —i in the second period, (i — S* ;), where
k =n, s, m in the niche, semi-niche, and mass market equilibria, respectively.

Corollary 1 describes firm profits in each second-period equilibrium.

Corollary 1. In the second period,

13The semi-niche market is characterized by construction.

4 Observing in the mass market equilibrium that the willingness to pay of all switching customers is equal to
w, which is greater than M, shows that it is the competition between the two firms that leads to optimal prices
to repeat and switching customers being equal to each other at a level below M.
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e firm i’s profit in the niche market equilibrium consists of \im(M) from repeat consumers

and zero profit from switching consumers (of which there are none).

e firm i’s profit in the semi-niche market equilibrium consists of \iw(M) from repeat con-

sumers and A_;(pu — ¢)F (M) from switching consumers;

e firm i’s profit in the mass market equilibrium consists of ﬁ(’“) from repeat customers and

A o
<7~ Jrom SU)ZtChZ’/L consumers,
4f(u) f 9 ’

3.2 With Information Spillovers, i.e. p € (0,1)

In the presence of information spillovers, p € (0, 1), the three equilibria are as were shown earlier
in Figures 1 - 3. In none of these three equilibria is the new market fully covered. Because
consumer values for the products are positively correlated, a share of consumers always returns
to the outside option after trying one of the new products.

The earlier discussion showed that in the niche market equilibrium (Figure 1) we have
max (0% 9F9) = 95O and the second maximum in (5) equals zero. The optimal second-period
price to repeat customers is exactly the monopoly price, M, as it was when p = 0. The existence
of such an equilibrium, then, requires that the competitor cannot poach customers with a price
at least as large as marginal cost ¢. The sufficient and necessary condition for the equilibrium,
as given below by Lemma 2, guarantees that the competing firm cannot do so.

055 9RO) = 9F5 and the second maximum

In the mass market equilibrium (Figure 3), max(
in (5) takes the value of the non-zero term due to (9&5 > Hio, which is the profit from switching

customers. When a mass market equilibrium exists, we can derive the second-period equilibrium

12



prices by the first order approach:

(1= p)[L = F(6])]

B= ey e )
o =) [PR) — FO%0)]
T e e e o

By replacing i with —i in (9), we can solve for the unique R" and S™.'°

In the semi-niche market equilibrium (Figure 2), the probability of consumer switching
is zero. The marginal repeat consumer is indifferent between consuming in the new market
and taking the outside option and consumers with lower valuations strictly prefer the outside
option. We can obtain the price to repeat consumers in a semi-niche market equilibrium by

letting R = 0% = m in (8). Hence, m satisfies

e P)[E;)F(m)] te (10)

05 is indifferent between repeat

The price m ensures the marginal repeat consumer with
purchase and the outside option, due to 9135 —m = 0.9 On the other hand, we can construct
the price pm + (1 — p)p which ensures that the marginal repeat customer 9135 is indifferent
between switching and the outside option.'” There is, in fact, a continuum of semi-niche market
equilibria, and the equilibrium we just characterized is the one with the lowest price.

The value of the new product market, u determines which equilibrium applies. The relevant

ranges for each equilibrium when p € (0, 1) differ from the relevant ranges for when p = 0. All

equilibria are shown in Lemma 2.
Lemma 2. Suppose p € (0,1). In the second period, there exists:

e a niche market equilibrium where firm i charges R} = M (and any S} > ¢) if and only if

7

—p-M
€ (—oc, &2

e a continuum of semi-niche market equilibria where firm i charges any R} € [m, ] and

S? = pR; + (1 — p)p, where v € [m, M|, if and only if pn € (—o0, Cl%p;];

e o mass market equilibrium where firm i charges R} and S that satisfy (8)-(9) if and

only if ju € (5522, ).

15 Note that R7* — ¢ and S — ¢ when p — 1. This is consistent with the case where p = 1, discussed at the
end of Section 2.

16 According to the MHR condition, m is uniquely determined. Also, m = M when p = 0 and m < M when
p>0.

17 Because switching yields the marginal repeat customer [p&f”s + (1= p)u] = [pm + (1 — p)u] = 0.
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The sufficient and necessary condition for the existence of the mass market equilibrium
requires that the value of the new product market, u, is sufficiently high. We note that the
condition now differs from the standard definition of a mass market (Bergemann and Véalimaki,
2006; Ivanov, 2009), which requires p > 0 > %. We continue refer to the equilibrium as
the “mass market equilibrium” as in Section 3, because it shares the feature that the marginal
repeat consumer strictly prefers to stay in the new market rather than return to the outside
option.

According to the sufficient and necessary condition for the niche market equilibrium when

1—p-M/c
1-p

p € (0,1), we have u < ¢ - < ¢ < M, suggesting that the majority of customers (i.e.,

more than F(u) = % of consumers) leaves the market. Similarly, the sufficient and necessary

condition for the semi-niche market equilibrium when p € (0, 1) gives u < c- kf%Rj/c

<c< R},
again suggesting that the majority of customers leaves the market.

As in the p = 0 case, when p > 0, firms’ market power among repeat consumers is also
greater in the semi-niche than in the mass market equilibrium, and greater still in the niche
market equilibrium, because R[* < R; = R*. To see why, note that R* <m < R} < M = R},
where the first inequality is verified by the proof of Lemma 2. Firms’ market power among
switching customers is once more greatest in the mass market equilibrium. It is weakened in
the semi-niche and niche market equilibrium as there is no effective competition for switchers.

Figure 7 illustrates the range of i corresponding to each second period equilibrium for both

p = 0 (top half of figure) and p > 0 (lower half of figure). It is clear that the mass market

equilibrium exists for a larger range of u when p > 0 than when p = 0.

c M
— 50 ; ; o0

' !

I

: I

I

-
I
niche ! semi-niche mass
I
I
I
I
I
c—p-M c—p-m |
1—p 1-p !
-0 : : | 00
I
niche I~
/ mass
semi-niche

Figure 7: Relevant range of u for each second-period equilibrium when p = 0 (above) and
when p > 0 (below).

Another important observation is that firms actively compete for switchers only in the mass
market equilibrium when p > 0, whereas they compete for switchers in both the mass and semi-
niche market equilibrium when p = 0. As illustrated by Figure 7, the mass market equilibrium

when p > 0 exists for a larger range of y than the range for the mass and semi-niche market

14



equilibrium when p = 0. This suggests that firms compete more intensively for switchers in the

second period when consumer valuations are positively correlated because they cannot secure

a monopoly position in repeat consumer market for p € (52 ;”,c) when p > 0, unlike when

p = 0. Corollary 2 below further illustrates that firms encounter more intensive second-period

competition in the market of their existing customers when p > 0 than when p = 0.

Corollary 2. Denote by R,—o and R,~q the prices to repeat consumers in the mass and semi-
niche market equilibria given by Lemma 1 and 2, respectively. Then, it holds for all p > c that

Rp>o < Rp:o.

Proof. When p > M, firms compete in the mass market equilibrium in both p = 0 and p > 0

settings. Hence, R,—o = ﬁ(“) +c¢, while R,~¢ is given by (8). Since 055 > 11 in the mass market

when p > 0 due to R* > S/, we have

(1= p)ll — F(O7)] 1-p 1 _
F(675) +c<m+c<m+C—R9:0.

Rp>0 =

When p € [¢, M], firms compete in the semi-niche market equilibrium if p = 0 but mass
market equilibrium if p > 0. Since the proof of Lemma 2 has shown that R,~q < m, we know

that Ry~o < M = R,—o due to m < M. ]

Lemma 2 allows us to compare the second-period prices offered to repeat and switching

consumers.

Corollary 3. In the mass market equilibrium when p € (0,1), R® > ST"; in the semi-niche

market equilibrium, R; > S;.

Proof of Corollary 3. The first part is shown in the proof of Lemma 2, step 1. The second part

c—p-L C—P'Rf
1—-p < 1-p

p- R+ (1=ppu<c O

is due to R} > m > ¢ > S7, where the last inequality is due to p < , hence,

Corollary 3 illustrates that firm ¢ price discriminates against their repeat consumers in the
mass equilibrium when p € (0, 1), unlike when p = 0 where firms set the same price for both
groups. Repeat consumers have learned that their value for good ¢ is high enough to prevent
switching to the untried product.

Note also that both the prices in the mass market equilibrium with p > 0 converge to those

with p = 0.

Corollary 4. lim, .o R* = lim, o S;" = % + c.
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Proof. When p > 0, we have S < u. Hence, Gi-o — —oo when p — 0, suggesting 57" —

RS _(pRS

I;((ZE,;*)) + c. On the other hand, R* — % + ¢. Then, 6% = ;i must hold because

08 =+ Rg’;:i’_"i only holds when 6/* = ;. This implies that lim, o R = lim, o S =
1

2fG T O

Corollary 4 states that the mass market equilibrium prices in the p € (0,1) setting converge
to the mass market equilibrium prices in the p = 0 setting. In Section 6, it will become clear
that the p = 0 setting is a special case of p < 0 as all equilibrium choices in the former can be
obtained by setting p = 0 in the equilibrium choices in the latter.

The appendix derives the own- and cross-price elasticities for repeat and switching consumer
demand in each of the three equilibria. As for the p = 0 case, a comparison between the mass
and niche market cases is insightful. In the mass market case, the own-price elasticities to

o 1 . DE R D? Sm
repeat and switching customers, respectively, are Epn = —mm—; and Fgn = —gm— . Because
7 4 7 i

R™ > S™ when p € (0,1) (Corollary 3), the Lerner index measure of market power, R?; . is

always greater in the repeat consumer market segment than in the switching consumer segment,
@. Prices and market power in both consumer segments vary with p and converge in both
the lim,_,o (Corollary 4) and when p = 1. As in the p = 0 case, market power and markups are
always greater in the niche market equilibrium than in the mass market equilibrium.

The relationships between p and market power in each consumer segment reflect the trade-off

arising from the fact that p determines the extent of competition between the two products and

also the information that consumers use to derive expected value for the rival product. In the

. 1l . .. . DE M .
niche market equilibria, the own-price elasticity for repeat consumers is F be = —7—c> Which
M—c

(&

gives a Lerner index of , and there are no switching customers in equilibrium. The firm
always has greater market power in the niche market than in the mass market, and markups in
the niche market equilibrium are independent of p.

