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Abstract

We explore the competitive implications of third-degree price discrimination based on consumer
information of varying degrees of “precision” in a vertical differentiation duopoly model. We show
that, if the cost of information is below a threshold, only the high quality firm will acquire it and offer
targeted promotions, while the low quality firm will commit to a uniform price, for any degree of
consumer information precision. Equilibrium profits of the high quality firm are monotonically
increasing and that of the low quality firm monotonically decreasing as a function of the consumer
information precision. Finally, social and consumer welfare are monotonically increasing with
respect to the precision of consumer information.
© 2005 Elsevier B.V. All rights reserved.

JEL classification: D43; L13; O30

Keywords: Imperfect price discrimination; Information acquisition; Vertical differentiation

* Corresponding author. Tel.: +1 215 895 6816; fax: +1 215 895 6975.
E-mail addresses: qilin@resecon.umass.edu (Q. Liu), ks346@drexel.edu (K. Serfes).
' Tel.: +1 413 545 6650; fax: +1 413 545 5853.

0167-7187/$ - see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.ijindorg.2005.01.005



342 Q. Liu, K. Serfes / Int. J. Ind. Organ. 23 (2005) 341-354

1. Introduction

The rapid development of the Internet as a medium of communication and commerce
has prompted many marketers and retailers to accumulate a large amount of customer-
specific information. Firms analyze the available information with the aid of sophisticated
software tools and segment their customers according to certain verifiable characteristics
such as age, income, place of residence, browsing patterns and past purchasing behavior.
Consumer segmentation, in turn, helps firms tailor their promotional strategies, depending
upon each group’s preferences for a firm’s brand. For example, different segments can
receive a different quality of service or different discounts.” How refined customer
segmentation is, depends critically on the quality and quantity of customer-specific
information that a firm has acquired. The continuing growth of information technology
(IT) has clearly had a positive impact on the ability of customer databases to predict
consumer preferences more accurately.

We formulate a model of oligopolistic third-degree price discrimination with one high
and one low quality firm (vertical differentiation). Consumer information partitions the
characteristics space, allowing firms to classify the consumers into different segments by
imperfectly estimating the brand premium each consumer is willing to pay for the high
quality product. Firms can then tailor their prices to each consumer segment. Higher
information precision is modeled as a refinement of the partition. We address the following
questions: (i) Does the high quality firm have the stronger incentive to acquire information
and price discriminate? (ii) How does the precision of the available information affect
product quality? (iii) How do firms’ incentives for information acquisition, profits and
welfare evolve as information precision improves?

The literature on oligopolistic third-degree price discrimination in location models can
be roughly divided into two strands.”> The first strand assumes symmetric firms with the
ability to segment consumers either into two groups or perfectly.* A common thread in
those papers is that profits under price discrimination fall short of those under a uniform
pricing rule. The second strand deals with asymmetric firms but maintains the assumption
that firms can classify the consumers either into two groups or perfectly.’ Corts shows that
in a duopoly model of vertical differentiation, price discrimination between two groups of
consumers leads to lower profits for both firms. Thisse and Vives develop a perfect price
discrimination model and assume that one firm has a cost advantage over the other. They
show that, in a dominant strategy equilibrium, both firms will choose to price discriminate.

2 There are many examples of firms that segment consumers into groups based on observable characteristics
and offer a different price to each group. Dell, for example, follows this practice. According to the June 8, 2001
Wall Street Journal: “One day recently, the Dell Latitude L400 ultralight laptop was listed at $2307 on the
company’s Web page catering to small businesses. On the Web page for sales to health-care companies, the same
machine was listed at $2228, or 3% less. For state and local governments, it was priced at $2072.04, or 10% less
than the price for small businesses”.

