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1 Introduction

Earlier literature on information sharing among rival firms has mainly focused on two types of
information exchanges: i) firms share - directly or indirectly - their private signals about demand
conditions [e.g. Gal-Or (1985), Vives (1990) and Villas-Boas (1994)], or ii) firms exchange cost data
[e.g. Shapiro (1986) and Armantier and Richard (2001)]. The recent rapid growth of the Internet
as a medium of communication and commerce, combined with the development of sophisticated
software tools, are to a large extent responsible for producing a new kind of information: databases
with detailed records about consumers’ preferences. Such data are gleaned from a customer’s trans-
actions with a firm and public records and are used to assemble a detailed picture of consumers.!
Firms can utilize this information to improve the focus of their marketing campaigns, to design
products that better fit the needs of their customers and to tailor their price offers according to
each consumers’ brand preferences. These databases have become part of a firm’s assets, and as
such they can be sold to competitors. This possibility has raised numerous concerns from consumer
privacy advocates and regulators, who have entered into a heated debate with business groups and
industry associations about whether the practice of customer information sharing should be banned,
regulated, or left unchecked.? Nevertheless, there is very little theoretical work done on this issue.
This paper is a step in this direction. We look at rival firms’ incentives to share their customer-
specific information and we evaluate the welfare implications if such exchanges are banned, in the

context of a perfect price discrimination model.

We formulate a dynamic (two-period) location model of horizontal and vertical differentiation
with two rival firms. In the first period firms know only the distribution of brand preferences and
each charges a uniform price. At the beginning of the second period each firm collects detailed
(perfect) information about its own customers (i.e., the ones who purchased its product in period
1). Then, each firm decides whether to sell its customer database to the rival firm. The customer
information enables a firm, in the next stage, to price discriminate among consumers with different

degrees of brand loyalty.

L«Few consumers could write down even 1% of the amount of data that companies have about them,” Customer
Data Means Money, www.informationweek.com, August 20, 2001.

2For example see, “Senator takes aim at e-commerce data-sharing effort,” www.computerworld.com, December 7,
2000. Based on the Online Privacy Protection Act consumers should give their consent to firms before they share
customer information with a third party, e.g. “A very public battle over privacy,” Business Week, May 23, 2002.
However, firms make every effort to safeguard valuable consumer information and their option to sell it to third
parties. According to the latter article above, “...most companies burry the opt-out notices within masses of legal
jargon at the bottom of monthly mailings.”



We show that a necessary condition for some type of information sharing to be part of a subgame
perfect equilibrium is firm asymmetry. More specifically, when firms have equal customer bases
(i.e., pure horizontal differentiation), then in equilibrium, neither firm finds it profitable to sell its
database to the rival firm. With enough firm asymmetry, in the unique subgame perfect equilibrium,
the firm with the lower customer base (i.e., the low quality firm) sells its information to the firm
with the higher customer base (i.e., the high quality firm). The high quality firm never sells, in
equilibrium, its information to the low quality firm, regardless of the difference in the customer
bases between the two firms. If sharing of customer information is banned, then social welfare may
decrease or increase depending upon the degree of firm asymmetry and how heavily the future is
discounted. In addition, firms always become worse off, while consumers always become better off,

when sharing is banned.

Chen, Narasimhan and Zhang (2001) is a paper most closely related to our work. The authors
investigate the incentives of rival firms to sell customer information of imperfect targetability (ac-
curacy). The main differences between our model and theirs are: i) in their model there are three
types of consumers (loyal to a firm and switchers), while in ours there is a continuum of consumers,
ii) our information identifies the preferences of each consumer with perfect accuracy, while in their
model information may also be imperfect and iii) their model is static, whereas ours is dynamic.
They show that information sharing will take place provided that the size of the two firms’ loyal
customers is not too different and moreover the seller of information is the firm with the low level
of targetability. This is in contrast with our conclusion, where information sharing occurs if and
only if the two firms’ customer bases are sufficiently different. Fudenberg and Tirole (2000) use a
similar to ours two-period location model with symmetric firms, where in the second period firms
can segment the consumers into two groups (own customers and rival firm’s customers) depending
upon a consumer’s purchasing decision in period 1. Firms do not collect any further information
about their own customers and consequently the issue of information sharing does not arise. The
authors focus on the use of short-term and long-term contracts as part of a firm’s equilibrium

strategy.

The rest of the paper is organized as follows. In section 2 we present the model. The two-period
game is analyzed in section 3, where we search for a subgame perfect equilibrium which entails some
type of customer information sharing. In section 4, we solve the game assuming that information

sharing is banned and we assess the welfare implications of such a policy. We conclude in section



5. The appendix contains the proofs of propositions 2, 3 and 4.

2 The description of the model

There are two firms A and B who produce competing nondurable goods A and B respectively with
constant per-unit marginal cost of ¢ and are located at the two end points of the unit interval [0, 1].
There are two periods, t = 1,2, and a common discount factor § € [0,1]. The market is comprised
of a continuum of consumers uniformly distributed on the unit interval. Each consumer buys one
unit of either good A or B or neither in each period. A consumer located at point x derives utility,
in period t, Va — (x if he buys from firm A and utility Vg — ((1 — ) if he buys from firm B, and
a zero utility if he buys from neither firm, where ¢ > 0 is the per-unit of distance transportation
cost.]> We assume that Va > Vg, allowing the firms to be asymmetric. Hence, consumers z’s
relative preferences over the two goods is given by, £ = (Va — Vg) 4+ ((1 — 2x). There is a one-
to-one correspondence between x and ¢ and therefore from now on the representative consumer
is identified by ¢. We call £ consumer ¢’s degree of loyalty, which is uniformly distributed on the
interval I = [—lg,la], with lpo = (Va—VB) + (, B = — (Va — VB) + ¢ and density 1. Clearly,
la > lg and {a > 0. Consumers with positive loyalty prefer brand A, while consumers with negative
loyalty prefer brand B, all else equal. We further assume that /g > 0. If /o = {g, the model is
analogous to the standard model of horizontal differentiation. If g = 0, it becomes the standard
model of vertical differentiation. If £a > fg > 0, the setup has elements of both horizontal and
vertical differentiation. Let p& (¢) and p§ (¢) denote the price offers to consumer ¢, from firm A
and B respectively, in period ¢. We denote by 7% and 7§ firm A’s and B’s profits respectively in
period t. By Ila and IIg we denote the sum of discounted profits over the two periods. The firms
act to maximize Ila and IIg. Consumer ¢ maximizes her discounted sum of period utilities, using

the same discount factor § as the firms.?