Of particular interest is the mass market equilibrium second-period profit from repeat con-
sumers and switching consumers because their relative magnitude determines the intensity of

first-period price competition. The second-period profits each firm can make from repeat cus-

tomers and switching consumers are given, respectively, by:'®

1— p)[1 — F(6F5))2
cBm ( p);(eﬁs)(z )l (11)
sm _ L= p)F(O5F) — F(6°7)) 12)
L pfOB) + (1 p)f(659)

Recall that when p = 0, R* = S" and the profits from repeat and switching customers are

18 Section 5 provides numerical examples for the mass market equilibrium with p > 0.
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equal. When p € (0,1), however, although R]® > SI", the relative magnitudes of the profits
from repeat and switching customers in the mass market equilibrium cannot be ordered, and
depend on demand-related parameters, including p. Note, however, that both profits converge

to zero as p converges to 1.
Corollary 5. In the second period with p € (0,1),
e firm i’s profit in the niche market equilibrium is given by \jw(M);

e firm i’s profit in the semi-niche market equilibrium is given by \mw(R;), where R} €

[m, M];

e firm i’s profit in the mass market equilibrium consists of )\Z'ﬂ'sz from repeat consumers

and )\_mism from switching consumers.

4 Sub-game perfect equilibria of the two-stage pricing game

with p > 0

Consumers make their first-period choice between the two goods and the outside option by
comparing the following consumer surplus for ¢ = A, B and zero, given second-period equilibrium

prices R € {R]", R}, R} and S*, € {S™,5°,, 5", }:

() —1

CSp>0 = (1 — i) + 0 (z — R})dF(z)
N—— maX(OfS,HZRO)

consumer surplus from trying 4

~
consumer surplus from sticking with ¢
RS
0;

+ 6 max (0,/{950 [E(6—i|lx) — S*,] dF(x)> :

k3

consumer surplus from switching to —i or to the outside option

and where p; € {p/",p;,pl'} is the first-period price depending on whether the second-period
equilibrium is mass, niche, or semi-niche.

If the consumer surplus from purchasing good i is greater than from good —i, then firm
i’s first period market share \; = 1. If the surplus from purchasing the goods is the same,
then \; € [0,1]. Otherwise, \; = 0. Equation (5) shows how \; affects firm i’s second-period
profit. Note that the second-period prices in each of the three equilibria are independent of \;,
and the threshold cutoff values for switching and exiting given in Definitions (1) to (3) are also

independent of \;.
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4.1 No information spillovers, i.e. p =10

The niche market equilibrium applies for all new product markets that are minor innovations,
i.e., whenever u < ¢, according to Lemma 1. In these markets, first-period prices are such that

firms make no profits.

Proposition 1 (Zero profit equilibrium). Suppose p —c < 0 and p = 0. If and only if p €
[c—0-SS(M),c), there exists an equilibrium in which firm i € {A, B} makes zero profit by
charging p}! = ¢ — dn(M) in the first period and charging R} = M, S} > c in the second-period

niche market equilibrium given by Lemma 1.

When p—c is sufficiently low, none of the consumers find it worthwhile to switch even though
each firm charges the monopoly price to its repeat purchasers. Firms therefore compete intensely
in the first period for market share. They discount the first-period price below marginal cost
to the point where they make a loss in the first period that exactly offsets second-period profits
and make zero profits overall.!? The lower bound of innovation value —d - SS(M) guarantees
that consumer surplus C'S,> is non-negative. Note also that since buying only in the second
period yields a consumer surplus of p — S < 0—assuming firms treat any new consumers as
switchers regardless of whether they switch from the old technology or the rival good— all
consumers purchase in the first period.

In contrast, firms make positive profits whenever the second-period equilibrium is either
the mass market or the semi-niche market equilibria. According to Lemma 1, one of these
equilibria apply when the new product market is sufficiently valuable, that is, it represents a
major innovation, with u > ¢. We characterize the relevant first-period equilibrium and provide

sufficient and necessary conditions for its existence in Proposition 2.
Proposition 2 (Positive profit equilibria). When yu—c¢ >0 and p = 0:

e if and only if u > M, there exists an equilibrium in which firm i € {A, B} makes a profit
of %(u) > 0 by charging p;* = c in the first period and charging R}"* = ST"* = #(u) +c in

the second-period mass market equilibrium given by Lemma 1;

e if and only if c < pu < M, there exists an equilibrium in which firm i € {A, B} makes
a profit of 6(u — ¢)F(M) > 0 by charging p; = ¢ — §[n(M) — (1 — ¢)F(M)] in the first

19Tn such an equilibrium, consumers obtain all the social surplus. This is precisely why the existence of the
equilibrium requires u > ¢ — ¢ - SS(M). The condition is equivalent to (u — ¢) + & - SS(M) > 0, in which the
first term on the LHS is the social surplus from the first-period and the second term is discounted social surplus
from the second-period. Since firms make zero profit in the equilibrium, according to the proposition, consumer
surplus equals total social surplus, i.e., the LHS of the condition. The condition thus guarantees consumer surplus
is non-negative which is necessary for the equilibrium to exist.
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period and charging R; = M, S} = 1 in the second-period semi-niche market equilibrium

given by Lemma 1.

In both these cases, the intensity of first-period price competition is determined by the
relative profits from selling to switching and repeat customers in the second period. When the
equilibrium features the semi-niche equilibrium in the second period, according to Corollary 1,
firms earn greater profit from repeat customers, and therefore set a first-period price lower than
the marginal cost ¢, but not low enough to offset all their future profits. When the equilibrium
features the mass market equilibrium in the second period, firms make exactly the same profit
from repeat and switching consumers in the second period, as shown in Corollary 1. Neither
firm is willing to discount the price below marginal cost in the first period to attract customers
to earn profit in the future. The first-period resembles Bertrand competition and firms set a

first-period price that equals the marginal cost c.

4.2 With Information Spillovers, i.e. p € (0,1)

When the relevant second-period equilibrium is either the niche or semi-niche equilibrium, which
apply when the new market value is low, as shown in Lemma 2, firms make zero profits in the

two-stage pricing game. Proposition 3 below shows this result.

Proposition 3 (Zero profit equilibria). When p € (0,1):

e if and only if u € [c —0-SS(M), CIﬁ'j}”), there exists an equilibrium in which firm i =
A, B makes a profit of zero by charging p]' = ¢ — dmw(M) in the first period and charging

R} = M, S}* > c in the second-period niche market equilibrium given by Lemma 2;

e if and only if u € [c— d-S5S(), Cl__p;}, where v € [m, M], there exists a continuum of
equilibria in which firm i = A, B makes a profit of zero by charging p; = c¢—dm(Rf) in the
first period and charging R{ € [m, ], S? = pR; + (1 — p)p in the second-period semi-niche

market equilibria given by Lemma 2.

In Proposition 3, the lower bounds of the sufficient and necessary conditions for the equi-
libria, i.e. ¢ —6-S5S(M) and ¢ — d - SS(¢), ensure that the consumer surplus over the two

periods is non-negative. For the second equilibrium, observe that ¢ — ¢ - SS(1) is increasing

in ¢, whereas T2+

is decreasing in . When + = M, there exists a continuum of equilibria in

which the second-period price R} takes any value in [m, M] and S? = pR; + (1 — p)p, if and

only if p € [c —6-SS(M), =2 'éVI . This range of u coincides with the sufficient and necessary
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condition for the first equilibrium. Hence, both equilibria exist in such an interval and yield
profits of zero.

We now turn to the mass market equilibrium when p € (0, 1), which Lemma 2 shows applies
for a large range of new market values, for some minor innovations, as well as for all major
innovations. The following proposition shows that firms make positive profits in the two-stage

pricing game whenever the mass market equilibrium applies in the second period when p € (0, 1).

Proposition 4 (Positive profit equilibrium). Suppose p € (0,1). If and only if

[ > max (c —3(88™ — 277™) + max (0,5(u — SM)), Cff';n), there exists an equilibrium in which

firmi = A, B makes a profit of 57r;sm > 0 by charging p]* = c—06 (7TZ-Rm — me) in the first period

m

and charging R;
7™ are given by (8), (9), (11), and (12), respectively, and

1

, 87" in the second-period mass market equilibrium, where R?,SF,W?m, and

RS
91'

ssm = /900 (x — ¢)dF(z) + / (B(0i]a) — d] dF (x). (13)

RS SO
i 61’

Proposition 4 shows that the value of the innovation must be sufficiently large to guarantee
the existence of a profitable equilibrium. However, when p < ¢ and SS™ > 27rism hold, then
c—6(S8™ — 27P™) + +max (0,6( — S™)) < ¢, which implies that firms make positive profits
even in some new markets where the value for the average consumer is below marginal cost,
that is, for some minor innovations. However, when p = 0, there are switching consumers and,

hence, positive profits only for major innovations.

Corollary 6. If p € (p,1), a mass market equilibrium exists for minor innovations u €
[max (c — - (S8™ — 275m), %) ,c), where p = sup{p|SS™ = 27°™} and p = 0 if SS™ >
275™ for all p € (0,1].

Proof. Given that u < ¢, we have max (0,5(u — S)) = 0. When SS™ < 275™ the sufficient
and necessary condition in Proposition 4 reduces to u > ¢ — §(SS™ — 27rz-sm). However, our
discussion for the p = 1 case in Section 2, as well as the fact that 7rism converges to zero as
p approaching 1, imply that for p sufficiently close to 1, it must be true that SS™ > 27rfm.
Therefore, as long as the correlation p is no less than the highest p such that SS™ = 27rfm,
i.e., p = sup{p|SS™ = 277}, we must have max (c — - (88™ — 21, %) < ¢, which

suggests some minor innovations enable firms to make positive profits. O

Proposition 4 reinforces the general finding that the intensity of first-period price competition

depends on the relative profitability repeat and switching consumers in the second period. When
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the mass market equilibrium applies in the second period and p € (0, 1), these profits are given
in equations (11) and (12), respectively. First period prices can be below, above, or equal to
marginal cost.

Figure 8 presents a numerical simulation for model parameters that produce a mass market
second-period equilibrium and where there are information spillovers, i.e. p € (0,1). The left
hand side panel plots second-period profits from repeat and switching consumers and shows
that the latter exceed the former at lower values of p. The right hand side panel plots the
first-period price relative to the marginal cost of zero. For values of p where the profits from
switching consumers exceed those from repeat consumers, first-period price exceeds marginal

cost. Therefore in this numerical simulation, for lower values of p in p € (0,1), firms make

rho ; ’ ; . rho

pi"Rm pirSm ‘ ‘ zero ‘

Figure 8: For lower values of p and p > 0, we have 7TZ-Rm < ﬂ'?m and hence, p" > ¢, where

=0 =0.5and c=0. Note that R]" > S/" still holds.

positive profits in both the first and second periods.

5 Discussion of the role of information spillovers

5.1 Information spillovers allow firms to make profits in less-valuable new

product markets.

Our equilibrium analysis shows that the presence of positive information spillovers, p € (0,1),
increases the range of new market values over which firms make profits. The comparative
statics with respect to innovation value, based on our analysis given in Propositions 1 - 4, are
summarized in Figure 9, which extends Figure 7 to reflect the cutoffs for the two-period game.