3 For a comprehensive survey on the price discrimination literature see Stole (2003).

4 See, for example, Bester and Petrakis (1996), Chen (1997), Fudenberg and Tirole (2000) and Shaffer and
Zhang (1995).

5 See, for example, Anderson and de Palma (1988), Corts (1998), Lederer and Hurter (1986), Rao (1991),
Shaffer and Zhang (2000, 2002) and Thisse and Vives (1988).
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The more efficient firm may or may not become better off compared to the non-
discriminatory outcome, while the less efficient firm becomes worse off. Shaffer and
Zhang (2002) employ a perfect price discrimination model with vertically and horizontally
differentiated products. They demonstrate that if the marginal cost of targeting individual
consumers is low then both firms offer targeted promotions; if the cost is in an
intermediate range, only the larger (high quality) firm offers targeted promotions; and if
the cost is high no firm charges more than one price. Rao’s results have a similar flavor.
Two-group price discrimination with asymmetric firms is taken up in Shaffer and Zhang
(2000). Liu and Serfes (2004) examine price competition between two symmetric firms
(i.e., pure horizontal differentiation), where, as in the present paper, the level of
segmentation depends directly on the underlying precision of customer information.®

The aim of the present paper is to propose and solve a unifying price discrimination
model, with two asymmetric (vertically differentiated) firms, which bridges the gap
between the two-group and perfect discrimination paradigms.

We show that if the (fixed) cost of information is below a certain threshold, then in the
unique Nash equilibrium only the high quality firm acquires information and practices
price discrimination. The low quality firm’s best response is to credibly commit not to
engage in any price discrimination, by not purchasing the customer database (e.g. no
haggle, no hassle pricing adopted by Saturn dealers). Interestingly, these strategies
constitute an equilibrium irrespective of how refined the information is. The benefits and
losses from price discrimination are distributed unevenly between the two firms, with the
high quality firm emerging as the only winner. More specifically, equilibrium profits of the
high quality firm monotonically increase as the information becomes more refined. In
contrast, the profits of the low quality firm monotonically decrease with an increase in the
precision of consumer information. Social and consumer welfare are monotonically
increasing with respect to the precision of consumer information.

Contrary to Corts, who focuses on two-group discrimination and shows that both firms
become worse off with price discrimination, we find that when firms have the ability to
segment the consumers into more than two groups, the high quality firm becomes better
off. Our results demonstrate the robustness of the Shaffer and Zhang (2002) result, that
only the high quality firm price discriminates, even if we do not have perfect price
discrimination. Finally, our results are in direct contrast to Thisse and Vives, who show
that both types of firms will price discriminate. This highlights the importance of the
source of firm asymmetry. While Thisse and Vives focus on cost-based asymmetry, we
focus on demand side asymmetry.

The rest of the paper is organized as follows. The model and the four-stage game is
presented in Section 2. The game is analyzed in Section 3. Section 3 also contains the
welfare analysis. We summarize in Section 4.

® In our setting, the model with symmetric firms cannot be obtained as a special case of the asymmetric firms
model, as it is the case in Shaffer and Zhang (2002) and Thisse and Vives. This is because the presence of
customer information of varying degrees of precision has already complicated the analysis significantly and the
addition of one more parameter (i.e., the one that would allow us to parameterize the degree of firm asymmetry)
would make the analysis intractable. Therefore, one has to solve the case of pure horizontal differentiation
separately from the case of pure vertical differentiation. See Sections 3.2 and 3.4 of the present paper for a
comparison between the results obtained here and those in Liu and Serfes.
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2. The description of the model

Two firms—low quality L and a high quality H, indexed by i—sell competing brands
to a continuum of consumers. Consumers differ in their tastes (or income), described
by the parameter 0 which is uniformly distributed on the interval [0,1] with density 1
(Mussa and Rosen, 1978). The quality of firm H’s product is denoted by sy and that of
firm L by sp, with sy=>s;>0. Let py and py denote the prices that firms H and L
charge, respectively. Each consumer buys at most one unit of the good. Consumers
have the same indirect utility function which is described as follows,

U — { V + 0s; — p;, if a consumer purchases firm i’s product
0, otherwise.

We assume that ¥ is sufficiently high, ensuring that the market will be covered.” We
denote the difference in product qualities, sy—sr, by A and the premium consumers are
willing to pay for the high quality product by x=0A. It then follows that the parameter x is
uniformly distributed on the interval [0,A] with density 1/A. Therefore, a consumer who is
located at point X €[0,A] will purchase firm H’s brand if and only if X > py—p;. Also, we
assume that the cost function is of the form, C;=s?/2 (i.e., marginal costs are zero).?

