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Abstract

This paper analyzes strategic data purchasing decisions by firms in a differentiated
duopoly market where individual consumers have a continuous demand (no discrete-
choice decisions). In contrast to previous literature, data acquisition from both firms is
the unique equilibrium of the game. The welfare analysis demonstrates that symmetric
data acquisition maximizes both individual and total industry profits, but reduces con-
sumer surplus and total welfare. These findings provide critical insights for competition
authorities considering data market regulations and highlight the tension between firm
profitability and social welfare in data-driven markets.
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1 Introduction

As digital markets increasingly rely on consumer data for competitive advantage, understand-
ing firms’ strategic incentives for data acquisition becomes crucial for competition policy and
market regulation. Mikians et al. (2013)acknowledged the presence of price variation, ranging
from 10% to 30%, for certain retailers offering the same product. This disparity in pricing
suggests that some retailers may be engaging in discriminatory practices, charging higher
prices to specific groups of customers.. Hannak et al. (2014) collected user data from Ama-
zon’s Mechanical Turk (AMT) to examine for price discrimination. Their analysis revealed
evidence of price discrimination in various sectors, including general retailers and traveling
agencies. This phenomenon raises important questions about the fairness and transparency of
pricing practices, particularly in online marketplaces where consumers may be more vulnera-
ble to discriminatory pricing. Finally, Woollaston (2014) present real-life price discrimination
cases, based on consumer data. For example, in 2010, Amazon was found to be selling iden-
tical products at varying prices. This pricing disparity was also observed in 2012 by Staples,
which employed a pricing model that differentiated costs among consumers based on their
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geographical location.

In this paper, we develop a differentiated on-line duopoly model in order to examine the
effects of data acquisition on prices, profits and welfare. On the demand side, each individ-
ual consumer’s quantity demanded varies continuously with prices. For instance, one may
think of the good being cosmetics, cloths, or other accessories, rather than computers or mo-
bile phones.! We use a representative-consumer model, assuming, however, a continuum of
representative-consumer types, distributed according to their willingness-to-pay (WTP) for
the product. One may think that there is a large type of sub-markets, each represented by
consumers with a specific utility function. The latter is associated to some particular socioe-
conomic characteristics of each consumer that are initially unknown to the two firms.

On the supply side, two downstream firms engage in price competition. An independent
data broker collects consumer data from various sources and offers them to downstream firms
at a fixed price. Since sales are on-line, access to those data enables a firm to engage in
third-degree price discrimination by setting personalized prices, based on each representative
consumers’ valuation for the products (we assume that product reselling among consumers is
very costly.) In the baseline model, we assume that consumers are passive, in the sense that
they do not pay for privacy, i.e., no possibility to be excluded from the data set even at a cost;
later on we extend the model by allowing such possibility. We analyze three distinct regimes:
(i) Bertrand Competition, in which both firms charge uniform prices; (i) Data Exclusivity,
where only one firm purchases consumer data; and (iii) Data Acquisition, where both firms
obtain access to consumer data.

Our model reveals that in the downstream market both firms wish to buy consumer data
and the supplier’s optimal strategy is to sell the dataset to both parties. This finding con-
trasts with the results in Montes, Sand-Zantman, and Valletti (2019), where it is shown that
the upstream firm typically engages in exclusive data sales to only a single downstream firm.
The reason for this difference lies in the fact that they consider a Hotelling model where
each consumer makes a discrete decision about purchasing one unit or nothing. Furthermore,
our model shows that while aggregate quantities remain invariant across regimes, the average
price may vary. When both firms acquire data the average price increases, as expected. What
is less expected is that in the Exclusivity scenario, the average price of the firm that purchases
the data remains the same as in the no-data Bertrand equilibrium: exclusive data purchase
only allows the data-possessing firm to offer a price spread adapted to individual WTP. This
implies that in the case of Exclusivity, there are two effects on the profit of the data possessing
firm: a positive one, related to the practicing of third-degree price discrimination, but also a
negative one due to the fact that in the high WTP markets its product is more expensive
compared to that of its rival who only sets a single price for all the markets.? The negative
effect disappears when the rival also acquires data and becomes able to price-discriminate.
Thus, we arrive to the surprising conclusion that, while overall, exclusive data acquisition
by one firm increases its profits, when the rival firm also acquires data the profit of the first
acquirer instead of being lowered, it further increases! In conclusion, while compared to the
no-data Bertrand equilibrium, exclusive acquisition by a single firm increases the profits of
that firm while leaving those of the non-acquirer unchanged, when both firms acquire data
individual profits are even higher. The story is of course quite different for consumers and