The figure has two parts, and in each case the axis varies p holding ¢ constant. The top
half of the figure considers the case of p = 0, and provides the intervals of p that are sufficient
and necessary for the existence of equilibria, showing also the second-period equilibria for the

relevant range. The lower half of the figure does the same for when p > 0. Note that we focus
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on the situation illustrated by Corollary 6, i.e., p € (p,1). Our discussion following Figure 9

applies to all p > 0.

c—38-5SS(M) ¢ M
I 1 3 00
! |
~ A ‘
: niche | semi-niche mass
l c—0(S8™ — 27r2-s'”) !
: c—p-M : c—pm :
c—0-85(m) ! — ! e !
: : : : : : 00
| H/—/ |
| niche ~

I
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Figure 9: Equilibrium and innovation: on top is the range of innovation u corresponding to
different equilibria for p = 0 and below for p € (p, 1).

Two aspects of Figure 9 merit particular focus. First, relating to the far left hand side
of both halves of the figure, when p € [c — 0 - SS(m),c — 6 - SS(M)] if p > 0, there exist
some semi-niche market equilibria only if p > 0. No equilibrium exists for this range of p in
which firms enter the market in the first period if p = 0. Hence, positive spillovers ensure an
equilibrium exists for these minor innovations. Second, we turn to minor innovations where
p € (max(c — §(SS™ — 27™), %), 0). Recall from Corollary 6 that the lower bound of the
condition is below zero when p € (p,1). These innovations yield positive profits for the firms
only when there are positive information spillovers. This can be seen by noting that firms earn
positive profits in mass market equilibria, but zero profits in niche market equilibria. Comparing
the top and bottom part of the figure reveals how mass market equilibria result over an interval
of innovation values with a smaller lower bound when p € (p, 1).

Figure 10 plots firms’ profit as a function of p, when the marginal cost is fixed at ¢ = 0.5.
The blue line is each firm’s profit when p > 0 (in this case p is fixed at 0.5) and the red line is
the profit when p = 0. Here, minor innovations with y € (max(c — §(SS™ — 277™), %), ¢)

correspond to p € [0.2,0.5]. When p lies below ¢ = 0.5, firms make positive profits only if p > 0.

5.2 Switching consumers guarantee firm profits.

Our analysis so far illustrates that each firm’s total discounted profit in the game can never be
more than the profit the firm would make if it had zero market share in the first period and its
competitor had a market share of one. To see why, recall from Propositions 1 to 4 that firms
make zero profit over the two periods if no consumers switch in the second-period equilibrium.
In all equilibria where firms make profits, the equilibrium first-period price is low enough that

the cost of gaining market share in the first period is equal to the relative profitability of a
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Figure 10: An example with ¢ = 0 = p = 0.5. Each firm’s profit given p > 0 (blue) is positive
when g is less than ¢ = 0.5, whereas the profit given p = 0 (red) is zero when p — ¢ < 0.

repeat consumer in the second period compared to a switching consumer.

Theorem 1 below shows that this intuition applies in general to any symmetric equilibrium
in the game for all p € [—1, 1], regardless of the form of equilibrium in the second period.

Let \;w™* be firm ’s second-period profit from repeat consumers and A_;7%* be firm i’s

second-period profit from switching consumers in any symmetric equilibrium.

Theorem 1. For any p € [—1,1], firm i’s first period price in any symmetric equilibrium with
any market share \; € [0,1] is given by p* = ¢ — 6(7™ — %) and its profit in the two-stage

pricing game is given by dm°*.

Proof. Since the goods are ex ante homogeneous from the consumers’ perspective and we focus
on symmetric equilibria, they purchase the cheaper product in the first period. Suppose 7/* >
7%, that is, firm ¢ benefits from increasing first-period market share. Then, both firms compete
for first period market share by lowering the first period price.

If firm ¢ deviates by charging a slightly lower price than p*, it then gains all the rival firm’s
market share A\_; and incurs a cost of A_;(¢ — p*) in the first period. Since the share A_;
of consumers are now firm 4’s repeat consumers in the second period, it makes an additional
profit from repeat consumers, A_;7%* but forgoes the profit that it would have made from
switching consumers, A_;m%*. In other words, the net benefit in the second period is given by
A_i(m® — 75%). Since p* = ¢ — §(x* — 75%), and hence, A_;(c — p*) = dA_;(7f* — 75%), the
cost equals the discounted benefit. The deviation is thus not profitable.

If firm ¢ deviates by charging a higher price than p*, it gives up A; market share to the

rival firm. Hence, its first-period profit increases by A;(c — p*), as it avoids this loss. In the
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second period, it makes an additional profit from switching consumers, A;7°*, but forgoes any
profit from repeat consumers, \;7*. Hence, the net loss in the second period is given by
i (¥ — 9%, Since p* = ¢ — §(7™* — 79%), we know that the first-period benefit is equal to
the second-period loss. The deviation is thus not profitable.

In fact, the above proof for the case when w** > 75* also applies to 7/ < 7%, In this case,
firms compete for a smaller first-period market share by increasing the first-period price up to
a point where the additional profit earned in the first period is balanced by the additional loss
in the second period. Note that in this case, p* > c.

The proof so far applies to any A; € [0, 1] such that \; + A_; = 1. This means that it is not
profitable for a firm to deviate by selling only in the second period while the rival firm sells in
both periods. In such a situation, the firm makes a profit of §7°* which equals the equilibrium
profit. Alternatively, when the rival firm sells only in the second period, firm ¢ makes zero profit
by selling only in the second period. Therefore, selling only in the second period is weakly
dominated by selling in both periods.

To calculate firm 4’s profit, substituting for p* in the profit function gives:

T = MN(p* — ) + SOt + A_m) = on5*, (14)

P =

Hence, each firm’s profit in the two-stage pricing game in any symmetric equilibrium is equal
to the discounted second-period profit it would earn had it had zero market share in the first

period. ]

The proof of Theorem 1 relies on the following simple derivations. If firm ¢ deviated to a
lower price, it would capture the rival firm’s share A_;. It then makes an additional profit from
this share of (repeat) consumers, but has to give up profit from switching consumers whose
share is exactly A_;. The price p* given in the theorem balances the first-period incremental
profit and the discounted second-period incremental profit. In any symmetric equilibrium with
any \;, firm ¢’s profit in the whole game is given by \;(p* —¢) + ¢ ()\Z'ﬂ'R* + /\_ms*) = oo,
Note that the first-period price depends on the relative magnitude of profits from repeat and
switching consumers.

Further intuition for Theorem 1 comes from a comparison to the monopoly case, where it
does not apply. In the mass market equilibrium and over a large range of parameter values in
the niche and semi-niche equilibria, the monopolist earns profits by setting all prices at least as
high as in the duopoly case. In duopoly, the second-period differential profits from repeat rather

than switching consumers are competed away via low first-period price, and this mechanism

24



is missing in the monopoly case. First-period prices need to be low enough only to ensure all
consumers purchase in the first period. The monopolists’ total profits are not therefore limited
to an amount equivalent to the surplus it could extract from switching consumers.

Theorem 1 does, however, generalize to other demand structures such as the binary consumer
type duopoly case, where consumers have either a high or low value for both products.?’ Section
6 will show that firms can always make a positive profit in the continuous consumer type case
studied here in any market equilibrium when p < 0. This is due to the fact there are always

some consumers who switch brand in the second period in this setting and Theorem 1 applies.

5.3 Profits increase in p for some range of p € (0,1).

Comparative statics regarding profits, consumer surplus, and social surplus with respect to p
are shown here in a numerical example with ¢ = ¢ = p = 0.5. The focus is on the mass
market equilibrium when p > 0, where profit is calculated in equation (12) and social surplus is
calculated in equation (13). The consumer surplus is the difference between the social surplus

and twice the profits (since there are two firms). The top panel of Figure 11 shows that the
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Figure 11: An example of profit, consumer surplus, and social surplus as a function of p in the
equilibrium followed by a mass market equilibrium, where ¢ = 0 = p = 0.5.

20An analysis of this case is available on request from the authors.
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profit firms make in the mass market equilibrium can be a non-monotonic function of p. With
the chosen values of ¢, o, and u, profit is maximized at around p = 0.6.

Theorem 1 tells us that any differential profit earned from repeat consumers over profit
from switching consumers is offset by first-period losses. Therefore, if total profits increase
over a range of p, it must be that profits from switching consumers are increasing over that
range. Because p measures information spillovers as well as the degree of substitutability be-
tween products, it has two opposing effects on each firm’s profits from switching consumers.
Products become closer substitutes, and so prices and profits decrease in p. However, because
consumers are now better informed about their value for competing products, the mass of
switching consumers at equilibrium prices S;" < R]" can be increasing in p. When the sec-
ond effect dominates, total firm profits are increasing in p, and closer competition allows both
firms to make greater profits. The trade off of these two effects is summarized in the top right
hand side panel of the figure, presenting the Lerner Index for switchers, that is, the percentage
markup over marginal cost that is charged to them, % Because the markup to repeat con-
sumers, which is monotonically decreasing in p is always offset by lower first-period prices, the
non-monotonic markup to switchers delivers the non-monotonic overall profit function shown
in the top left panel.

A comparison to the binary consumer type mass market equilibrium case helps illustrate
how the non-monotonicity in profits arises in the continuous-type case. In the binary mass
market case, a consumer’s conditional expectation of 6; after a bad experience with ¢ is always
decreasing in p meaning that switching demand becomes less elastic in p. In the continuous
type mass market case, because some consumers leave the market after a bad experience, the
conditional expectation of §; amongst potential switchers is always increasing in p, leading to
increasing markups over some range.

The bottom left panel of Figure 11 shows that the consumer surplus over the two periods
is U-shaped. Social surplus, given in the bottom right panel of Figure 11, has an inverse U
shape, similar to firms’ profits. Although the profit, consumer surplus, and social surplus are
not necessarily U-shaped or inverse U-shaped, in general, it is true that profits increase and

consumer surplus decrease in p over some range of p.

6 Negative information spillovers, p € [—1,0)

When p is negative, information spillovers between new goods allow consumers to learn from
a bad experience that they are likely to have a high valuation for the untried product. Since

our interest is in competition between similar products and an outside option, this case is less
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relevant. Nonetheless, it is still useful to understand the equilibrium behavior in the negative
correlation setting because the case of no information spillover setting (p = 0) analyzed in
Section 3 is a special case of the equilibrium with p € [-1,0).

Theorem 1 is shown to also apply over this range of p, and some interesting contrasts emerge
in comparing equilibria. Whereas when p € (0, 1), the mass market led to price discrimination in
the second period, and created the possibility of first-period profits, the mass market equilibrium
when p € [—1,0] generalizes the findings for p = 0 that the prices to repeat and switching
consumers are equal, the market is split equally between these consumer segments, profits are
equal for each segment, and first-period price is always equal to marginal cost. That is, there is
Bertrand competition in the first period, and no dynamic pricing interdependencies, whenever
there is a mass market equilibrium.