Firms can develop or acquire a database which helps them segment the consumers
into distinct groups based upon each consumer’s relative brand loyalty. For example,
firms may obtain information about each consumer’s income bracket. Consumers in the
same bracket are pooled together. This indicates the premium people are willing to pay
for the high quality product. We assume that the information partitions the [0,A]
interval into N sub-intervals (indexed by m, m=1,..., N) of equal length. In this case,
a firm can charge different prices (p;,, i=H,L and m=1,...,N) to different groups of
consumers, through the use of targeted coupons. Arbitrage between consumer groups is
not feasible.

We further assume that N=2*, where k takes on all integer values, k=0,1,2,3.4. ...
Hence, N will parameterize the precision of consumer information, with higher N’s
being associated with higher information precision. Moreover, N=1 corresponds to no
price discrimination and N= o to perfect price discrimination. Note that N does not
take on all integer values, but rather N=1,2,4,8,16. .. (i.e., information refinement). We
assume that information of precision N is available to both firms at an exogenously
given price (fixed cost) >0 and that the current state of technology dictates N which
the firms take as exogenously given. Hence, our model is static and the effect of
information improvements on the equilibrium is captured by comparative statics
analysis.

7 See footnote 14 where we discuss how our results are affected when the market is allowed to be uncovered by
setting V'=0.

8 Hence, we view the cost of developing a certain quality as a fixed cost (i.e., the cost of designing a product, or
developing a brand name), which has no effect on the marginal cost of production [this assumption has been made
by a number of papers in the vertical differentiation literature, e.g. Section II of Motta (1993)]. The analysis
becomes intractable if we introduce a marginal cost of production that depends on the quality of the product.
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We analyze a four-stage game with simultaneous and independent decisions at each
stage. The game unfolds as follows:

e Stage 1: Product quality decisions. Firms choose sy and sy.

* Stage 2: Information acquisition decisions. Given the level of information precision N
and acquisition cost />0, firms decide whether to acquire information.

* Stage 3: Regular pricing decisions. Firms choose their regular prices.

» Stage 4: Promotional pricing decisions. The firm(s) with information distribute(s)
targeted price promotions (discounts) to the consumer segments.

Our setup parallels the multistage games that have been examined in the literature (e.g.
Banks and Moorthy, 1999; Liu and Serfes, Rao, Shaffer and Zhang, 1995, 2002) and Thisse
and Vives) where firms choose their promotional strategies after they have chosen their
regular prices. This assumption is consistent with the common view that a firm’s regular
price can be adjusted more slowly than the value of targeted coupons. In addition, if both
decisions are made simultaneously no pure strategy equilibrium exists in the subgames
where only one firm has information (see also Shaffer and Zhang, (1995, footnote 11)).

In the next section, we look for a subgame perfect equilibrium of this game.

3. Analysis

We solve the game backwards, by first analyzing the four subgames after the firms’
information acquisition decisions in stage 2. The first subgame is when neither firm
acquires information and they both set their regular prices in stage 3. Stage 4 is never
reached in this case. The second subgame occurs after both firms have acquired
information. In stage 3, they both choose their regular prices and promotions take place
in stage 4. In the third subgame only firm H possesses information, while in subgame four
firm L is the sole owner of customer information. In the last two subgames, firms set their
regular prices in stage 3 and the firm which has consumer information offers price discounts
(in stage 4), after it observes the regular price of its rival. After having solved all four
subgames, we proceed to stage 2 where the firms choose whether to acquire information or
not. The cost of information, F, is ignored when we solve stages 3 and 4 of the game. It is re-
introduced in stage 2. Finally, in stage 1, firms choose their product qualities.

3.1. Pricing decisions (stages 3 and 4)

In this subsection, we solve for the equilibrium in each of the four subgames. The
product qualities sy and sy (and consequently A=sy—s;) are fixed.

3.1.1. Subgame 1: Neither firm has information (NI,NI)
The indifferent consumer is located at X=py—p;. Firms’ demand functions are

L and dL:[%~



346 Q. Liu, K. Serfes / Int. J. Ind. Organ. 23 (2005) 341-354

1-st segment e m-th segment
1 1 1 1 1
o A Am-1)  Am A
N N N

Fig. 1. Partition of the [0,A] interval.