'Tn the conclusions we explain how the model can be interpreted to include such discrete-choice goods.
20f course, in the low valuation markets the firm that owns data charges a lower price, yet these markets
yield less profit .



total surplus. Exclusive acquisition reduces total surplus because it induces price discrimina-
tion without increase in quantities (see Tirole, 1988). Acquisition by both firms makes things
even worse because it also results in higher prices.

There is a substantial body of literature on data intermediaries, consumer data, and price
discrimination (see Acquisti, Taylor, and Wagman (2016); Pino (2022) for a comprehensive
literature review). Consumer data create a trade-off for consumers between improved product
matching and the risk of price discrimination. Ichihashi (2020) show that a firm may credi-
bly commit to using consumer data solely for recommendations rather than for personalized
pricing. As is well known, downstream firms primarily use consumer data for price discrimi-
nation. Acquisti and Varian (2005) discuss behavior-based price discrimination, where firms
condition prices on consumers’ past purchasing behavior, and argue that this may improve
consumer welfare compared to uniform pricing. However, as Taylor and Wagman (2014) em-
phasize, the welfare implications of data usage depend on the specific modeling framework.
Bounie, Dubus, and Waelbroeck (2021) examine the incentives of a data broker to sell data
exclusively or share it across firms and find that only high-WTP consumers’ data are sold,
and typically to a single firm. Closest to our work, Montes, Sand-Zantman, and Valletti
(2019) use a discrete-choice model to study downstream competition under alternative data-
sharing regimes and show that consumer surplus is maximized when both firms access the
data, whereas industry profits are maximized when only one firm does—though this leads
to the lowest total welfare. A key difference between our analysis and theirs is the demand
structure: they model discrete-choice goods (e.g., computers), where all consumers have the
same WTP for one unit and data reveal proximity to a firm in a Hotelling framework, enabling
full surplus extraction absent competition. In contrast, we focus on goods with continuous
demand (e.g., clothes, cosmetics), where data—such as demographics, education, and past
purchases—reveal information about consumers’ underlying WTP.

The structure of the paper is as follows: section 2 introduces the baseline model, sec-
tion 3 presents the three scenarios examined and derives the equilibrium. Finally, section 4
concludes.

2 The Model

We consider a downstream market with two symmetric single-product firms selling differenti-
ated products. Each firm faces constant marginal production cost which is assumed equal to
zero, for simplicity. There is also an upstream firm who obtains a dataset and it is able to sell
it to one or both firms®. Individual consumers purchase the two goods at varying quantities,
depending upon the two products’ prices.* The utility function of consumer i is

b
Ui = kia(qui + qoi) — 5(61%, + 20q1iG2i + 43;) (1)
where k;,a,b > 0,0 <0 <1, and gj;, j = 1,2, represents the quantity of good j purchased
by individual 7. The parameter k; is idiosyncratic, representing the intensity of each indi-
vidual consumer’s willingness-to-pay. We assume that consumers are distributed uniformly
according to k € [k, 1]. The exact value of k; is known to consumer ¢ but initially unknown

3We assume that the cost of data acquisition for the upstream firm is 0

4Even at the individual level, the purchase decision is not ”one unit or nothing,” but depends smoothly
upon the product’s price. Examples are clothes, accessories, cosmetics, detergents, etc., rather than computers
or cars.



to the firms. However, by paying a cost T' to a third party, each firm can purchase a data set
that enables it to identify consumers according to k.

Maximizing Equation 1 leads to the demand functions for the two goods:

Dji(pjis p—jis ki) = kia(l = 0) ;(]199523;“ 0 p—ji(ki) @)

Since in the absence of data, a firm cannot price discriminate, that firm must maximize
profit considering the sales that corresponding to its aggregate demand at any single posted
price. Thus, its profit function is given by:

Hév :pj/ Dji<pj7 P—ji, ki) f (ki) dk (3)
ki€lk,1]

is the

where p_j; is rival price at the market characterized by k; and where f(k;) = -

density function.