It is in the niche and semi-niche equilibria when p € [—1,0] that firms price discriminate
and make profit from switching consumers. The relative profitability of repeat and switching
consumers determines the intensity of first-period price competition in ways that are similar to
the mass market equilibrium outcomes for p € (0, 1).

We use backward induction to characterize the sub-game perfect equilibrium of the game

for this case as well, and start by characterizing the second-period equilibria.

6.1 Second-period equilibria

In the second period, there are again three forms of equilibria: a niche market equilibrium,
illustrated in Figure 12, where some customers leave the market; a mass market equilibrium,
illustrated in Figure 14, where no customers leave the market; and a semi-niche equilibrium,
illustrated in Figure 13, where the marginal repeat consumer is indifferent between repeat
buying, switching, or leaving the market. In each of these figures, observe that the expected
value of consuming —i in the second period is negatively sloped. Note that the new market is
fully covered in the mass and semi-niche market equilibria when p € [—1,0] in contrast to these
equilibria when p € (0,1).

Accordingly, firm i’s second-period profit can be written as:

+o0 min(@ﬁis,@f?)
max(9*5 ,0FO) —00
profit from repeat customers profit from switching customers

In a niche market equilibrium, we have max (67, 519) = 95 and min(679, 999) = 659 in (15).
In a semi-niche market equilibrium, GZRO = 9?3 = giSO in (15). In a mass market equilibrium,

we have max(0/*%, 08°) = 075 and min(67F099) = 7% in (15).
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Figure 12: Niche market Figure 13: Semi-niche market Figure 14: Mass market

equilibrium, where R}' = M equilibrium, where R}, S?, equilibrium, where R[" =

and S™, = S, given by (17). satisfies (18) and (19) S™ = (1—-p)/[2f(n)] +c.

The prices in the niche market equilibrium can be characterized by the first order approach:

1— F(M)

R} = MEW—FC, (16)
. pF (550)

S = S=——"+c (17)
f (950)

where 650 = @. Note that we drop the subscript in (17) as the price and the cutoff

type are independent of i and that S > cas p < 0. The equilibrium prices in the mass market
equilibrium can also be characterized by first order conditions with respect to prices. The

semi-niche market equilibria are characterized by construction.
Lemma 3. Suppose p € [—1,0). Then in the second period:

e if and only if M > 550, there exists a niche market equilibrium with prices given by (16)
and (17).

e if and only if m > pand M < 5507 there exists a continuum of semi-niche market

equilibria with prices satisfying
5% = pR; + (1= p)u, (18)
and

max(M, 1) < R < min(m, 8°°); (19)
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e if and only if m < u, there exists a mass market equilibrium with prices

1
R"=8"=——+c¢ (20)

In the niche market equilibrium characterized in Lemma 3, firms charge the monopoly price
M to their repeat customers and make the monopoly profit (M ). This is the same as in the

p = 0 setting.
Corollary 7. Suppose p € [—1,0). In the second period,

e in the niche market equilibrium, the prices satisfy R' = M > S;' = §, where the equality

is true only when p = —1;

e in the semi-niche market equilibrium, the prices satisfy R > S;.

Lemma 3 also shows that in the mass market equilibrium, as when p = 0, firms charge the
same price to repeat and switching customers despite having the option to price discriminate
based on purchasing history. By (1), this gives GiRS = p. These observations are perfectly
consistent with the mass market equilibrium with p = 0. In fact, the equilibrium prices given
in Lemma 3 and the second-period profit of a firm in the mass market equilibrium, 120 are

4f(m)°
equal to the corresponding terms in Lemma 1 by setting p = 0.

6.2 Sub-game perfect equilibrium of the two-stage pricing game

Consumers purchase good 7 in the first period if and only if the relevant sum of the surplus
in the first period and the anticipated surplus in the second period is greater than the sum of
surpluses from choosing —i and zero. The consumer surplus from purchasing good i in the first

period is thus given by:

(4 — o) + o /m o (x — RY)dF(z)

consumer surplus from trying ¢

consumer surplus from sticking with ¢

min(BiSO,GZRS)
+ 6 / [E(6_|z) — S*;] dF (), (21)

—00

consumer surplus from switching to —i or to the outside option

where R} € {R™, RS, R'}, and SF € {S", S, 51},

Since, according to Lemma 3, firms make the same second-period profit from repeat and

switching customers in the mass market equilibrium, they compete in the first period as in
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Bertrand competition. Hence, their first-period prices are equal to the marginal cost. This
observation is similar to the positive correlation setting with the mass market equilibrium in
the second period.

However, firms also make positive profits in the semi-niche and the niche market equilibra in
the second period when consumer values are negatively correlated, whereas they make zero profit
in these equilibria when values are positively correlated. This is again due to the observation
that firms’ market power arises from the ability to poach the competitor’s customers and the
fact that, according to Lemma 3, firms always make a positive profit from switching customers

in the second period when the correlation is negative.
Proposition 5. When p < 0:
o if and only if M > 65° and p € [c—6(SS™ — 277™) + max(0, §(n—S)),00), there exists an
equilibrium where firm i makes a profit of 672" > 0 by charging p? = ¢ — §(7(M) — 7™)

in the first period and R}, S! as given by (16) and (17) in the second-period niche market

7

equilibrium, where

SSs" = /MOO (x —c)dF(x) + /_io [E(0_i|z) — ] dF(z),
o 7pF (550)2
v ¥ (530) '

e if and only if M < 65° and p € [c — 0(88% — 277%) + max(0,6(u — SF)),m], there
exists a continuum of equilibria where firm i makes a profit of 57@58 > 0 by charging
pf = c— 0[m(RS) — 7% in the first period and S§, R satisfying (18) in the second-period
semi-niche market equilibria, where

K

5S¢ = /I:(x —¢)dF(x) +/ l [E(0_|x) — ] dF(x),

W%SS — [pr + (1 — p),u, — C] F(Rf)7

max (M, u) < R; < min (m, §SO> ;

e if and only if u € [m,0), there exists an equilibrium where firm i makes a profit of

54(}(:5) > 0 by charging p* = c in the first period and R]*,S[" as given by (20) in the

second-period mass market equilibrium;

According to Theorem 1, firms make positive profits in the two-stage pricing game whenever

there are switchers in the second period. With negative information spillovers, consumers do
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not leave the market after a bad experience as they expect to have high a valuation for the
untried product. Hence, they switch to that product. Those who choose to leave the market
in the second period, if any, are the consumers with intermediate valuations for the good they
have tried. Therefore, since a positive mass of consumers switch products in the second period
in all equilibria with p € [—1,0), firms always make positive profits in this case.

As before, the relative profitability of switching consumers determines how intensely firms
compete for market share in the first period. In the mass market case here, as when p € (0, 1),
switching and repeat customers are equally profitable. This breaks the link between first and
second period competition and firms compete a la Bertrand in the first period, setting price

equal to marginal cost.

7 Conclusion

This paper analyzes competition in duopoly new goods markets where demand has a novel
feature: consumption is informative about a consumer’s value for other similar goods as well
for the trialed good. This extends the definition of experience goods in Nelson (1970) to include
within-consumer information spillovers from consumption. Information spills over when the
new products are partial substitutes, that is, when a consumer’s values for the two goods are
positively correlated.

One surprising result is that such information spillovers allow firms to make positive profits
in markets where the value of the market over pre-existing consumer alternatives is relatively
low. If consumer values were uncorrelated, firms would be unable to make positive profits.

The mechanism is that informative consumption experiences allow each firm to segment
experienced consumer demand into their own repeat consumers and the consumers who switch
to them after trialling the rival product. Firms are able to price discriminate between segments.
Because firms compete in first-period prices for repeat consumers, anticipating the presence of
profitable switchers serves to soften dynamic price competition between the two firms. In
some cases, switching consumers are more profitable than repeat consumers, in which case the
equilibrium first-period price exceeds marginal cost. In these cases, firms make profits in both
periods.

This paper shows that understanding how consumer choices respond to new products being
imperfect substitutes is important for welfare analysis of different market structures. A sec-
ond surprising result shown here is that consumer surplus can be increasing, and firm profit

decreasing, in the degree of product differentiation.
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Appendix: Proofs

Proof of Lemma 1. We consider each equilibrium in turn:

Step 1: Niche market equilibrium

In the niche market equilibrium, there are no switching customers. Each firm finds it optimal
to charge the monopoly price M to its repeat customers. Suppose firm —i charges a price S_; > ¢
to the customers of firm 4. Then, the type 6; = M has a surplus of p — S_; < p — c if she
switches to —i. Then, a sufficient condition for the existence of the niche market equilibrium
is that u < ¢, as type 6; = M and all types with higher valuations must find it unprofitable to
switch. Firm —¢ makes zero profit from i’s market in such an equilibrium, and deviating to any
price below c¢ is not profitable.

Now we turn to necessity. Suppose the niche market equilibrium exists, then the customer
with 8; = M must find it unprofitable to switch to good —i, i.e., p —S5_; < 8; — M = 0 for any

S_; > ¢, which implies that pu < c.

Step 2: Semi-niche market equilibrium

Firm i makes monopoly profit in its own market and firm —i makes a profit of (u — c¢)F (M)
in firm ¢’s market. Since firm —¢ charges price u, any customers of firm ¢ have a surplus of zero
— equals the outside option — should they switch to firm —i. Hence, charging the monopoly
price M must be optimal for firm 4.

According to the sufficient condition 1 > ¢, firm —i makes non-negative profits. Firm —i¢
cannot make greater profits from increasing the price as then no customers from firm ¢ would
switch. Suppose firm —i decreases the price to S < u, then its profit from customers from firm

1 is given by

u+M-—S
/ (S — )dF(x) = (S — ) F (u+ M — S).

—0o0

By the first order derivative w.r.t S:

fp+M-S)
F M—-5)—(5— M-8)=F M — 1—(S—c¢)—F————"2+=
(14 M = ) = (S =) (M =) = F M =8) |1 ~(8 = ) L=
we can find the optimal deviation price S* given by
F(p+ M—S*)
S* = +ec. 22
fp+M—S%) e

The monotone hazard rate property of the normal distribution guarantees that the above solu-
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tion is indeed the profit maximizer. Suppose S* < p, then

. F(M) 1
200 7 25

+c2zp,

where the second and last inequalities are due to the sufficient condition M > p. A contradiction
to 8" < p. Thus, any deviation S < g must be not more profitable for firm —¢ than charging
S7 = p. Alternatively, any deviation S > p will not attract any switchers and hence, is
dominated by charging pu.