It can be easily shown that the equilibrium prices and profits are,
2A A 4A A
(pu,pL) = (3,3) and (nELNIvnEmI) = (9a9) (1)

3.1.2. Subgame 2: Both firms have information (I,1)

Without any loss of generality, we can ignore stage 3 and move directly to stage 4.
When firms have the ability to change their prices in stage 4, stage 3 becomes irrelevant.
Since both firms have acquired information, they know in which of the N segments each
consumer is located and therefore they are able to charge different prices for different
segments. The interval [0,A] is equally divided into N segments, each one having length
equal to A/N. Segment m can be expressed as the interval [A(m—1)/N, Am/N], where m is
an integer between 1 and N (see Fig. 1).

In segment m, firms H and L charge prices py,, and py,,, respectively, the demands of
their products are,

m (pHm —D Lm)

dym =7 == and d, =

with dy,, and dy,, in [0, 1/N]. Their profits are,

(pHm _me) _ (m - 1)
A N

TtHm (_pHmame) :pHdema and TLm (pHmvme) :medLm-
Firm i’s, problem is,

max 7y, (PHm, PLm), for each m, m =1,... )N, and i = H, L.
p[n120

The next proposition summarizes the solution to the above problem.

Proposition 1. Assume that both firms acquire information. Both firms sell positive
quantities in the first segment (m=1) for any N>2. The equilibrium prices in the first
segment are,

2A A
(PHhPLl) = (W’W)

In the remaining segments firm L’s market share is zero, in equilibrium. The equilibrium
prices in these segments are,

— DA
(Pams PLm) = (%,0)7 where m = 2,...,N.
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Fig. 2. Profits in subgames 2 and 3, (I,I) and (I,NI).

The equilibrium profits, over all segments, are,
LI LI 9N? —9N +38 A
<”H(N)7”L (N)> = <A{T ON? ) (2)

Proof. The proof is similar to the Proof of Proposition 1 in Liu and Serfes.” O

Firm H’s profits exhibit a U-shape as a function of the information precision N, exceed
the non-discriminatory profits for N>8 and approach A/2 asymptotically. In contrast, firm
L’s profits monotonically decrease with N and approach zero asymptotically (see Fig. 2).

The intuition behind the behavior of the equilibrium profits is as follows. In the standard
vertical differentiation model, where each firm sets only one price (e.g. Shaked and Sutton,
1982), the high quality firm charges a relatively high price. This allows the low quality firm
to realize a positive market share, despite the fact that all consumers prefer the high quality
firm’s product. In our model, the availability of consumer information allows firms to
segment the market and charge more than one price. This generates two opposing effects that
govern market interaction. On the one hand competition intensifies because firms do not
rank the different consumer segments in the same way (i.e., best response asymmetry, Corts).
For instance, firm H’s strongest segment (i.e., m =N) is firm L’s weakest and vice versa. As a
consequence a firm has a strong incentive to offer a deep discount to the relatively more loyal
customers of the rival. The rival in response lowers its price and all-out competition ensues.
On the other hand, firms can extract more consumer surplus from their loyal consumers. At
low levels of information precision, the intensified competition effect dominates the surplus
extraction effect. As the information becomes more refined, the high quality firm can extract
more surplus from the consumers (and relatively more from those with high quality
valuation than from those with lower quality valuation). This is how the U-shape of the high
quality firm’s profit function is generated. The low quality firm, on the other hand, has no
loyal customers and therefore its ability to extract surplus is diminished. Its price and market

° The proof can be found on the journal’s Web page.
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share decrease as the high quality firm’s ability to target consumers increases. Not
surprisingly, its profits approach zero asymptotically.

Firm asymmetry is critical for the results obtained in Proposition 1. With symmetric firms (i.c.,
when firms have equal customer bases at equal prices, as in a horizontal differentiation
model), the surplus extraction effect is not as strong as it is when firms are asymmetric. In
Liu and Serfes (where firm symmetry is assumed), the equilibrium profit functions of both
firms are U-shaped and always below the non-discriminatory profits. Price competition is
intense when no firm has a clear advantage. In contrast, in a vertical differentiation setting,
the distribution of industry profits always favors the high quality firm.

Corts shows that when two vertically differentiated firms price discriminate between
two consumer groups (N=2 in our model), then price discrimination leads to lower
profits for both firms (observation 2, p. 311). This is consistent with our model. If we set
N=2, both firms are worse off relative to the no discrimination outcome. It can also be
seen that focusing on two-group discrimination may be quite restrictive, as the high
quality firm’s discriminatory profits quickly exceed (i.e., when N>8) those under a
uniform price (see Fig. 2).