We exclude the possibility of reselling among consumers, therefore data acquisition allows
the acquiring firm to practice 3rd-degree price discrimination by posting a different price at
each k; market. If firm j can charge personalized prices, pj;, its reaction function depend
on the uniform price set by the other firm. This price is calculated based on the average
consumer. On the contrary, when both firms can discriminate, according to consumer ¢’s
willingness to pay (WTP), each firm’s reaction function depends on the price imposed by the
other firm for a specific k;. Therefore, firms engage in a Bertrand competition not for the
average consumer, but for each type. In this case, firms’ profits are:

Iy = / pji Dji(pjis p—jis ki) f(ki) dk; (4)
ki€lk,1]

We respect to downstream equilibrium, we consider three scenarios: Bertrand Competition

(no data acquisition), Data Exclusivity, and Data Acquisition (denoted as NN, DN and
DD | respectively). In the NN equilibrium, both firms maximize (3), whereas in the DD
equilibrium, both firms maximize (4); in the asymmetric DN cases (two symmetric equilibria)
the data possessing firm maximizes (4) and the one that has no data maximizes (3). When
firms are asymmetric, since the firm that possesses no data charges a single price for all the
markets, its optimal response must take into account that in equilibrium that firm may not
sell in all the markets.® In this part of the work, we rule out this possibility by assuming that
k is sufficiently high for no market in the DN equilibrium to yield negative quantity for the
firm that has no data.
Notice, that when firms obtain data and when they don’t, their profits are multiplied with
the density function. This is because, f(k;) dk; represents the proportion of total consumers
who are of type k;. So, when aggregating firm 1’s total profits over the entire population
one need to weigh each type by how frequently it occurs, which is what f(k;) does. In what
follows, we first consider that consumers cannot pay a privacy cost

3 No privacy cost

In this section, we present the equilibrium absent of consumers’ privacy decision in each of the
scenarios presented in section 2, using backward induction, and then compare them regarding

5In some low k markets, the universal price that firm charges may yield negative sales.
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total industry profits, consumer surplus, and total welfare. The timing of the game is as
follows: First, the upstream firm offers access to the database at a fixed cost (to one or both
firms). At the second stage, firms decide whether or not to purchase the data. Finally, firms
set their prices.

3.1 Scenario 1: Bertrand Competition — NN

Since firms are symmetric, the Bertrand case concerns maximization of Equation 3 with
respect to p;, j =1,2.

Ykia(l—0) —p; +0p

The optimal prices and quantities are:

NN _ a(l-0)1+Ek) yn  al22—=0)k —(1-0)(k+1)]

alk+1

°22—9) B = 26(2— 0)(0 + 1) 2(2 — 0)(0 + 1)

with £ > ﬁ The latter arises when considering ¢y > 0. First of all, note that as

products become close substitutes, price monotonically decreases, as it should. However, the

1
trajectory of total quantity does not exhibit a monotonic trend: for 6 < (2)5, an increase

in 0 lowers (increases) quantity. This phenomenon can be attributed to the fact that when
products are not highly substitutable, as 6 increases, the interval in which k belongs to
decreases in width, ultimately leading to a reduction in active consumers in equilibrium.
Conversely, when 6 exceeds 1/2, small increases in substitutability stimulate an increase
in quantity as firms become more aggressive in their pricing strategies. By substituting
the aforementioned quantities and prices to Equation 3, we obtain the firms’ and the total
industrial profits. Moreover, since demands are linear in prices, it is easy to compute the
consumer surplus for a given price of the other firm. Adding the industrial profits and the
consumer surplus leads to total welfare. All of them are presented in the following lemma.