Now we turn to necessity. Given that the semi-niche equilibrium exists, it must be true that
1 > ¢ as otherwise firm —i prefers to deviate to a higher price to avoid a loss. To prove that
i < M is also a necessary condition, suppose yu > M. The fact that S = p in equilibrium
implies that S* > p, where S* is given by (22). Otherwise, firm ¢ would prefer a price lower
than p. But then S* > p implies that

F(M)

S Fon TN 2

+c < .

A contradiction. Thus, S* < p when p > M, which implies that charging p is not optimal for

firm —¢. This then contradicts the existence of the equilibrium.

Step 3: Mass market equilibrium

For the mass market equilibrium, firm 4’s profit function is given by:

oRS

—1

(Ri - C) Y /0+OO dF(@z) + (SZ - C) . A_i/ dF(Q_Z'),

s o0
Hence, the prices in the second period must satisfy the following by the first order approach:

F(0%9
+c¢ and S{”—M%—c. (23)

m 1- F(ezRS)
i = ()

T FeRd)

We can find the cutoff types for any A;:

1 —2F(0F%)
grRsS _ =R _gm — =" i/
7 lu 7 —1 f(HFS)
hence,
RS 1 —2F(0]*%)
A =y

1-2F(0]*%)

RS
Suppose 6;*> < u, then Gl

> (0 and hence the RHS of (24) must be greater than p, which
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1-2F(0F9)
F07%)
be less than p. This means that it must be true that (9,LRS = p, where i € {A, B}. Plugging

is a contradiction. Suppose 7% > u then < 0 and hence the RHS of (24) must

075 = 11 back into the two equations for R and S™

"', respectively, we obtain the mass market

equilibrium prices.
The above analysis is valid if and only if the prices indeed form a mass market equilibrium,
ie., GRS — R = pu— #(M) — ¢ > 0 is true. Hence, the sufficient and necessary condition for the

existence of the above mass market equilibrium is

1

Given that the function x — [1 — F(z)]/f(x) — ¢ is monotonically increasing and that M — [1 —
F(M)]/f(M) —c=0 holds, we have > M. O

Proof of Lemma 2. Note that M > m. This is true because 1 — p € (0,1) and hence, the RHS
of (10) lies strictly below the RHS of (4).

Step 1. A niche market equilibrium where firm i charges M to repeat customers exists if

c—pM
1-p

and only if p <

In such an equilibrium, the firm charges the monopoly price to repeat customers. Hence,
there is no profitable deviation in terms of the price to repeat customers.

For a deviation of prices to switching customers, it has to be true that no firm finds it
profitable to charge a price no less than marginal cost to attract customers of the competitor
who charges monopoly price. Thus, it has to be true that given firm —i charges M to its
repeat customers, firm ¢ does not find it profitable to charge S; > ¢ to attract some of firm —¢’s

consumers to switch to product . This means that the equilibrium exists if and only if the

following condition is satisfied pM + (1 — p)u < ¢, i.e., p < %.

Step 2. A semi-niche market equilibrium where firm i charges R to repeat customers and

c—pL

pR:+(1—p)p to switching ones, where R € [m, ] and v € [m, M|, exists if and only if p < =

The equilibrium is a knife-edge case as the surplus curve of repeat customers and switching

customers cross at the horizontal axis. To see why, note that

RS _ S5, s _[pRS + (1 —
1—p 1—p

and thus, 7% — RS = p0F5 4 (1— p)p— [pR; + (1 —p)p] = 0. This means that 675 = 970 = 95©.
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To prove that the equilibrium exists for a given R} € [m, ], first suppose firm i deviates to

R; > R, then its profit, given firm —i’s price 5%, = pR; + (1 — p)p, is given by

AARi—c{/ cﬂ%@}zAxRi—cX/ e dF(0).
ors o T

Taking the first order derivative w.r.t R;, we have:

e RS
AilL = F(60;%)] [1 - ]i”_ o1 - ﬂi@gsj

- o (Bm)] - ne LU

l—p l—p 1_F<Ri1_PpRz§)

(25)

Since R; > R}, then 9135 = Ril%pﬁ > R{ and thus, we have:

()
R;—c T—p >Rf—c f(RY) L m—c f(m)
bop o p (BB) T 1 p 1= F(R) T 1= p 1= F(m)

L,

where the second inequality is due to R > m. This implies that the first order derivative (25)
is negative if R; > R} and firm 7 does not find it profitable to deviate to a price above R;.
Suppose instead firm ¢ deviates to R; < R;, then the corresponding profit function is given
by
o0

R;
which takes its maximum at M > R;. Hence, the first order derivative w.r.t R; is positive for
R; < R; < M and it is not a profitable deviation.
Firm —i’s profit from switching customers in this equilibrium is zero, as there is effectively

zero measure of customers who switch. Firm —¢ does not find it profitable to deviate to a price

c—pR;
1-p

CIfp < S

greater than c if and only if p0f* + (1 — p)u = pRi + (1 — p)u < ¢, e, p < =

c—

then p < %ff holds for any R? € [m, ], hence, firm —i does not wish to deviate. On the other

hand, if a semi-niche market equilibrium exists for each RJ € [m, ], then it must be true that

c—pL
1—p

u < because it implies that p < %pfs holds for any R} € [m,].

c—pm

Step 3. A mass market equilibrium exists if and only if pu > =)

We now start with proving sufficiency, i.e., if u > % then the mass market equilibrium
exists.
First, we show that R} > S > ¢, assuming that the prices given by (8) and (9) are indeed

an equilibrium. Since the equilibrium is symmetric, proving R;" > S" is equivalent to proving
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that R* > S™. Suppose R* < S™ instead, then it must be true that GZSO < GZRS < p and,

—1

thus, that S™; must satisfy the following inequalities:

gn o (= pIFOFS) — FO)) _ (1= p)[F(OFS) — FOF)) _ (1= p)[1 — F(8F)]

F(0f) + 5L 1 (659) F(6F5) F(075) =R"-c.

The last inequality is due to 1 — F(0F5) > £ > F(0F5) — F(7°) because of 679 < 975 < p.

Hence, there is a contradiction. Given that R;" > S™,, we have QZRS > [

Second, we prove that (8) and (9) are indeed an equilibrium strategy, given that p > <27
The following first order derivative of (5) with #%% > 950 > 950 > —oo w.r.t R; equals zero

when replacing R; with (8):

Ri—c f(0F5)
1—p 1—F(69)

N[l — F(0F9) |1 - =0 (26)

To show that (8) is the maximizer and not a minimizer, recall our assumption on the monotone
hazard rate condition and the fact that 0/*° increases in R; due to (1) and p > 0. Then, the
derivative (26) is positive when R; < R]" and negative when R; > R]". Finally, note that fixing
S™ the RHS of (8) is a decreasing function of R[*, and the LHS is increasing in it. Hence,
there exists a unique R}" for each S™,.

Similarly, the first order derivative of (5) with %% > 79 > 650 > o0 w.r.t S; equals zero
when replacing S; with (9):

ALi[F(07F) — F(059)] 1 —

Sm — ¢ pf(05F) + (1 - p) F(6°7)
p(L=p)  F(OFF) — F(659)

F(073) £(059)
Sm— ¢ PrErs) Tt (1-p) F(6FY)
= AL[F(085Y — F(959)] |1 — =2 i
AP O5) = FO)] |1~ = = o
F(657)
i h(Sj™) i

In order for S™ given by (8) to be the profit maximizer, h(-) has to be an increasing function.

We now show that the function h(-) is an increasing function. Suppose 6°¢ > p, then h(-) is an

9§ZO is increasing in \S; while 055 is decreasing in S;, hence, the
Ji0)

denominator of h(-) is decreasing in S;; (b) 70y Is a decreasing function and f(6°9) is increasing

increasing function because: (a)

in S; due to 659 > p, hence, the numerator of h(-) is increasing in S;.
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Suppose instead 07¢ < i, then f/(699) > 0. The first order derivative w.r.t S; of h(S;) is:

| RS 50
) — | O e - e | (o) - rse)
RS SO
~ [pFOR5) + (1 - )f(659)] [fwﬁf)dgsj - 0 }

1 / / -
= FEm s FEE |, O e - P

+ [pf055) 4 (1= O] | 10551 705002 ] > 0

1
w49 o -
where B 7l s and s = o The above derivative is positive because f/(077) < 0, due

to 675 > p, and f(659) > 0.

c—pM
1—p

Last, we prove that QZRS — R >0 when p > that is, the marginal repeat consumer
strictly prefers to stay in the market rather than choosing the outside option. Suppose instead
HlRS — R <0, then it must be true that R/ > m. To see why, suppose m > R"* > OZRS. Then

(1—p)[L = F(m)] (1-p)[1 - F(6)]

m = f(m) +c<

— R™
f@Fsy e

where the inequality is due to monotone hazard rate assumption. A contradiction. Thus,
R™ > m. Since HlRS — R < 0 implies pHZRS + (1 —p)p < 8™, which in turn implies 0%5‘0 > Gﬁs
according to S™ = pf?° + (1 — p)u, thus S™ < ¢ due to (9).

Now we show that if GIRS—R;" <0, then pR"+(1—p)p < c. Suppose the reverse is true, then
pRI"+(1—p)p > ¢ > S, which implies [pR}" + (1 - p)u] = [p87° + (1—p)p] = p(6]° —67°) > 0
and hence GZRO > Hfo. Thus, we have GZ«RO > 9150 > GZRS . When .9235 = 9;90, we have
p0FS + (1 — p)u — S™ = 0, which then implies 6% — 97O = 9F5 — R™ = 0, which contradicts
055 < 9RO, When 079 < 079 and hence 6/%5 < 670 < 7O then we have p = % > 1, a
contradiction to p € (0,1). Hence, pR™ + (1 — p)u < c. S

In sum, if 675 — R™ < 0 is true, then pR™ + (1 — p)u < ¢ which implies pm + (1 — p)u < c,

Le., p < SEE. A contradiction. Therefore, it must be true that 085 — R™ > 0.

c—pm
1—p

Now we prove necessity, i.e., if there exists a mass market equilibrium, then p >

Suppose m < Rj", then according to HZ»RS > R in the mass market equilibrium, we have

S € )18 S L) O ] LI U0

f(m) F(07)

+c=R]".

A contradiction. Hence, m > R]". Suppose p < Cl__”;”, then pR"+(1—p)pu < pm~+(1—p)u < c.

This, and the fact that in the mass market equilibrium with positive correlation HIRS > HZRO >
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079 holds, imply that S = p07° + (1 — p)u < pfFO + (1 — p)u = pR" + (1 — p)p < ¢ < S™.

A contradiction. Hence, it must be true that p > < p;"’. O

Proof of Proposition 1. According to Lemma 1, each firm makes monopoly profit from their
repeat customers but no profit from switching customers as no one switches in the second
period if and only if p < ¢. This suggests firms would compete for first-period market share by

lowering the price to the point such that
Ai(c—p)y = ox_7M

The LHS of the above equation is the loss from capturing firm —i’s market share in the first
period, and the RHS is the gain in the second period from additional market share.