3.1.3. Subgame 3: Only firm H (high quality firm) has information (I,NI)

We demonstrated in Proposition 1 that when both firms have acquired information, firm L
has zero market share in all segments except the first one. It follows that when firm H has
information and firm L does not, then firm L cannot sell to any customers other than the
ones in the first segment. The reason is that when firm L charges a uniform price, that price
has to be strictly positive, whereas when firm L has information (as in the I,I subgame) its
price in all segments, other than the first one, is zero. Therefore, firm L will set, in stage 3,
its uniform price to maximize its profits from the first segment only, ignoring the
remaining customers. This price should be equal to firm L’s price in segment 1 (py;) of
subgame 2. It can be easily shown that the equilibrium prices in the first segment are,

2A A
(PHMPL) = <3N’3N>

Firm H, given firm L’s uniform price (pr), sets, in stage 4, its discriminatory prices in
the remaining segments (m =>2) to (just) drive firm L out of the market, i.e.,

Cpamep) =) L AGm-2)

dm— - - m = T ~Sar =
L A N Pr 3N n

., N.

The equilibrium profits over all segments are,

(A A w) = (AP 2] o ) ®)

Firm H’s equilibrium profits monotonically increase with the precision of consumer
information, while firm L’s profits monotonically decrease (Fig. 2). As in subgame 2, firm
H prices firm L out of all consumer segments except the first one. The difference is that, in
the present subgame, firm L does not fight for market share in the segments other than the
first one. This is because firm L cannot charge more than one price and therefore it focuses
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entirely on its stronger market (i.e., the first segment). As a consequence the surplus
extraction effect is dominant for firm H in the remaining segments (i.e., m =>2) and its

profits monotonically increase and dominate those from subgame 2 (i.e, nﬁ’NI>nﬁ’I .

3.1.4. Subgame 4: Only firm L (low quality firm) has information (NI 1)
Firm H chooses its regular price py in stage 3 and firm L chooses its promotional prices
Prm> m=1,....N in stage 4. We first solve firm L’s problem. Its demand in each segment is,

(pu —pLw)  (m—1)

dLm: A — N y formzl,...,N.
Given py firm L chooses the depth of the discount that it offers to maximize,
N
NLI _

TCL — medLm-
m=1

Let pi,.(N, py), m=1,. . .,N denote the solution to firm L’s maximization problem. Now
let’s turn to firm H’s problem. Its demand in each segment is,

g —m _ (pu—pln(N,pu))
Hm —

N A

, form=1,.N.

Given the reaction function of firm L, firm H chooses its regular price py; to maximize,

N
NII d
Ty =PH Z Hm -
m=1

The next proposition summarizes the solution to the above problem. In the proof of this
proposition we can no longer solve for the equilibrium in each segment separately, as we
did in Proposition 1, because firm H due to its inability to charge more than one price
cannot treat the consumer segments independently. This unbalanced distribution of
information between the two firms adds to the difficulty and length of the proof
significantly. Nonetheless, we were able to obtain closed form solutions and characterize
the problem to its fullest extent.

Proposition 2. Assume that only firm L has acquired information. Then, for each
N= 2 there exist two thresholds (integers) m; and m, (with 0<m;<m,<N+ 1) where,

N N
mlzi—landmzzi—i—Z

such that:

i) Firm H s regular price is: py = A(% + ﬁ)

i) [This case is valid only when m; >1]. Firm LS equilibrium demand is equal to 1/N
in all segments from 1 to m;. Firm H’s equilibrium demand in these segments is

zero. Moreover, firm L's prices are, pim= A(% + ﬁ — %) m=1,...mj.
iii) Both firms sell positi\;e quantities in the segments from m;+1 to m,—1. Moreover,

firm L' prices are, p;,, = A(% —i—% —%) m=m;+1,. ..,my—1.
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Fig. 3. Profits in subgame 4, (NLI).
iv) [This case is valid only when m, <N]. Firm Hs equilibrium demand is equal to 1/N
in all segments from m, to N. Firm LS equilibrium demand and prices in these

. *
segments are zero, i.e., pr,=0, m=m,,...,N.