At the beginning of period 1 firms know only the distribution of consumer preferences. At the
end of period 1 each firm collects detailed (perfect) information only about its own consumers’

brand preferences (i.e., the ones who purchased its product). A firms can sell its information

SWe assume that there is no aggregate demand response. In other words, the value of the goods is sufficiently
high and therefore the market is always covered.

4A similar model, but in a static version, has been employed by Shaffer and Zhang (2002).



directly to the rival firm, or indirectly by first selling it to a market-research company, knowing
that the latter will sell it to the rival.> This distinction does not make a difference, in our model,
and we will assume that selling is direct. Also, we assume that firms follow a simple strategy
in regards to the information sharing: a firm sells its entire customer database as it is. In other
words, we do not search for an optimal selling mechanism. For example, we have excluded strategies
on part of the information seller such as: selling only part of the information, or even damaging
the information by “throwing in” some noise. This issue is certainly very interesting, but it goes
beyond the scope of the present paper. Furthermore, to simplify the analysis, we have assumed that
a firm has no information about the brand preferences of the rival firm’s own customers prior to
information sharing (besides, of course, knowing that these customers are not its own). In practice,
firms may possess such data, albeit this information is most likely to be more noisy than the rival’s
corresponding information. Therefore, our implicit assumption in this paper is that this noise
is sufficiently high, so that a firm cannot segment the consumers of its rival (before information

sharing takes place).

There are two types of customer information sharing that will be considered in this paper,

e Two-way information sharing, where firms exchange their customer databases (the net price

may be strictly positive).

e One-way information sharing, where only one firm sells its customer information to its rival.

Firms can price discriminate by (say) sending coupons with different face values to different
consumers. There are three distinct types of pricing strategies that a firm can adopt, in our context:
i) uniform pricing, where each consumer on the [—{g, {a] interval receives the same price, ii) blanket
couponing, where a group of consumers (strictly smaller than the whole [—¢g, {a] interval) receives
the same price and iii) targeted couponing, where each individual consumer receives a different
price. If firms do not share their customer information, then each firm distributes blanket coupons
to the customers of the rival firm and targeted coupons to its own customers. If there is a one-way
information sharing, then the firm with all the information sends targeted coupons to all consumers,

while the other firm sends targeted coupons only to its own customers and blanket coupons to the

SRecently, Wal-Mart decided to stop selling customer data to market-research companies, since this practice
benefits Wal-Mart’s competitors more, Customer Data Means Money, Aug. 20, 2001, www.informationweek.com.



customers of its rival. Finally, if there is a two-way information sharing, then each firm sends

targeted coupons to all consumers.

The game we will analyze unfolds as follows:

e In stage 1, firms, simultaneously and independently, choose their uniform prices.

e In stage 2, consumers decide from which firm to buy.

In stage 1, each firm decides whether to sell its customer information to its rival firm.

In stage 2, firms, simultaneously and independently, choose their blanket coupons.

In stage 3, firms, simultaneously and independently, choose their targeted coupons.

In stage 4, consumers decide from which firm to buy.

We assume that targeted promotions, in period 2, are chosen after firms have decided about
the value of their blanket coupons. This set up parallels the multistage games that have been
examined in the literature [e.g. Banks and Moorthy (1999), Rao (1991), Shaffer and Zhang (1995
& 2002) and Thisse and Vives] where firms choose their promotional strategies (targeted coupons)
after they have chosen their regular (uniform) prices. This assumption serves two purposes. First
it is consistent with the common view that a firm’s regular price can be adjusted slower than the
choice of targeted coupons and second if both decisions are made simultaneously no pure strategy
equilibrium exists. Although, blanket coupons in period 2 are not exactly the same as a uniform
price, blanket coupons have an element of stickiness, relative to targeted coupons, similar to that
of a regular price. Moreover, a pure strategy equilibrium does not exist when firms choose blanket

and targeted coupons simultaneously (for the same reason that it does not exist when firms choose



regular prices and targeted coupons simultaneously).® Hence, we model these two strategic choices

in period 2 sequentially. Furthermore, there is no need to include a regular price in period 2.7

Remark 1. We completely ignore other possible utilizations of consumer information by the
firms and we focus entirely on its use as a facilitator of price discrimination. Furthermore, we
overlook possible non-economic effects (e.g. pure privacy issues) that information sharing may
have on consumers. Also, we assume away the likelihood that a firm’s customer database can also
be shared with a non-rival firm, which is very likely to benefit both parties. Moreover, there is no
demand creation in our model, another positive aspect of having detailed information. Our purpose
in this paper is to identify equilibrium strategies regarding sharing of customer information in the

most competitive environment, where only the business stealing effect is present.

Remark 2. We assume that the information enables the firms to learn the location of each
consumer with perfect accuracy (perfect information). In reality, firms can identify each consumer’s
brand loyalty with some noise, which depends on the quantity and quality of the available infor-
mation. In Liu and Serfes (2003), we solve a symmetric (pure horizontal differentiation) price dis-
crimination model with imperfect information about consumer brand preferences. The imprecision
with which each consumer’s loyalty is identified depends on the quality of the available information.
As the quality increases the noise is reduced. The limit of this process is the perfect information
paradigm. Although this modeling approach seems more realistic, it renders the model intractable
when it is coupled with firm asymmetry (a very crucial assumption in the present model). Hence,

one can view the results in the present paper as the solution to an interesting limiting case.