Neither firm prefers to deviate from such an equilibrium. If firm ¢ deviates to any price higher
than p! in the first period, its first period profit increases by A;(c—pf*) to 0 and its second period
profit decreases by A\;w (M), thus the total change of its profit is 0 since \;j(c—p}") —d\w (M) = 0.
If, instead, firm ¢ deviates to a lower price p}’ — € where € is arbitrarily small in the first period,
then its first period profit decreases by A_;(c — p') and its second period profit increases by
A_im(M), and the total change of profit is also 0. Any price even lower than pl' — € is strictly
dominated. Hence, there is no profitable deviation for firms.

Note that the above proof applies to any A; € [0,1]. This implies that when firm i sells
only in the second period while firm —i sells in both periods such that \; = 0, both firms’
profit stays unchanged. When firm ¢ sells only in the second period given that firm —i does
the same, demand is zero because no consumer would purchase as u — ¢ < 0. Hence, they also
make zero profit. This means that there exists a variety of zero-profit equilibria in which either
Ai + A—; = 1 when max(\;, A_;) > 0 or max(A\;, \_;) = 0.

Consumers’ surplus is given by
(n—rc) +57T(M)-|-5/ (x — M) dF(x)

= (u—c)+én(M +(5/ x—c)dF(x (5/ M —c)dF ()
_ (M_C)M/M (x — ¢) dF(x).

Hence, the consumer surplus is only non-negative if and only if the total discounted social
surplus over the two periods is non-negative. Since purchasing only in the second period yields

a payoff of p — SI* < ¢ — SI* <0, all consumers wish to buy in the first period. O
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Proof of Proposition 2. Note that according to Lemma 1, all the second period equilibrium
prices are invariant of \;. Hence, consumers’ expected surplus from the second period is invariant
to their purchasing decision in the first period, which implies that they would purchase the good
with the lower price in the first period.

We now prove the proposition in two steps.

Step 1. The equilibrium in the second-period sub-game is the mass market equilibrium

In the mass market, each firm makes exactly the same profit from the repeat and the
switching customers and thus, its second period profit does not vary with the first period
market share. Hence, firms compete in the first period as in Bertrand competition by lowering
their first period prices to the marginal cost.

Consumers’ discounted surplus over the two periods is given by

00 oRS
(h—c)+5 /GRS (¢ — R™ dF(z) + / [B(0_i|x) — S™] dF (z)| > 0.
>0

Consumers must have non-negative surplus in the second period since they are free to leave the
market otherwise, hence the terms in the brackets must be non-negative. The above consumer
surplus is positive since y > M > c. It is also easy to verify that the above consumer surplus
is no less than the surplus from purchasing only in the second period, given by §(p — S") =
) (,u — % — c). Thus, consumers are willing to purchase one of the products in the first
period.

Firms do no wish to sell only in the second period for the following reasons. Given that
firm —7 sells in both periods, selling only in the second period yields firm ¢ the same profit as
given in the Proposition. If firm —i were selling only in the second period, firm 7 would find it
profitable to sell only in the second period because Bertrand competition would follow and both
firms would make zero profit. Therefore, selling only in the second period is weakly dominated

for each firm.

Step 2. The equilibrium in the second-period sub-game is the semi-niche market equilibrium
Suppose (M) = (M —¢)[l — F(M)] > (u— ¢)F (M), then firms compete for higher market
share in the first period by lowering price. Then through a procedure similar to Step 1 we can

prove that the first period equilibrium price must satisfy p{ = ¢ — § [7(M) — (1 — ¢)F'(M)).
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For consumers, their surplus is given by
(u—c)+0[m(M)— (u—c)F(M)] —{—5/ (x — M)dF(x) >0,
M

which is positive since p > ¢, 7(M) > (u — ¢)F(M), and [,; (x — M)dF(z) > 0. Since
purchasing only in the second period also yields §(p — p) = 0, the fact that the above consumer
surplus is positive implies that no consumer wishes to purchase only in the first period. Hence,
all consumers are willing to purchase one of the products in the first period.

Suppose instead, 7(M) < (u — ¢)F (M), ie., (M —¢)[l — F(M)] < (p — ¢)F(M), then
firms may prefer less market share in the first period as they make greater profit from poaching
customers from the competitor. Then, they would increase price in the first period up to a
point

Ai(pj —¢) = 0Xi [(n — o) F(M) — w(M)],

where the LHS is the profit of firm ¢ by obtaining a market share in the first period and
the RHS is the opportunity cost of getting A; of first-period market share. Suppose firm 4
deviates to an even higher price, then it loses the profit A\;(p; — ¢) in the first period and
obtains a gain of d\; [(u — ¢)F(M) — w(M)] in the second period. The loss and the gain balance
each other, which implies that the deviation is not profitable. Alternatively, suppose firm 4
deviates to a slightly lower price, then it obtains an additional profit of A_;(p; — ¢) in the first
period and loses the profit of dA_; [(u — ¢)F (M) — w(M)] in the second period. Again, the two
balance each other and the deviation is not profitable. Any price lower than pj — €, where € is
sufficiently small, is dominated. Hence, the firm charges exactly the same first-period price as
when (M) > (u—¢)F(M).

Note that, as in the proof of Proposition 1, firms’ equilibrium profit is a constant for any
Ai € [0, 1] such that A; +A_; = 1. Furthermore, firms end up in Bertrand competition and make
zero profit if both of them sell only in the second period. Therefore, selling only in the second
period is weakly dominated.

For consumers, the surplus is given by

(1 — ) — 6((u— YF (M) — w(M)) + 6 /M°° (x — M) dF(z)
= (=) = 8((j— ) F(M) — (M) + 5/M°° (z — ¢)dF(z) — § /Moo (M — o) dF ()
= (u— o)~ bl — F(M) + 6 /MOO (z — ¢) dF ()

= (u—c)[l—éF(M)]+5/Moo(x—c)dF(a?)>O.
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The above consumer surplus is positive because p# > cand M > c¢. This implies that no consumer
wishes to purchase only in the second period. Hence, consumers are willing to purchase one of

the products in the first period. O

Proof of Proposition 3. Recall from Lemma 2 that there are no switchers in either the niche
or the semi-niche market equilibrium. We can hence prove the first period prices given in the
proposition following the same procedure below.

Suppose firm i deviates to a price slightly lower than the p¥ where k € {n, s} given in the
proposition, then it obtains all the market in the first period, i.e., \; = 1. Its second period
profit increases by dA_;IT% (where II" = 7(M) and 1I* = 7(R¢)) while its first period profit
decreases by A_;(c — p¥) = A_;011¥, which is the same as the former profit increment. Hence,
any price lower than pf is not a profitable deviation. Alternatively, suppose firm i deviates to a
price higher than pf , then it loses all market share in the first period. Given the second period
equilibrium prices, no consumers would switch from the competitor to firm ¢, hence, firm i’s
total profit is zero. Thus, raising first period price above pf is not a profitable deviation.

Note again that the proof here applies to any A; € [0, 1] such that A\; + A_; = 1 and that
when both firms sell only in the second period they end up in Bertrand competition with zero
profits, which is no greater than their equilibrium profit of zero. Therefore, there is no profitable
deviation for either firm in terms of first period price and whether to sell only in the second
period.

Regarding the consumers’ choice, we start by the first period choice given that firms play

the niche market equilibrium in the second period, i.e., given p < %. Consumers’ surplus

c—pM

given that p < =) is

(=904 [ (@ M)aF()
= (u—c)+én(M +5/ x—c)dF(x (5/ M —c)dF ()
- (Iu—c)+5/M (a:—c)dF(xz

SS(M)

Hence, the above consumer surplus is non-negative if and only if y — ¢ > =6 - SS(M). Since
purchasing only in the second period yields a payoff of  — S} < 2= [1)\4 S < e—SM<0, no
consumer prefers to do so.

Next, we turn to the first period choice of consumers followed by a semi-niche market
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equilibrium in the second period. Recall from Lemma 2, a continuum of semi-niche market

equilibria exists if and only if pu < Cf_’;f

with ¢ € [m, M]. There are no switchers in the semi-
niche market equilibrium given that p > 0.
Consumers’ surplus given a specific semi-niche market with prices R; € [m,¢] and S} =

pR + (1 —p)p and p < szjjf is the following:

=p)+5 [ - R)dFG@)
= (p—c)+6-m(Rj)+0 oo(a:—c)dF(x)—é oo(Rf—c)dF(:U)
Rs Rs
= (u—c)+94 (x — ¢)dF(z)
E;
ss(R)

Hence, the above consumers’ surplus is non-negative if and only if g—c¢ > —6-SS(R;). Suppose
a consumer purchased only in the second period, then her surplus is given by u — 57 = pu —
pR; — (1 —p)p = p(p— R}) < p(c—m) < 0. Hence, all consumers purchase one of the products
in the first period. ]

Proof of Proposition 4. According to Lemma 2, the second period equilibrium prices given any
A; are invariant of A\;. Hence, consumers’ expected surplus from the second period is invariant
to their purchasing decision in the first period. Thus, consumers purchase the good with the
lowest price in the first period.

In the first period, firms compete by choosing a price such that:
Ai(c—p™) =8 (A_gm ™ — Amd™). (27)

Suppose the profit from repeat consumers is greater than from switchers, then firms compete
by lowering their prices to the point satisfying (27). In this way, the first period loss equals the
second period gain. Neither firm prefers to deviate from such an equilibrium. If firm ¢ deviates
to any price higher than p!™ in the first period, its first period profit increases by A;(c — pl"*) to
0 and its second period profit decreases by /\mZRm — )\mz-sm, thus the total change of its profit is
0 since, according to (27), Aj(c — pi") — & (Al — A\wd™) = 0. If, instead, firm i deviates to a
slightly lower price pi* — € where € is arbitrarily small, then its first period profit decreases by
A—i(c — pi™) and its second period profit increases by )\_Z‘ﬂ'lRm — )\_Z-WZ-S"", and the total change

of profit is also 0. Any price even lower than p]" — € is strictly dominated. Hence, there is no
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profitable deviation. Suppose instead that firms make a greater profit from switcher than from
repeat consumers, then they would increase their price in the first period up to a point where

(27) is satisfied. A similar argument that there is no profitable deviation follows.