1—-4
Lemma 1. Forallf € [0,1] and k > 39 the firms’ and the industry’s profits, the consumer

surplus and total welfare in the Bertrand Competition are:

a®(1—0)(k+1)°
vy = S =g +1)
a? [(62 —40) (1 — k)* + Tk* — 2k + 7]

TCSnNn =

126(2 — 6)2(6 + 1)

o {[(6 — 10)0 + 13]k* — 2[6(6 + 2) — 5]k + (§ — 10)¢ + 13}

TWyn = 126(2 — 0)2(6 + 1)

Proof. Firms’ and industry profits in equilibrium can be easily calculated by using ITY" =

al-0)(1+k)  alk+1)
x Ny = hen THyy = 2[IIYY. To calcul h
Py @nn 22— 0) (2 — 0)(0 + 1) and then T1lyy ; o calculate the
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TW, since firms do not carry out any costs, we substitute g/ yy to Equation 1 and integrate
to the active consumer segment, i.e., from k to 1. Finally, total consumer surplus is merely
TCSyy — Tl yy. O

Notably, a negative correlation is observed between total profits and #, as the increased sub-
stitutability of products necessitates more intense price competition among firms. In contrast,
consumer surplus (CS) exhibits a U-shaped relationship with 6. Specifically, at low levels of
substitutability, firms operate in a market characterized by limited price competition, result-
ing in elevated prices and a subsequent reduction in quantity demanded. Conversely, at high
levels of 6, products become immediate substitutes, leading to increased price competition
and a corresponding increase in CS. Furthermore, the total welfare is observed to decline
sharply at low levels of #, as the reduction in profits outweighs the growth in CS. However, as
f increases, CS eventually surpasses total profits, resulting in a more gradual decline in total
welfare (for a graphic illustration of CS, TTI and TW, see Figure 5).

3.2 Scenario 2: Data Exclusivity — DN

Now, suppose that the upstream firm offers an exclusive access only to one firm. This scenario
may arise when a supplier firm maintains an exclusive relationship with a single downstream
entity, or when ethical considerations preclude data sharing. Consequently, the firm in posses-
sion of the data can leverage this information to offer tailored pricing, whereas its competitor
is relegated to charging a uniform price. Here, we assume, without loss of generality, that
Firm 1 obtains consumer data. Therefore, it is capable of providing tailored prices to con-
sumers, whereas Firm 2 continues to offer uniform pricing schemes. Formally, the two firms
maximize their profits with respect to py; for firm 1 and py for firm 2. Mathematically, firms
1 and 2 face the following problem:

Vooaki(1—0) —pu (k) +0py 1
mag {10 = [ o SR

and

1 ak:,(l—é’) —pg—i—epli (kz) 1
II, = dk;
Zﬁg{Q Z”A b(1— 6%) 1— k& ’}

Before proceeding to the solution of the subgame, it is worth presenting firm 2’s reaction
function. The first order condition gives:

) dk;

1
1 0 / pi (ks
RF k
i) = —Q 1-0)(k 1
It is essential to note that Firm 2 responds to the average of Firm 1’s personalized prices
within the segment [k, 1]. Although the optimal response does not involve tracking each
individual price, any alteration to a specific price py;(k;) results in a shift in the average,

consequently influencing Firm 2’s reaction. For example, mild competition (thus increased
_ 2

prices) tend to increase firm 2’s price, for a given 6. For k > L the prices and quantities

(individual and aggregate) are:

O(k+1)
2—-0

a(l—0)(k+1)
2(2 — 0)

PPV (k) = La(1 —0) [



pn _ l0(k—2ki+1)+4k] py _ a2(4—0°)ki—(2-6%) (k+1)]
T G ) (7 s 12— 0)(6 + 1)

QPN — QPN — a(k+1)
202—-6)(0+1)

There are several notable aspects worth highlighting in this context. First, firm 2 sets the
same price as in NN case. This is due to Firm 2 facing an average demand, and its optimal
response is contingent solely on the aggregate distribution of Firm 1’s pricing schedule. Since
Firm 1’s average price across types matches the NN equilibrium, Firm 2 does not change the
price . Figure 1 shows that firm 2’s price is equal to the average Firm 1’s price across all
types of consumers. Due to the aforementioned result, aggregate quantities remain the same
as well.