In the next section, we search for a subgame perfect equilibrium (SPE). In particular, we are

interested in a SPE in pure strategies where some type of information sharing takes place.

3 Analysis

In this section, we proceed as follows. After the first period ends, there are four subgames following

the firms’ decisions about whether to share information or not: i) no information exchange (N E), ii)

5Proof is available upon request.

"See the discussion in Liu and Serfes as to why a regular price does not play a sheltering role in the absence of
targeting costs (an assumption that we maintain in this paper).



one-way sharing, where only firm A sells its information to B (A — B), iii) one-way sharing, where
only firm B sells to A (B — A) and iv) two-way sharing (A «— B). We analyze each subgame by
finding the equilibrium prices and profits. We assume that an information selling transaction will
occur if and only if there are gains from trade (GF'T), i.e., joint firm profits strictly increase over
the profits prior to that transaction.? Furthermore, firm A’s and B’s bargaining powers over the
surplus from the information sharing are (1 — o) > 0 and o > 0 respectively. Then, we move up to
period 1, where firms choose their uniform prices to maximize the discounted sum of profits over
the two periods. Consumers also act strategically in period 1. In particular, they maximize the
discounted sum of their utility over the two periods by correctly anticipating the firms’ information

sharing decisions and the period 2 equilibrium prices.®

3.1 Period 2: Information sharing and pricing decisions

Let ¢* denote the marginal consumer in period 1. We assume that if a consumer is indifferent
between the two brands, then she buys the product that she prefers if the prices were the same.
If £* > 0, then firm A collects information about its own consumers, who are the ones located in
[¢*,0a], while firm B collects information about the consumers located in [—¢g, ¢*). If ¢* < 0, then
the marginal consumer belongs in firm B’s database. We begin with the case where ¢* > 0. Let

Il = [5*,€A] and Iz = [—63,6*).
e Subgame 1: No exchange of information (NE).
Each firm first sends blanket coupons to the customers of the rival firm and then distributes

targeted price promotions to its own customers.’® Lets’ first examine the interval I;. Since the

cutoff point is in firm A’s territory, firm B will send the same price offer pZB = ¢ to all consumers.

8In this paper, we have assumed that consumers do not care about how information about them is used and
whether it is shared or not. The other extreme is to assume that consumers must give their consent before firms
share (or sell) their information. Then, consumers (or a party representing them) essentially enter, along with firms,
into the bargaining process over the distribution of surplus from sharing information. This scenario is also likely
given recent regulatory efforts to impose an “opt-in” standard, by which firms must obtain permission before a
consumer’s information is shared with third parties (see, Report for Congress, “Internet Privacy: Overview and
Pending Legislation,” Feb. 6, 2003, www.epic.org). We reserve this interesting topic for future research.

®This modeling assumption is also made in Fudenberg and Tirole.

10A firm is allowed to send blanket coupons to its own customers as well, but this possibility is ignored due to the
flexibility of charging individualized prices in the next stage. In addition, blanket coupons - like a regular price -
serve no sheltering role in the absence of targeting costs. This holds true for all the subgames we analyze.



Firm A’s best response is to offer pa (¢) = ¢ + c¢. Each consumer is indifferent between the two

firms and therefore buys from firm A. The profits are,

2 A, G — () 2 :
A= (pa () —c)dt = = and 7g = 0, (in segment Iy). (1)

Therefore, the joint profits in the interval I are,

2 _ ()2
NE _ w, (in segment I7). @)

Now we examine the firms’ strategies and profits in the interval I». Firm A sends blanket
coupons, pi, to the consumers in this interval, while firm B responds by sending targeted price
offers. Given p,%\, firm B’s best response is to set sz 0) = p%\—@ > c. Clearly the marginal consumer
{ is located in (0, ¢*) and is given by / = pa — ¢. Since firm B knows the location of each consumer
perfectly it charges a price equal to marginal cost to the marginal consumer. Firm A chooses pzA

to maximize,
. * ,
W%\:(pic)[\ d@z[@ (p%\—c)—(pi—c)}.
=pa—cC
The first order necessary and sufficient condition is,

WA oo —c) =0 = ph = = 3)

— =0 - —c) = =—+4c

dpa PA Pa 9

Hence, { = Pa — ¢ = £*/2. Therefore, firm A’s profit in the interval I is,

“ 2
A = (p,%\ —c) /* dl = ( 4) , (in segment I7). (4)
z
Firm B’s profit in [ is,

~k ~k

z z * 2
T3 = /_ (sz () —c)dt = /_ (p,%\ —l—c)dl = %, (in segment I7). (5)

B

The joint profits in the interval I» are,

3(0%)% + 404 + Al

ANE = (4) +(5) = :

, (in segment I3). (6)

The joint profits in [—{g, {a] are,

427 %) 2 42 40*
ANE = (2) + () = TA A e T A0Te ™




e Subgame 2: Firm A sells its information to firm B (A — B).

In the interval I; firm B sets sz = c and firm A charges pzA (¢) = ¢+ L. The profits of each firm

in this interval are,

Y PTG L 61
A= | = 5 and mg = 0, (in segment I7).

*

The joint profits in this interval are,

2 (px)2
aA—B = w, (in segment I7). (8)

In the interval I, joint profits are the same as in (6) since firm A has no information about
firm B’s customers. Hence the joint profits in [—(g, ¢a] are,

402 _ %2 402 AL

Note that 7NE = 7A=B [ie., (7)=(9)] and therefore no gains from trading information exist

when firm A sells its information to firm B.

e Subgame 3: Firm B sells its information to firm A (B — A).