For consumers, their surplus given the equilibrium prices under the condition p > = _p;" is:
0 oFRS
(=) 48 | [ = RMaF@+ [ (Bl - S7] dF ()
oFs 650
- s
= (u—c)+6 / (x — R™) dF(ac)—l—wfm—me—i—/ [E(6_i|z) — S dF (z)
o1 050
) OZRS
= (u—c)+9¢ / (m—c)dF(a:)—l—/ [E(0_;|x) — ¢] dF(z) =2 - 7™
oRs 650
L SShRm

In equilibrium, the above consumers’ surplus must be no less than the maximum of zero and
the consumer surplus from purchasing only in the second period, i.e., §(u — S™). Hence, the
sufficient and necessary condition for the consumer to be willing follow the equilibrium and

purchase one of the product is given by:
p—c>—=0- (SSRm -2 me) + max [0,5(p — S;")]

where S5 = 5% (x — ) dF () + [0 [E(6—i|z) — | dF (z). 0

Proof of Lemma 3. We prove the lemma in three steps.

Step 1: The niche market equilibrium

We now prove that condition M > 650 is sufficient and necessary for the existence of a

niche market equilibrium.
We start from sufficiency. We first show that when M > g0 holds, we have M > pu.
Suppose M < p, then p — #(u) — ¢ > 0. Given that M > 65° we also have §50 < 1, which

implies that S > 1, because 950 = @, and that, according to (17),

g _—P o
5= 2f (1) res 2f (1) e

But then this implies p < ﬁ + c. A contradiction to M < p. Hence, we have M > p.

To show that the prices given in the lemma form an equilibrium, we need to rule out two

sorts of profitable deviations. First, we show that among all prices such that 6% > 959 holds,

43



i.e., repeat and switching consumers’ surplus curves cross at a point below the horizontal axis —

similar as in the niche market equilibrium, are no better than charging M to repeat consumers

and S to switching consumers. Holding the other firm charges the equilibrium price, a firm

é\SO :
)

makes the following profit from repeat consumers if it charges a price satisfies R; > ie.,

the surplus curves cross below the horizontal axis:

Ni(R; — ¢) / T AF (). (28)

R;

By first order condition of profit function (28) w.r.t R;, any local deviations by firm i such
that the two surplus curves still cross at a point below the horizontal axis must not be more
profitable than M, because otherwise the first order derivative w.r.t R; is not equal to zero.
Hence, the optimal choice is that R; = M because the firm behaves as a monopoly in its share of
the market. Alternatively, it makes the following profit from switching consumers if it charges
a price satisfies S; > pM + (1 — p)u, or put it differently, Gi-o = w <M = 91_%?, ie., S;

maintains a situation similar to the niche market equilibrium:

Si—(1—p)p

Ai(S; — ¢) /_ " dF().

The optimal price can be found by first order approach and is, in fact, given by S. Therefore,
M and S are the optimal prices to repeat and switching consumers among all prices that have
consumers’ surplus curves cross below the horizontal axis.

Second, we show that prices that let consumer surplus curves cross above the horizontal
axis are not profitable deviations. Suppose firm ¢ deviates the price to repeat consumers to a
R; < 5© such that the two surplus curves cross above the horizontal axis, holding the rival

firm chooses the equilibrium prices. Then the profit from repeat customers is given by

a0 [ :ORZ _dF(0), (29)

then by the first order approach the optimal price must satisfy the following condition:

I e G
f <u + Rf:f)

Such an optimal is unique, as the right side of the above equation is a decreasing function of

+ c.
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R} due to the MHR property. According to R} < 550, we have

A= =FE) | A=pL=Fm] - gso

F(859) f(m)

R; >

which contradicts R < 950, Therefore, R} > 950 and any price R; < 050 is not a profitable
deviation, because the first order derivative of the profit function (29) must be positive for any
such price R;. In other words, the firm would always prefer to increase the price whenever
R; < 659 holds.

Now suppose firm ¢ deviates to a price S; < pM + (1 — p)u, again holding the rival firm
chooses the equilibrium prices, then the two surplus curves cross at a point above the horizontal

axis. The profit from doing so is given by

A s(Si—c) / = )

—00

and hence, the optimal deviation price must satisfy

. =pF (p+ 1)
S = f(,u—{— ]\{:i:) +ec.

Since S < pM + (1 — p)p and M > p, we have

(-pL-FOO) | _1-FOD
te2 T an YT T tesMeEe

1—
S;‘>(

But by Sf < pM + (1 — p)p and M > p, we have S < p. A contradiction. Hence, S} >

Si—(=pt - pr — pRO
» < -z

pM + (1 — p)u, or put it differently 659 = +, must hold. Therefore,
any price S; < pM + (1 — p)u is not a profitable deviation, because it is less than the optimal
price SF. Hence, the firm would rather choose a price satisfies S; > pM + (1 — p)u. We have
completed the proof of sufficiency.

Now we turn to necessity. Suppose the prices (16) and (17) form an equilibrium. Then it
must be true that M > 050 for otherwise the two surplus curves would cross at a point above

the horizontal axis.

Step 2: The semi-niche market equilibria

We start from proving sufficiency. Note that the conditions imply that

gsozg—(l—P)M

; > RY > max(u, M). (30)
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Holding the rival firm choosing the equilibrium prices, and suppose firm ¢ charges a price R; >
R?. Repeat customers’ surplus curve moves to the right and crosses the switching customers’
surplus curve at a point below the horizontal axis. In this case, the profit from repeat customers
is again given by (28) which is maximized at M. Since (30) requires that R; > p and the profit
function above is inversely U-shaped due to our monotone hazard rate assumption, the first
order derivative of firm 4’s profit from repeat customers at R; > R > M must be negative,
which implies that R; is not a profitable deviation.

Suppose instead, firm ¢ deviates to a price R, < Rf. Then the two surplus curves cross at a

point above the horizontal axis, and the profit from repeat customers is given by

B =) [y e dF )
w

4 —1
+ =

By the first order condition w.r.t R}, the implicit best response function of firm i is given by

(1=p) [1 —F (u n Ré*l:iii)}
f (u + Ré;:?”) ’

Note that the MHR assumption guarantees that the solution to the first order condition is

I
Ry =

indeed the optimal. Suppose R* < R?, then according to the above best response function,

L QAL F (e BN R (1 ) F(m) ;
R > f<u+ R{:ff) +c = ) +c > ) +c=m > R;.

A contradiction. Thus, R* > Rf. Therefore, deviating to any price R, < R} is not profitable
because R; < R/, which implies that the first order derivative of the profit w.r.t R} is positive.

Now, suppose firm i charges a price S; > S7 to attract firm —i’s customers. Then these
switching customers’ surplus curve moves left and the two surplus curves cross at a point below

the horizontal axis. Firm ¢’s profit from switching customers is then given by

S;i—(A—p)u
P

)\—Z(SZ — C) dF(H)

—o0
and the optimal price is in fact S. According to (30) and (18), which imply that

S<pR+(1—ppu=58<p,

we have §; < S} < S , and hence, the first order derivative of firm ¢’s profit w.r.t .S; must be
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positive. Thus, any S; < S is not profitable to deviate to.
Suppose instead, firm —i deviates to a price ¢’ ; < S%,. The switching customers’ surplus
curve must now cross the repeat customers’ surplus curve at a point above the horizontal axis.

The profit from the switching customers are then given by

By the first order approach, firm —i’s implicit best response function is given by

R ,—S*
(1—p)F (M+ —p )

R ,—S
f (:u+ 1—p >

S = +c.

Suppose Si* < S, then

(1—p)F(R;) 1—p
FRE) T g TeE

S >

However, (30) and (18) imply that S < p. A contradiction. Hence, Sk > S and it is not
profitable to deviate to S/ < S¢ since the first order derivative of firm i’s profit from switching

customers w.r.t S/ must be positive.

Step 3: The mass market equilibrium
We can solve for the equilibrium prices from taking first order conditions w.r.t R; and S; of
the profit function of firm ¢ in mass market equilibrium given below

RS
g—i

/\Z(Rz - C) /eJroo dF(@Z) + )‘—z(Sz — C) / dF(Q_Z) (31)

RS
A —0o0

The profit function (31) is obtained by letting max (9%, 07°) = 025 and min (979, 959) = 915

n (15). We then obtain the following necessary conditions for equilibrium prices:

1—p)[1 — F(6F9)]
f(05%)

(1= p)F(O57)

m
= 7679

+ec. (32)

+c and 5" =

We can find the cutoff types for any A;:

(1—p)[L — 2F(0")]

(1= )0 — ) = R]" = 7, = o)
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hence,

gRS  _ 1—2F(019)

7 (67) (33)

1-2F(059)
F(61%)
is a contradiction. Suppose GZRS > p, then

Suppose HlRS < i, then > 0 and hence the RHS of (33) must be greater than p, which

% < 0 and hence the RHS of (33) must
be less than p. This means that it must be true that HZ»RS = p, where i € {A, B}. Plugging

075 = 11 back into the two equations for R and S

"', respectively, we obtain the mass market

equilibrium prices.
The above analysis is valid if and only if the prices indeed form a mass market equilibrium,
ie., 15 — R > 0 is true. Hence, the sufficient and necessary condition for the existence of the

above mass market equilibrium is:

L—p
M—W—CZO, (34)

or equivalently, m < pu.

Proof of Corollary 7. We prove the corollary in two steps.

Step 1. The fact that the niche market equilibrium exists implies that M > 50 and M > .

Claim 1: When p=—1, M = S > pu and w(M) = o,

First, note that when p = —1, it is true that:

n o _17F(M) e
R; = M_f(M)A +c, (35)
gn = g_Flu=95 (36)
f2p—S)
We can rewrite § as
§:F(2u—§)+c:F(u—(§—u))+C:1—F(M+A(§—M))+c:1—fi(§)+c
f2u—-S flp— (S —n)) flu+ (S —n) f(9)

This implies that R? = § = M > p and m(M) = 75" when p = —1.

Claim 2: When p € [—1,0), S < M.
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Take the first order derivative of (17)’s RHS w.r.t p:

s _ reo) () as () s

dp f(é\SO) 9SO dp d6SO o
and rearrange
F(659) . . F(859) ~
Hd(f@w)) s _ _F(6%°) (@‘SO))#—S
doso dp f(059) dfso p
>0
Hence, S decreases in p as long as S > 1. Since S = M when p = —1 according to Claim 1,

there exists a p/ > —1 such that p < § < M is true for any p € -1, /]

For p € (p',0), %‘j < 0 s not necessarily true, as § < p may hold. Denote by p” = sup{p]§ >
f,p > p'} the smallest p such that S > p. Then for any p € (p”,0), we have § < p, because
whenever S increases to a level sufficiently close to p, Z—f < 0 holds and S starts to decrease.
Therefore, S < M holds for all p € [—1,0). See the following figure for this part of the proof.

S
M

-1 o p P

Figure 15: § < M holds for all p € [—1,0).