Prices in Data Exclusivity
0_4;

- DN
02f P2

0.1

0.2

Figure 1: Prices in Data Exclusivity

The equilibrium profits, consumer surplus and welfare are presented in the following
lemma:
2

Lemma 2. For all § € [0,1] and k& > L

consumer surplus and total welfare in the Bertrand Competition are:

the firms’ and the industry’s profits, the

PN — a?(1—0) [(6 —40) (1 — k)" + 16 (K* + k +1)] oy _ 021 =) (k + 1)2

48b(2 — 6)2(6 + 1) T 4b(2-60)2(0 4+ 1)
— a®(1—0) [(6* —40) (1 — k)* + 4k (Tk + 10) + 28]
by 48b(2 — 0)2(0 + 1)
_ a?[(36° — 76° — 86) (1 — k) + 44k” + 8k + 44]
TC5N = 96b(2 — 6)2(6 + 1)
— a? {(6° +30%) (k — 1)* — 240 [k (3k + 2) + 3] + 4 [k (25k + 22) + 25]}

96b(2 — 0)2(0 + 1)

6This result may be due to linear demand functions and uniform distribution of k;
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Proof. TIPN and IIPY are calculated by multiplying their respective prices with the aggregate
' O(k+1) alf(k—2k+1)+4k] 1
tity, i.e., IIPN = / —a(l —0) | ——— + 2k; — : - dk; and
quantity, i.e., TI{ i af ){ + } WE—00+1)  1-k an

4 2—-40 k

1-0)(k+1 kE+1
ey = a( Jit+1) alk+l) . Now, since there are no costs on the production
22-6) 262—0)(0+ 1)

2

side, welfare is calculated by substituting ¢ and ¢Z¥ on Equation 1 for k >

02 which
ensures positive individual quantities. When we substitute the total profits from the welfare

function, consumer surplus arises. ]

Since prices and aggregate quantities for firm 2 are the same as in Bertrand Competition,
its profits remain the same. Now, even though individuals consume same quantities from
both of the firms, it is shown that since firm 1 can set individualized prices makes it have
higher profits than that of firm 2 (see Appendix A). Furthermore, as 6 increases, profits
exhibit a tendency towards equivalence with marginal cost (which here is zero). Like in the
case of NN, welfare and total profits monotonically decrease. Consumer surplus maintains
a non-monotonic behavior, with it being positively-sloped for low 6 and negatively-sloped
otherwise.

3.3 Scenario 3: Data Acquisition — DD

In this scenario, both companies have access to consumer data, which enables them to fully
distinguish consumers. Essentially, in this case, they compete for every consumer in the [, 1]
interval. Therefore, firms engage in a Bertrand Competition game for each type of consumer.
Mathematically, both firms will maximize profits as described in Equation 4:

1
maz 11; = / pji Dji(pji, p—ji, ki) dks, j =1,2
p]l_o k

The prices and quantities that arise in equilibrium for both firms are:

pp 1=k pp ak; OPP — a(k+1)
— , Q!

Pi =759 % Tha—0)0+D - 2(2-0)(0+1)

Once again, notice that the aggregate quantity is the same as both NN and DN. This is
a result of linear demand functions and uniform distributions. However, the prices and indi-
vidual quantities are different. The profits, consumer surplus and total welfare in equilibrium
are:

Lemma 3. For all 0 € [0, 1], the firms’ and the industry’s profits, the consumer surplus and
total welfare in the Bertrand Competition are:

a?(1-0) (K*+k+1)

PP —
J 3b(2 — 0)2(0 + 1)
20%(1—0) (K +k+1)
THpp = —
by 3b(2 — 0)2(6 + 1)
o (K +k+1)
T = ——
¢5pp 3b(2 — 0)2(6 + 1)
2(3-20) (B> +k+1
TWDD:a( )(_ T )

36(2 — 0)2(0 + 1)
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Proof. Each firms’ profits can be calculated as 11, —/1 all - Ok, ak, L dk;
T00]. rms’ pr n u i = i 2-0 b2-0)0+1)1—k i

Total profits is merely the addition of the individual ﬂroﬁts. For TWpp, we substitute ¢°”

to Equation 1, since the firms do not have any costs. Finally, consumer surplus is calculates
aszVVDD —-TTIDD. ]