Finally, the equilibrium profits of each firm are,

16N2 7 32N?

(N V), (V) = (A(ZN +1)" A(UN?— 4N+ 5))

Proof. The proof is similar to the Proof of Proposition 2 in Liu and Serfes.'® O

Firm H’s equilibrium profits monotonically decrease and approach A/4 as the
information tends to become perfect. Firm L’s profits on the other hand are U-shaped
and approach A/8 asymptotically (Fig. 3). The intuition is similar to that after
Proposition 1, with the only difference being that firm L has information while firm H
does not. Therefore, firm H’s initial advantage over firm L gradually diminishes as the
precision of consumer information increases. Firm L is now able to extract consumer
surplus after N exceeds a threshold, since its ability to target consumers increases and
firm H cannot do much with only one price. Firm H’s advantage, however, never
disappears and that is why its profits are positive even when firm L has perfect
information.

3.2. Information acquisition decisions (stage 2)

The game played between the two firms in the second stage can be summarized in
Table 1 below.

The profits in the cells in Table 1 have been taken from Egs. (1)—(4). We also include
F>0, the cost of acquiring information. The following proposition summarizes the
equilibrium in the game.

10 The proof can be found on the journal’s Web page.
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Table 1
Stage 2: Firms’ payoffs
H/L NI I
M (5:5) (MNHV A(aw—av+s) _F)
682 32N7
I
N2 — A N2~ A
(s[a2] - i) (3] - -

Proposition 3.

L. If the cost of information, F, is below the threshold F(N) = % then only firm H
(high quality firm) acquires information, i.e., (I,NI) is the unique Nash equilibrium for
all N> 2.

2. If the cost of information exceeds F(N), then neither firm acquires information, i.e.,

(NLNI) is the unique Nash equilibrium for all N> 2.

Proof. The proof is straightforward and is omitted. O

If the cost of information is relatively low (i.e., below F(N)), then the high quality
firm enjoys the benefits of consumer information.'' It finds it profitable to acquire
information and becomes better off relative to the non-discriminatory outcome, even when
the customer segmentation is not very refined. On the contrary, the low quality firm
becomes worse off (see the equilibrium in subgame 3). Hence, the prisoners’ dilemma,
which is the recurrent outcome when firms are symmetric, is now avoided regardless of the
precision of consumer information. The reason is that the price flexibility due to
customer information enables the high quality firm to exploit the consumer preference
bias in favor of its product. The low quality firm stands no chance when its rival can
customize its prices. The low quality firm’s best response is to commit to a uniform
price, while the high quality firm engages in price discrimination. As a
consequence, the high quality firm can extract consumer surplus without having
to bear the adverse effects of intense price competition. What is quite interesting is
that this behavior is an equilibrium outcome even when the quality of information
is very low.'?

Firm symmetry, as it is shown in Liu and Serfes, leads to a prisoners’ dilemma when the
precision of information exceeds a certain threshold (i.e., N >8). When N <8, both firms
commit to a uniform price. In contrast, with asymmetric firms, as in the present paper, only
the low quality firm commits to a single price regardless of how refined customer
information is. Furthermore, the high quality firm becomes increasingly better off, while

' In the rest of the paper, we assume that the cost of acquiring information is sufficiently small and we ignore it.
12 1f information is costless, F=0, then (II) is also an equilibrium when N >4. Moreover, if we do not allow
firms to play weakly dominated strategies, then (I,I) becomes the unique equilibrium when N > 8. This is because
in this case NI becomes firm L’s weakly dominated strategy.
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the low quality firm increasingly worse off as the precision of consumer information
improves (see Fig. 2)."°

3.3. Firms choose their product qualities (stage 1)

We know from the analysis so far that (ILNI) is the unique equilibrium (provided that
the cost of information is not too high) for any value of A=sy—s;. Therefore, the firms’
profits can be written as,

INI 9N? — 3N +2 5% INI (su—sL) st
Ty (N) = (SH—SL)[W 5 and 7, (N) =

It then follows easily that the equilibrium levels of product qualities are,

9N? —3N +2
18N?

We have also examined a global deviation in product quality, by which the low quality
firm increases its quality drastically and becomes the high quality firm. Such a deviation is
unprofitable for all N. On the other hand, the high quality firm clearly has no incentive to
become the low quality firm.