Firm B captures all the consumers in [—¢g, 0] where firm A charges a price equal to p4 = ¢ and
firm B offers individualized prices pg () = c—¢. Firm A captures all the consumers in [0, £s] where
firm B charges a uniform price equal to p4 = c and firm A offers individualized prices p4 () = {+c.

The profits are,

‘A 62 0 52
wiz/ €d£:—Aand7rzB:/ tde =8, (10)
0 2 s 2
Hence, the joint profits are,
04 + (2
WB_’A:W%\—FWZE,:—A; B, (11)

Firm B will sell its information to firm A if and only if 7B~A > 7NE_ In other words, if and

only if,
2 _ (p¥\2 2 *
2 42 (468 = () + 46 + a0 ()
A_B > =
2 8
(0 — 44
GFT = % >0<= 0" > 4. (12)
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e Subgame 4: Firms exchange their information (A «— B).

The joint profits are the same as in subgame 3. Joint profits remain unchanged when firm A

sells its information to firm B (see subgame 2). Hence, no such transaction will take place.

Next, assume that £* < 0. It can be easily seen that firm A has no incentive to acquire firm B’s
information, for the same reason that firm B has no incentive to acquire firm A’s information when

¢* > 0 (see subgame 2). The gains from trade when firm B acquires firm A’s information are,!

0% (0% + 4lg)

GFT =
8

> 0= 0" < —4lp.
Since ¢* cannot be less than —¢g, gains from trading information are negative when £* < 0.
The next proposition summarizes the results regarding information exchanges.

Proposition 1 (Information sharing in period 2). When firms are of the same quality
(i.e., Vo = V), then no exchange of consumer information takes place at the beginning of period
2. When firm A is the higher quality firm (i.e., Va > V), then: i) firm A never sells its customer

information to firm B, and ii) firm B sells its information to firm A if and only if (* > 4(g.

Proof. The proof is based on the results from the analysis of the four subgames. Note that
only in subgame 3 gains from trading information may be positive. Therefore, we focus on that
subgame. When Va > Vg and more precisely ¢a > 4¢g, information sharing (where B is selling
to A) is possible, provided that the first period marginal consumer ¢* is located at a point greater
than 4¢g [see (12)]. If, on the other hand, Va = Vg, then ¢a = ¢g and consequently the highest

possible £* is ¢a which is less than 4/g. Hence, there are no gains from trading information. m

The intuition behind the above result goes as follows. When ¢* > 0 some of firm A’s loyal
customers purchase in period 1 from firm B. Consequently, firm A does not have these consumers
in its database. This forces firm A to treat these consumers the same as the consumers who are
loyal to firm B. Now suppose that firm A obtains information from firm B. This gives firm A
the flexibility to charge customized prices to all consumers which creates two opposing effects that

govern market interaction: first, competition intensifies since firm A follows a more aggressive

1 The derivations are similar to the ones when ~* > 0 and are omitted.
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pricing strategy in firm B’s territory (negative effect) and second, profits for firm A from its more
loyal customers increase due to the surplus extraction effect (positive effect). Next, we look at these
two opposing effects more closely in each one of the four distinct market segments (see also figure

1). We compare the difference in joint profits between sharing and no sharing of information.

Firm B sdllsitsinformation to firm A

Buy from firm B: (pg=- Buy from firm A: (pg=cand
[+cand p,=¢) pa=1+€)
Al
- N
' ' L T |
Is 0 12 ! N

No exchange of information

Buy from firm B: (pg=-l+c+ I'/2 Buy from firm A: (pg=cand p,=
and p,= c+1°/2) I+c)
AL
- ™~
[ | | | |
f I I I 1
-lg 0 I"/2 I" Ia
%/_J
Buy from firm A: (pg=c and p,=
c+1'/2)

Figure 1: Second period prices and market shares

1. Interval [—¢g,0]. Joint profits decrease (only the negative effect is present). Firm A,
without firm B’s information, finds it in its best interest to focus on its own loyal customers.
This in turn helps firm B to raise its price to its own loyal customers and therefore firm B’s
profits increase compared to the outcome when B sells its information to A. Firm A makes

no sales in this interval, with or without information.

2. Interval [0, ¢*/2]. No change in joint profits (both effects are present, but cancel each other
out). When B sells its information to A, these consumers buy from firm A, otherwise they
buy from B. When both firms possess information about these consumers, the competition

is very intense for those located close to zero, but for the ones closer to £*/2 firm A extracts

12



more surplus, compared to the outcome where only firm B has information. It turns out that
there is a reduction in joint profits in the interval [0, ¢*/4] (due to intensified competition)
and an increase in joint profits in the interval [¢*/4,¢* /2] (due to surplus extraction), when
both firms possess information. Moreover, these two opposing effects cancel each other out

and the net effect on joint profits in the interval [0, £* /2] is zero.

3. Interval [¢*/2,¢*]. Joint profits increase (only the positive effect is present). Firm B looses
nothing since in any case it charges a price equal to marginal cost and its profits are zero,

but firm A gains since it can tailor its prices to each individual consumer.

4. Interval [¢*,¢a]. No change in joint profits (neither effect is present). These consumers
buy from firm A and firm B prices at marginal cost, under any type of information structure

that we have allowed for.

When the interval [¢*/2,¢*] is sufficiently greater than [—¢g, 0], the positive effect dominates
the negative. Practically, this means that firm A’s customer base is sufficiently greater than firm
B’s and moreover when firm A is forced to charge a uniform price, in period 1, it does not find it
profitable to serve all of its loyal customers. Rather, it charges a relatively high price to extract
more rents from its relatively more loyal customers. As a result, some of the customers who, all
else equal, prefer firm A’s product to firm B’s, end up buying from B in the first period.’?> But
once firms have the flexibility of charging discriminatory prices, firm A finds it profitable to reclaim
these consumers. If the size of this franchise is relatively big, then the gain in profits that firm A
experiences outweighs firm B’s losses. This finding echoes the result in Shaffer and Zhang (2002),
who show that the firm with the larger loyal following may become better off when firms move from
uniform to discriminatory pricing, i.e., the game need not be a prisoners’ dilemma. The idea in
that paper is that the market share effect - which benefits the firm with the larger customer base
- may dominate the intensified competition effect. This market share effect clearly plays a critical
role in our framework as well. Moreover, we take it a step further by comparing the gains of the

larger firm with the losses of its smaller rival.