Step 2. According to Lemma 3, the sufficient and necessary condition for the semi-niche
market implies R > p. Since S = pR; + (1 — p)p and p < 0, it is true that S7 < p and hence,
S? < R} O

Proof of Proposition 5. This proof has three steps.
Step 1: The equilibrium when the second-period sub-game has the mass market equilibrium
Since the second-period prices and the profits are the same across repeat and switching

consumers, firms are indifferent across any market share in the second period. Hence, they

49



compete in the first period only for the first-period profit. This implies that they behave as
if they are in Bertrand competition by charging the marginal cost ¢. In that case, consumer
surplus must be non-negative since y —c > m —c > S" —c = R" —c = 21%(5) > 0, i.e.,
consumers’ first-period surplus is positive according to the condition for existence of the mass
market equilibrium, and their second-period surplus must be non-negative. Furthermore, their
first period surplus p — c¢ is greater than the surplus from only purchase in the second period,
given by u—S" = pu— 21%(5) — ¢. Therefore, the sufficient and necessary condition is equivalent
to the condition for existence of the mass market equilibrium in the second period.

Note that for each firm selling only in the second period is weakly dominated by selling in
both periods. To see why, consider firm 7 sells only in the second period while firm —¢ sells in
both periods. Then it must hold that A\; = 0 and firm 4’s profit is given by (57" —c¢) - F(n) =

(if i )), which is equivalent to the equilibrium profit. On the other hand, consider firm i sells

only in the second period while firm —i does the same. Then both firms make zero profit as
they end up in Bertrand competition. Therefore, selling only in the second period is weakly
dominated.

Step 2: The equilibrium when the second-period sub-game has the semi-niche market equi-
libria

Given any equilibrium in a semi-niche market, we can find the profit firm ¢ makes from
repeat customers, (R —c¢)[1 — F(R;)], and from switching customers, [pR;+ (1 —p)u—c]F(R3),
with max(M, p) < RS < min(m,é\so).

In Theorem 1 we have shown that each firm’s profit in the whole game is given by ém7*
The following derivation illustrates how this holds in the current context. When 7(RJ) > 7TZSS
firms make greater profit from repeat customers than from switchers. Firms then compete for
market share in the first period by lowering price to the point where ¢ — p = §(m(R{) — 70*).
Suppose firm ¢ deviates to a higher price in the first period, then it avoids the loss (¢ —pf) in
the first period, but its profit in the second period also decreases by §\;(m(R$) — 77*). Suppose
it deviates to a slightly lower price in the first period, then it obtains a gain of dA_; (7 (R) — %)
but also incurs an additional loss of A_;(c — pf) in the second period. Hence, neither deviating
upwards or downwards is profitable.

Alternatively, when 7(R}) < 7r % firms make greater profit from switchers than from repeat
customers. Firms then compete for lower market share by increasing price up to p{ — ¢ =
§(mP* —m(R?)) . Suppose firm i deviates to a higher price in the first period, then it loses profits
A\i(pf — ¢) in the first period, but its profits in the second period increase by §A;(79* — 7(RY)).

Suppose it deviates to a slightly lower price in the first period, then it makes an additional
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profit of A_;(p§ — ¢), but loses dA_; (79 — m(R$)) in the second period. Hence, neither deviating
upwards or downwards is profitable. Firm i’s total discounted profit over the two periods is
thus A;(pf — ¢) + 8 (N (R) + A_ymd®) = ompe.

Following a similar procedure as in step 1, it can be shown that selling only in the second

period is weakly dominated for each firm.

Consumers’ surplus from purchasing good 4 in the first period is given by

o] Rf
s+ | [ o= BIE) + | [Be-de) — 5t apta)
o] R;?
= (p—c)+o(n(RS) — 7))+ / (x—c)dF(:r)—W(Rf)—i—/ [E(0_|z) — ] dF (z) — 7
Rf —00
0o R?
= (u—c)+9¢ /$ (x — ¢)dF(z) + / [E(0_|z) — ] dF(z) —27°
SSs

Hence, the above consumer surplus is non-negative if and only if © > ¢ — 4§ - (S5° — 27rl$s)
and is greater than the surplus from purchasing only in the second period if and only if p >
c—0-(88% —2w%) + 6(u — S$). Combining the two inequalities yields the lower bound of the

sufficient and necessary condition given in the proposition.

Step 3: The equilibrium when the second-period sub-game has the niche market equilibrium

Suppose firm 7 deviates to a price higher than p}'. Then profits in the first period increase by
Ai(c—pl) to 0. The discounted profits in the second period decrease by \;w(M) — \;72™ to 7™,
Since the gain is the same as the loss, it is not a profitable deviation. Suppose firm ¢ deviates
to a slightly lower price p* — €, then the profits in the first period decrease by A_;(c — p}') to
¢ — pl'. The discounted profits in the second period increase by A_;w(M) — )\,mis”. Thus, the
gain is the same as the loss and it is not a profitable deviation.

Following a similar procedure as in step 1, it can be shown that selling only in the second
period is weakly dominated for each firm.

The last question left to answer is whether consumers are willing to buy one of the products in

the market in the first period given the equilibrium prices. Consumer surplus can be calculated

o1



by accounting for the equilibrium prices:

§S @)

(48| [ wnar@+ [ (B - 5] dr
00 §SO
= (p—c)+d(r(M)—7") +6 / (a:—c)dF(a;)—ﬂ'(M)—i-/ [E(0_;|x) — ] dF (x) — =™
M —00
) é\SO
= =)+ /M ( — ¢) dF(z) + /_ (B(0_i|z) — ¢ dF (z) — 275"
SSm

Hence, the above consumer surplus to is non-negative if and only if 4 > ¢ — §(SS" — 27rf")
and is greater than the surplus from purchasing only in the second period if and only if p >
c—6(SS™ —2mPM) 46 (u— S). Combining the two inequalities yields the lower bound of the

sufficient and necessary condition given in the proposition. O
7.1 Price elasticities

7.1.1 When p € (0,1)

Denote by DF the demand from repeat consumers of firm i, and by Df the demand from

switching consumers of firm 4. In general,

In a mass market equilibrium, DF = ) fg}%o dF(0;) and D¥ = \_; |, ;;5 dF(0_;). Note that
DI is a function of R™ and S™ as 0% is determined according to u + (H_’gﬂ —-S™)/(1—p), and
that DY is a function of R™, and S/* as 0% is determined by p + (R™ — S™)/(1 — p) and 659
is determined by (S — (1 — p)u)/p.
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The relevant elasticities are then given by

DE dDff R7" Nif (6f) Ry R
Egm = m R ] _ Y RS\~ pm _ (37)
i dR* D! L—p  N[1—F(659)] R —¢
DR dDE S™ X f(6FS sm. S
g = e M) e (39)
i ds™ D] 1—p  MN[1—F(6F%)] R'—c
by dD? R™;,  Nif(0%F) R, B fOEF)R™, (39)
B5 dRT DY 1—p  N[F(O5) = F(059)]  (1—p)[F(0%) — F(659)]
pos _ dDisy 1105 N F(659) Sy _ ST 4o
S dSm DS T 1-p p AL [F(079) — F(059)  Sm—c

. e s D?
In a niche market equilibrium, Dl-s = 0 and hence, the relevant elasticities are zero: Ep: =

S
E?,% = 0. We also have DIt = \;[1 — F(#F°)] and hence,

E'DlR _ dDzR RZL _ )‘Zf(R?)R? — M (41)
R} dR} DE — N1 -F(RY)] M -—c
DR
Egi = 0. (42)
In a semi-niche market equilibrium, the demand curves are kinked:
X[l — F(Ry)], if R; < R¢ N[l — F(R?)],if S_; > 8%,
pr_ [ M- F@R) o[ - FD) ; "
N[l — F(0F9)), if R; > R} N[l — F(OF9)), if S_; < S%,

s 0,if R_; < R?, 0, if S; > S3 )
’ AL[F(675) — F(059)], if R_; > R?, A_[F(075) — F(659)], if S; < S3
Hence, the corresponding elasticities are given by

f(R)R: ¢ .
g = DL Tvrmy RS (45
dR; D; ___JOPR e s
: Gpn-rery) > 1
B = dS_; DF ~ JOFS  ieg  _ gs (46)
’ A-p—FEF) o= < P
s dD? R_ 0if R; < R?;
Ep, = R DS { JOF$)R_, . . (47)
o ApFEEs)-FEoy) it Fei > B
0, if §; > S7
DS dD? S; ’ o
Bl = i = F08F) 5659 4
Si dSZ DS { T }Si ] ( 8)
v — if §; < SZS

F(057)—F(059)
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7.1.2 When p € (—1,0]

The demand function of firm 7 consists of two parts, the demand from repeat and from switching

consumers:

+oo

Dff = /\i/ dF(6;) (49)
max(9t%,0F0)

6RS 95O

s max (0"

RS
In the mass market equilibrium, we have D = \; [ 5% dF(6;) and D = A_; ff; dF(6;).

) dF(6_;). (50)

Then, the price elasticities are:

P dD{' R" _ Nif(0]) R’ _ R
R® " drRMDE - 1-p N1-F@0F%]  R'-c
pPf _ dDF ST Nf(0]F) Sm. s
S dS™DE T 1—p N[I1-F@0F%] RM—c
Pl _ aDj sy ALf(0%) s s
S dSm DY L—p ALF(OF)  Srm—c
g2 _ dD; R™, Aaf(0%)  R™ R
R dR™ DS 1—p ALF0R)  Sm—c
. ey DR DS DR
We have shown that in equilibrium R* = R™, = S = S™,, thus, Ean = Egn = - ES’EZ- =

b
~Eph.
950
Alternatively, in the niche market equilibrium, Df = ); f(,;%o dF(6;) and Df =X [_ dF(6;).

The elasticities are given by:

DR dDf R? RO R? M
Eni = L=\ f(0) d = —

B dR? DR 1@; ))\i[l — F(0R9)] M—c
et = ds™; DF =0
DY aDj sy Nf(0%9) sy sy

St dSP DY p ALF(059)  SP—c

s dD? R",
Egz = L — =0.

In a semi-niche equilibrium, the demand curves are kinked:

o N[l = F(Ry)), if R; > RS N[l — F(RS)], if S_; > 5%, (51)
' Ai[l — F(089)], if R; < R} X[l — F(55)), if S_; < S°,
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ALF (%) Jif Ry > RS, ALF (@) ,if S; > S8

D7 =
A F(019), if R_; < RS, A F(019), if S; < S3

Hence, the corresponding elasticities are given by

R S
g D R _ lf(F()R)S, if R; > R:
' dR; DE ___ SR s
Z ipi-rery < B
EDR dD,LR S_; { 0, if S; > Siz
S-i T 4S_;DE "~ FOFS. o s
’ ol 1 5= <52
DS dD? R_; 0, if R_; > R?,
ER;- = delﬁ: FOEHR_; f R < RS
o pr@Ersy 1t < B
f Si—(=p)u S;
gPf _ dADf s | ppsmaaeys 828
%o dS DY 7(050)s;

~aoprErsy % <5
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