Note that sy is an increasing function of the consumer information precision and it
asymptotically approaches 1/2.'* Furthermore, it can be readily verified that 7;;™' (V)
monotonically increases and 7{""'(N) monotonically decreases with N (as in Fig. 2) after
we substitute the equilibrium product qualities from Eq. (5) into the profit functions.

Sy = and sp =0 (5)

3.4. Welfare

We evaluate the welfare implications of the equilibrium outcome (I,NI). Social surplus
will be the difference between the maximum possible benefit to the consumers, V' +(sy/2)
(i.e., when all consumers purchase their favorite brand), and the loss from part of the first

13 The limit of our game, when N— oo, is consistent with the result obtained in Shaffer and Zhang (2002). In our
model, both the marginal cost of targeting consumers and the horizontal differentiation component are zero (i.e.,
z=0 and /=0 in Shaffer and Zhang). Given these parameter values Shaffer and Zhang show (Proposition 2, p.
1148) that only the high quality firm offers targeted promotions. Our Proposition 3 then demonstrates that this is
not just a limiting result but rather a quite robust phenomenon.

' The results that we have derived so far do not change much qualitatively if we allow the market to be
uncovered. More specifically, we set /=0 and we were able to obtain closed form solutions (for fixed sy and s1)
for all subgames, except (NI,I). We then showed that (I,NI) continues to be an equilibrium. However, we could
not solve for sy and sy explicitly as a function of N. If we assign specific values for N, numerical solutions can be
obtained. Based on these solutions, sy is an increasing function of N and it asymptotically approaches 1/2, exactly
as in the covered market case. Moreover, sy is strictly positive, is decreasing as a function of N and it
asymptotically approaches 0 (s;.>0 for finite N’s is not surprising, given that the market is uncovered). As we
mentioned above, in the uncovered market case, closed form solutions for the (NI,I) subgame cannot be derived.
Therefore, we cannot conclude with certainty that (ILNI) is a unique equilibrium, although we conjecture that this
should be the case, i.e., when the cost of information, F, is sufficiently small firm H will have an incentive to
deviate to I (given that firm L plays I) and therefore (NLI) is not an equilibrium. This should be the case since the
high quality firm (firm H) has an advantage over all consumers and with some pricing flexibility, it should be able
to exploit this advantage.
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segment, [0, x*], where the consumers who buy from firm L are located. The cutoff point
x* is equal to py;—pr=A/3N.
Therefore, social surplus is,

1 A
SS:V+/ Hsﬂde—/nidx:VJrs—H— o
0 0 A

2 18N%T

Consumer surplus is the difference between social surplus and joint profits, i.e.,
5s S 5%
INI _ _INI H H
CS=8S—ny —mn =V-—- (—18N2 . __H).

Using the equilibrium qualities from Eq. (5), it can be easily verified that both social
and consumer surplus are monotonically increasing with N. This differs from the
consumer welfare result derived in Liu and Serfes, where consumer welfare exhibits an
inverse U-shape with respect to the information precision N. This implies that in a model
of horizontal differentiation moderate precision of consumer information is best for the
consumers, while this is not true in a vertical differentiation setup.

4. Concluding remarks

We propose a price discrimination duopoly model with vertically differentiated
products to examine the effect of customer-specific information of varying degrees of
precision on the equilibrium of a four-stage game. In stage 1, firms choose their product
qualities. In stage 2, firms decide whether to acquire consumer information of a given level
of precision. We model consumer information as a partition of the characteristics space. A
firm who acquires information is able to segment consumers and charge each consumer
group a different price. Information of a higher precision is modeled as a partition
refinement. Therefore, our modeling framework bridges the gap between the two most
studied models in the literature of two-group and perfect price discrimination. In stages 3
and 4 firms compete in prices.

We show that the high quality firm always benefits from acquiring information at the
expense of its low quality rival. If the cost of the customer database is below a threshold
level, then only the high quality firm acquires information and the low quality firm
commits to a uniform price. This is the equilibrium outcome regardless of the level of
information precision. The equilibrium profits of the high quality firm monotonically
increase and those of the low quality firm monotonically decrease as the precision of
information improves. Finally, social and consumer welfare monotonically increase with
the precision of information.
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