It remains to be shown that the first period uniform pricing strategy that we described in the

above paragraph is indeed part of a SPE. This is what we do next.

12T his pricing strategy, on part of the firm with the larger loyal following, has been shown to be an equilibrium
strategy by Shaffer and Zhang (2002), in a static model.
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3.2 Period 1: Uniform pricing

In this section, we mainly search for a SPE where sharing of information takes place. As we proved
in the previous subsection, the only possibility is for firm B to sell its information to firm A. Thus,
in period 2 the game play is in subgame 3. Consumers have rational expectations. They know
how their purchasing decisions in period 1 will affect the information each firm has about them and
consequently the price offers they will receive from each firm in period 2. The marginal consumer £*
(with £* > 0, since otherwise sharing of information is not profitable) in period 1 must be indifferent
between buying from firm A today at price py (and entering firm A’s database) and then buying
again in period 2 from firm A at price £* + ¢, or buying from firm B in period 1 (and entering firm
B’s database) at price plB and then buying from A in period 2 at price £* 4 c¢. Thus the indifferent

consumer must satisfy,
[p,k—i—é(é*—i—c)] - [p13+6(€*+c)] =" = (" = pX — p.

Each consumer located to the right of £* purchases firm A’s product in both periods. Consumers
located in [0, £*) purchase from firm B in period 1 and then switch to firm A in period 2 (since
firm B sells information about these customers to firm A and since they are loyal to firm A, firm

B cannot get them). Finally, consumers in [—¢g,0) buy from firm B in both periods.

The information price (IP) firm A pays to firm B for acquiring firm B’s database is,

0+ (05 — Alg)

IP=0GFT =0 3 ,

where o is firm B’s bargaining power and the other term represents the gains from trade [see
Eq.(12)]. The profits of firm A and B in period 2 are given by Eq.(10). Therefore, firm A’s and

B’s discounted sum of profits are,

1 * EZA
Ma = (pA—c)(éA—ﬁ)—i-é[?—IP} and (13)
g = (plB—c)(E*—l-EB)—i-é[%—l-IP]. (14)

Firms in period 1 choose their uniform prices to maximize (13) and (14). The first period
price is chosen by a firm to strike an optimal balance in the trade-off between: i) losing (gaining)

marginal consumers in period 1 and having a smaller (larger) customer database in period 2 and

14



ii) gaining (losing) inframarginal rents in period 1. A SPE where firm B sells its information to

firm A is summarized in the proposition below.

Proposition 2 (SPE with information sharing). When {a > 13/g the unique SPE can be

described as follows:

e Period 1: The firms’ uniform prices are,
1 n(8—b0) g (4+Tb0)
Pa

= o + o +cand
ph = N (41; bo) n /g (81—2 760) ‘e
The marginal consumer is located at,
= LSKB) (15)

e Period 2: Firm B sells its customer database to firm A at price,

ln— ) (la — 130B)
72 ’

o
IP = (
The prices that each firm charges to each consumer are the same as in subgame 3.

e Both periods: The sum of discounted equilibrium profits are,

EPUR PR T 1, 5an L,

IMa = 9£A+ 953 + 25£A+ 950€A£B + 9€A€B 726J€A+ 7250€B and (16)
_dp e Lo 1 Lote - Loz 4+ sy

g = 9£B + 9€A+ 2(% 18(50£A€B + 9£A€B 72(50€A+ 72(50£B. (17)

Proof. See appendix. ¥

Firm A finds it profitable to set a relatively high price in the first period, so that some of its
loyal consumers buy from firm B [i.e., the ones in the interval [0,¢*)]. Firm B collects perfect
information about the consumers who purchased its product in period 1 and are in the segment
[—¢B, ¢*). Firm A collects perfect information for those in [¢*, {a]. Then firm B sells its information

to firm A. In the second period, each consumer buys from the firm she likes most.

We know, from propositions 1 and 2, that when {a < 13¢g then ¢* < 4/g and information
sharing is not part of a SPE. We do not pursue the solution of the game under the assumption that

* < 13(g, as this goes beyond the purpose of this paper.
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4 Information sharing is banned

In this section, we assess the welfare implications when a regulator does not allow firms to share their
information. Since when ¢a < 13/g, firms do not have incentives to share their information anyway,
we assume that a > 13¢g. Further, we assume that firms at the beginning of period 2, do not
share information and we compare this equilibrium outcome to the one where information sharing
is unregulated (see proposition 2). The profit functions (and the logic behind their derivation) are
the same as the ones given by Eqs. (A13) and (A14), when ¢* > 0, or the ones given by Eqgs. (A15)
and (A16), when ¢* < 0. The next proposition summarizes the SPE.

Proposition 3 (SPE when information sharing is banned). When ¢p > 13/g and

information sharing is banned, the unique SPE can be described as follows:

e Period 1: The firms’ uniform prices are,

1 5lad% —8lpS — 18(a8 + 24c — 106 + 160 + 8(p and
ba = 2(12 — 50)

1 30a8% —200g5 — 100a8 + 24c — 10¢6 + 8(a + 16(g + 40g 5
P = 2 (12 — 50) ‘

The marginal consumer is located at

o _ 2[0A(2-6) — 205 (1 - 6)]

¢ 12 — 56

(18)

e Period 2: The prices that each firm charges to each consumer are the same as in subgame 1,

where no exchange of information takes place.

e Both periods: The sum of discounted equilibrium profits are,

Ia = (4046° —60alpd® — 4lg&° + 46(alR 6% — 9567 + 2413 62

28046 — 36050 — 1040alR6 + 640alp + 6404 + 16(5)/(12 — 56)% and  (19)
g = —(5a6° + 5lalpd® — 4lpd® — 580ALR % — 2802 6% + 814 6°

+52056 + 76056 + 160(alp b — 128(alp — 3203 — 128()/ [2(12 — 56)?] . (20)

Proof. See appendix. ¥
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The market share of firm A in period 1 is larger when information sharing is banned than when
it is not [i.e., £* > £** provided that ¢a > T¢g, a condition that is satisfied given our assumptions].
When information sharing is banned, firm A lowers its price in an attempt to gain a larger share
and consequently to increase the number of consumers in its database, given that in period 2 the
possibility of buying these names from its rival firm is non-existent. In response, firm B lowers its

price as well, but not as aggressively as firm A.

Social welfare. With unit demands and a covered market, only the disutility from not buying
the most preferred brand matters. The possibility of sharing customer databases with the rival
firm distributes the dead-weight loss differently across the two periods than when this possibility is
absent. In the former case, firms price less aggressively in the first period, which allows the lower
quality firm to capture some of its rival’s customers, resulting in an inefficient outcome. In the
second period, though, this inefficiency disappears, since each consumer buys her most preferred
brand. In the latter case, the higher quality firm fights more for market share, surrendering fewer
consumers to the rival, which reduces the first period inefficiency. On the other hand, the second
period inefficiency does not vanish (see figures 2 and 3). These opposing effects create an interesting
trade-off for a regulatory authority who wishes to regulate customer information sharing. This
trade-off we have identified is likely to be present in a context more general than ours. Next, we

compute the social welfare over the two periods.

In period 1, the social welfare when information sharing is banned is greater than that when

sharing is allowed by,

Sk

(6*)2 . (6**)2
/ fal="—"——

In this case, the extra inefficiency when information sharing is allowed arises because the group of
consumers in the interval [¢**, £*] do not buy their most preferred brand, whereas when information

sharing is banned they do (see figure 2).
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Information sharing is alowed

Buy from firm B Buy from firm A

N

Information sharing is banned

Buy from firm B Buy from firm A
A A
~
l l | |
I 1 ] |
-lg 0 [ [s

Figure 2: First period market shares

In period 2, the social welfare when information sharing is allowed is greater than that when

sharing is banned by,

7, )
ldt = .
f =5

When information sharing is allowed, the second period outcome is efficient. Hence, the inef-
ficiency when sharing is banned comes from the group of consumers in the interval [0, **/2] who

buy from firm B, while their favored firm is A (see figure 3).

18



Information sharing is alowed

Buy from firm B Buy from firm A

Information sharing is banned

Buy from firm B Buy from firm A
e N

Figure 3: Second period market shares

Therefore, the discounted social welfare change when information sharing in banned is,

(ﬁ*)Z o (e**>2] 6(6**)2
2 8

If (21) is positive, then the outcome when information sharing is banned is more efficient than

when it is not. The next proposition presents the social welfare comparison.

Proposition 4 (Social welfare comparison). If 13(g < (s < % (% +3/5) (g, then the

2\2

social welfare when information sharing is banned decreases. If {p > ! (% + %\/5) {g, then the

2

social welfare when information sharing is banned decreases for any 6 < § < 1, while for any

§ > &> 0 it increases. Moreover,

o 50— Wity — 4704 \/ (43364 — 590(ale + 1933) ((a — Tls)?

18 (03, — 4lalp + 403)

Proof. See appendix. ¥

When the two firms do not have very different in size customer bases, banning information

sharing lowers social welfare. When the customer base of one firm is significantly larger than that
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of the rival firm, banning information lowers social welfare only for relatively low discount factors.

On the other hand, for relatively high discount factors, welfare increases.

Profits. Both firms become worse off when information sharing is banned [i.e., (16) > (19) and
(17) > 20].13

Consumer welfare. The change in consumer welfare is simply the difference between the
change in social welfare and the change in profits. We have shown that consumer welfare always

decreases when information sharing is allowed.*

5 Concluding remarks

We develop a parsimonious two-period model with two rival firms who produce horizontally and
vertically differentiated products. Our main purpose in this paper is to identify the necessary and
sufficient conditions under which firms will share, in some way, their customer-specific information.
The information is about the consumers’ location (brand preferences) and enables the firms who
possess it to engage in perfect price discrimination. In the first period, firms know only the dis-
tribution of preferences and consequently charge uniform prices. At the beginning of the second
period they collect perfect information about their own customers (i.e., the ones who purchased
their product in period 1) and decide whether to sell this information to the rival firm. We show
that a necessary and sufficient condition for information sharing to be part of the unique subgame
perfect equilibrium is sufficient firm asymmetry. In this case, the low quality firm finds it in its
best interest to sell its customer database to the high quality firm. On the other hand, the high
quality firm never sells its information to its low quality rival. If information sharing is banned, the
social welfare decreases when the degree of firm asymmetry is below a certain threshold. When this
threshold is exceeded social welfare decreases only when the discount factor is below a threshold,
while it increases when the discount factor is above that threshold. Finally, when sharing is banned,

profits decrease, while consumers surplus increases.

B3The proof is very straightforward and it is omitted. It is available upon request.

14The proof is very straightforward and it is omitted. It is available upon request.
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Appendix: Proofs of propositions

Proof of proposition 2. The proof consists of three parts: 1) first, we solve the system of

reaction functions, 2) then, we check all possible deviations and finally 3) we prove uniqueness of
SPE.

1) Firm A’s and B’s first order conditions (foc) are,

olla 1 1 (50’]);‘5\ (SUplB bolp
LA R — -2 — = Al
Pk 0= la—2pa+1B —— -+~ te=0and (A1)
Ollg 1 . bopk bopy  bolg
— = 0=1/{g—2 - =0. A2
opL, B~ 2P tPA— —, 1 5 T (A2)

Note that the second order condition is satisfied. By solving (A1) and (A2) with respect to p

and plB, we obtain the first period equilibrium (uniform) prices,

1 In(8—b0) I (4+Tbo)
Pa

= B + B +c and (A3)
In(4—60) (lg (84 T760)
1 A B
= , A4
PB 9 + 19 tc (A4)

By plugging (A3) and (A4) back into the objective functions, we obtain the sum of discounted
equilibrium profits,
5 1
72 72
4 1 1 1 4 1 41
1I _ = 2 =2 Scp2 - = L 2 i 2 ‘ A
B 953 + 9€A + 2(% 1850£A€B + 9£A€B 7250£A + 7250£B (A6)

My — gei + %e@ + %5& + gaawB + ng O seld + Loo and  (A5)

Based on the first period equilibrium prices, the marginal consumer is located at

Ip — ¥4
o =ph-ph =21 (A7

By plugging (A7) into IP = UW we obtain the equilibrium information price, which is,

p_ola —zB)7(zeA —13(g)

Recall from proposition 1, that for information sharing to be part of a SPE (where firm B sells
its information to A) it must be the case that ¢* > 4¢g. Using (A7), it follows that £* > 4/g if and
only if {a > 13/p.

2) To conclude that the above pair of prices constitutes a SPE, we must demonstrate that

unilateral deviations are unprofitable. There are two types of deviations in our model: i) a firm
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changes its first period price but firm B still finds it profitable in period 2 to sell its information to
firm A (i.e., the assumed structure remains unchanged) and ii) a price change leads to a no sharing
of information in period 2 (i.e., the assumed structure changes). The first type of deviation has
already been proved that it is not profitable, since the price pair is a solution to the system of best

response functions.

Next we show that the second type of deviation is not profitable either. We first look at firm

A’s incentives to deviate and then at firm B’s.
e Firm A’s deviation in period 1.

For the structure to change it must be the case that firm A lowers its price to the point that
¢* < 4¢g and therefore information sharing in period 2 is not profitable. There are two distinct
interior cases: i) 4¢g > ¢* > 0 and ii) £* < 0 and two distinct boundary cases: i) £* = 0 and ii)
¢* = —{g. An interior deviation can be ruled out for one of the following two reasons: either it
leads to lower profits than the ones before deviation, or it produces a contradiction in terms of £*.
If the contradiction is in terms of ¢* (e.g., £* > 4/g), then we have to check the boundary cases.

We start with the first interior case.

This deviation on part of firm A leads the game play to subgame 1 in period 2. The marginal
consumer ¢* in period 1 must be indifferent between buying from firm A today at price px (in
which case she is in firm A’s database) and then buying again in period 2 from firm A at price
£* + ¢, or buying from firm B in period 1 at price plB (in which case she is in firm B’s database)
and then buying from A in period 2 from firm A at price £*/2 + ¢. Thus the indifferent consumer
must satisfy,

[Ph +6 (¢ +¢)] - {pls +6 <% —i—c)] — = = 2PATB) (g*_;;lB). (A8)

Firm A’s sum of discounted deviation profits are,

I3 = (pa —¢) (ba — L") +6 1

203 — (ﬁ*)zl | (49)

where the second period profits come from subgame 1 and in particular (1) and (4), ¢* is given by
(A8) and p} is fixed at the level given by (A4). The deviating firm chooses pk to maximize (A9). We

show that as long as £a > 13¢g such deviation is not profitable. In particular, the maximized profits
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as given by (A5) are greater than the maximum deviation profits maxpy HdA. To keep the paper
within acceptable limits, in the remaining of this proof, we do not present the calculations regarding
the comparison of firm profits before and after a deviation. These calculations are straightforward

and are available upon request.

We continue with the second interior deviation, i.e., £* < 0. No information sharing takes place
in period 2. This case leads to a subgame similar to subgame 1. Following the same steps as in
that subgame, we can show that firm B, in period 2, charges a price of ¢ — £*/2 to the consumers
in segment (¢*,¢a] and an individualized price ¢ — ¢ to the consumers in [—¢g, *]. Firm A’s profits
in period 2 are analogous to those given by Eq.(5), i.e.,

(0* — 20p)?

- (A10)

TS =

The marginal consumer £* in period 1 must be indifferent between buying from firm A today
at price p'la\ and then buying in period 2 from firm B at price ¢ — ¢* /2, or buying from firm B in
period 1 at price plB and then buying again from B in period 2 at price ¢ — £*. The indifferent
consumer must satisfy,

* 1 1
[pk+§<c—%>} — [P +68(c—14)] :é*:ﬁ*:%. (A11)

Using (A10) and (A11), firm A’s sum of discounted deviation profits are,

((ﬁ*)z 402 — 46*55)

A = (ph —¢) (ba— ) +6 3

(A12)

We differentiate (A12) with respect to pi and we solve the (foc). The function is strictly

concave. The resulting £*, however, is positive which leads to a contradiction.

Next, we look at the boundary deviations. When ¢* = 0, from (A8), plA must be equal to plB,
where the latter is fixed at the level given by (A4). We plug the pk which solves £* = 0, into (A9)
and we show that it is lower than (A5). Then we look at ¢* = —¢g. We use (All) and (A12) to
find firm A’s profits. Again we show that they are lower than the ones given by (A5).

e Firm B’s deviation in period 1.

For the structure to change it must be the case that firm B increases its price to the point that

* < 4¢g and therefore information sharing in period 2 is not profitable. Similarly to the deviation
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of firm A, there are two interior deviations and two boundary. We begin with 4¢g > ¢* > 0. The
marginal consumer is the same as in (A8). The first period price of firm A is fixed at its level given
by (A3). The sum of discounted deviation profits are calculated in a similar manner as those of
firm A in the same type of deviation, using also the equilibrium profits from subgame 1. We obtain

a contradiction, i.e., the resulting ¢* is greater than 4/p.

Then we turn to £* < 0. The marginal consumer is the same as in (A11). The first period price
of firm A is fixed at its level given by (A3). The sum of discounted deviation profits are calculated
in a similar manner as those of firm A in the same type of deviation. We find that £* > 0 as long

as fa > 13¢g, which leads to a contradiction.

The two boundary deviations are computed in the same manner as those for firm A. Profits

are lower than the ones given by (A6).

3) So far, we have proved that when ¢a > 13¢g, the strategies that are described in the
statement of proposition 2 constitute a SPE. Now we will show that this SPE is unique. Given that
information will be shared in period 2, the pricing strategies, as we have demonstrated above, are
indeed unique. But is information sharing the only outcome when £a > 13¢g? To be more precise,

we will prove that no sharing of information is not a SPE under the assumptions of proposition 2.

Let £a > 13/g, but nevertheless no sharing of information takes place in period 2. For this to
be the case, it must be that ¢* < 4¢g (otherwise firm B will sell its information to A). There are
two cases: i) 4g > ¢* > 0 and ii) £* < 0. In the first case the marginal consumer is the same as in
(A8), while in the second she is the same as in (A11). When ¢* > 0, the profit functions are (using

the results from subgame 1),

a = (p,lA—c) (a—1")+6

M] and (A13)

g = (pp—c)(C*+0g)+6 (A14)

8

(" + %8)2]

The above profit functions are strictly concave in p,la\ and plB respectively. We derive the two
reaction functions and we find the unique intersection point. When ¢a > 14/g, the £* we find using
the solution to the system of the reaction functions is greater than 4¢g, which is inconsistent with the
no information sharing presumption. When 13/g < ¢a < 14¢g, firm A has an incentive to deviate
by increasing its price, thereby lowering its first period market share to the point where information

sharing is profitable in period 2, a contradiction to the no information sharing assumption.
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When £* < 0, the profit functions are,

IIan = (pk—c)(ﬂA—f*)—i-é 3

(= 26a) %A)z] and (A15)

(3 ()% + 403 + 45*55)
8

g = (pp—c)(*+0g)+6 (A16)

The above profit functions are strictly concave in p,la\ and plB respectively. We derive the two
reaction functions and we find the unique intersection point. The £* we find, using the solution to

the system of the reaction functions is strictly positive, a contradiction.

Proof of proposition 3. We begin our search for a SPE, assuming that ¢** > 0. Differentiate
(A13) and (A14) with respect to pk and py. The second order conditions are satisfied. The unique

solution to the system of the two reaction functions is,

50062 — 806 — 18(a6 + 24c — 106 + 160a + 8¢

1 A B A A B

DA = (12— 50) and (A17)
1 30p6% — 20086 — 10€p8 + 24c — 10c8 + 8l + 160g + 40552

P = 2 (12 — 50) ' (AL8)

The first period marginal consumer, based on the above prices, is located at,

P 2[la (2 —6) — 20 (1 — 6)]
- 12 — 56 '

To conclude that the above pair of prices constitutes a SPE, we must demonstrate that unilateral
deviations are unprofitable. There are two types of deviations in our model: i) a firm changes its
first period price, but still £** > 0 and ii) a price change leads to ¢** < 0. The first type of deviation
has already been proved that it is not profitable, since the price pair is a solution to the system of

best response functions.

Next we show that the second type of deviation is not profitable either. We first look at firm

A’s incentives to deviate and then at firm B’s.1®

e Firm A’s deviation in period 1.

15 As in the proof of proposition 2, the details pertaining to the comparison of profits before and after a deviation
are straightforward and therefore are omitted. They are, however, available upon request.
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Firm B’s price is fixed at the level given by (A18). Firm A’s profit function is the same as the
one given by (A15), since now £** < 0. We show that this type of deviation is not profitable.

e Firm B’s deviation in period 2.

Firm A’s price is fixed at the level given by (A17). Firm B’s profit function is the same as the
one given by (A16), again since £** < 0. We show that this deviation is not profitable either.

Next, we search for an equilibrium when £** < 0. The firms’ profit functions are the same as
the ones given by (A15) and (A16). We derive the two reaction functions and we solve them to
obtain a pair of prices. We then show that firm A has always an incentive to deviate to a price
such that the resulting ¢** is strictly positive. Contradiction. Hence, there does not exist such an

equilibrium.

Proof of proposition 4. From (21), and after we use (15) and (18), we obtain,

()2 = ()? y.
[ : }5@8) (A19
6 (25603 — 1203 — 1460alg — 1200plp — AT603 + 13204 — 96%(% + 366%als — 366%(3)

18 (12 — 56)?

If (A19) is positive, the social welfare when information sharing is banned increases. We set

(A19) = 0 and we solve with respect to . This yields the following two non-zero solutions,

2504 — 140alg — AT(E — \/ (433034 — 590¢alp + 19343) ((a — TlB)°
18 (£2 — 4lalp + 403)

25(3 — 14(ale — 4763 + /(4333 — 590(als +19303) ((a — Tls)?
18 (3 — 4lals + 403) '

01 =

02 =

First note that 61 < 62. (A19) is negative for any 6 < 61 and any 6 > 2. It is positive
for 6 € (61,62). It can be checked that if ¢a > %(% + %\/5) lg, then 61 < 1. Also, for fp €
(13&3,% (% + %\/5) EB), 61 > 1. Moreover, when ¢a > 13/g, 62 > 1.

Hence, if Ia < % (% + %\/5) (g, for any 6, (A19) is positive which implies that welfare if infor-
mation sharing is banned decreases. On the other hand, if /s > % (% + %\/3) /g, then 61 < 1 and
consequently for any § > 61 =, (A19) is negative which implies that welfare if information sharing

is banned increases, while when § < §; = ¢ it increases. ¥
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