The behavior of the aforementioned functions exhibits a consistent pattern across the
examined scenarios. A negative correlation exists between industry profits and 6, whereas
consumer surplus initially decreases before experiencing an increase at a certain threshold
of . Consequently, the total welfare metric, which combines total profits and consumer
surplus, displays a sharp decline for initial levels of 6 due to the concurrent decrease in total
profits and, to a lesser extent, consumer surplus. However, as consumer surplus surpasses
industry profits, the rate of decline in total welfare moderates. In conclusion, total welfare
and profits demonstrate a decline relative to 6, whereas consumer surplus exhibits a non-
monotonic trajectory. The subsequent subsection will focus on a comparative analysis of the
three scenarios, with the aim of identifying the equilibrium in the downstream market.

3.4 Comparisons

A comparative analysis of equilibrium variables is now feasible, allowing for a nuanced un-
derstanding of their relative significance. The forthcoming figures employ the following color-
coding scheme: blue and cyan for DD, orange and red (dashed and solid lines) for DN, and
green (dashed and solid lines) for NN. Initially, we will compare elementary variables, specifi-
cally prices and quantities. Notably, aggregate quantities for both firms 1 and 2 are identical,
: NN _ ADN _ DD _ alk+1)
with Q77 = @77 = & = o w1
quantities supplied by firm 1 under the Data Exclusivity scenario. As depicted in Figure 2,
quantities in the Data Exclusivity scenario surpass those of the Data Acquisition scenario for
consumers with low willingness-to-pay, whereas they are lower for high-valuation consumers.
Conversely, firm 2 sells higher quantities to high-WTP consumers and lower quantities to
those with lower WTP. In conclusion, when a firm can price discriminate while the other can-
not, the former “wins” over low-valuation consumers while the other does so on high-WTP

The sole distinction lies in the individual

ones.

Firm 1's Quantities Firm 2's Quantities
Qq Qq
07F
0.5% a1,°P01)
{ 06| a2,°N(1)
04l a1 iDN(1) 05k qleD“)
PN 04f PN
03F o] NN 03F Q2NN
a7k 02} 070k
L L DN
0.2‘(’/q1 ,UU(K) 0.1 __———_-_____________,_ qzi (5)
9 L L L 9
02 04 06 08 02 04 06 08 1.0
(a) Firm 1 Quantity Comparison (b) Firm 2 Quantity Comparison

Figure 2: Firms 1 and 2 Quantity Comparison — Individual and Aggregate Quantities

Those results are contingent to the prices in equilibrium. As depicted in Figure 3a firm 1
charges a low price for high valuation consumers in DN than in DD case, whereas prices are
higher for the low valuation consumers. However, from the previous section, it was shown



that pPV is equal to pé-v N which is the average price charged by the firms when none of them
has access to consumer data, meaning that in the DN case, firm 2 gains high-valuation. When
we are on the DD case, the price spectrum increases. (from red-orange range to blue-cyan,
for firm 1, and from orange-dashed line to blue-cyan range for firm 2). Essentially, this leads
to higher prices for high-WTP consumers and lower for low-W'TP ones. Since, however, both
firms want to attract the former, the high prices ultimately lead to higher prices.

Firm 1's Prices Firm 2's Prices
p p
05 DD
o5l P2 4]
P,
04
— p™N(k) R YN
P2
03 DN
Pri (1) 03k o~
— py POk P
02} P10 (k)
‘ P22 (1) 027
s o1l P2iPP%)
‘ ‘ ‘ ‘ . o
0.2 0.4 06 08 1.0 L L L L ]
02 0.4 06 08 1.0
(a) Firm 1 Price Comparison (b) Firm 2 Price Comparison

Figure 3: Firms 1 and 2 Price Comparison — Personalized and Uniform Prices

The following proposition shows the equilibrium in the downstream market.

2

< k<1, firm 1’s profits are strictly ordered as

Proposition 1. For all § € (0,1) and G S

PP > Y > v,

For firm 2, profits satisfy
7P > g™ = 1.

Therefore, the Subgame Nash Equilibrium for the downstream market is for both firms to have
access to consumer data.

Proof. See Appendix A n

Both firms having access to consumer data is a dominant strategy, thereby resulting in
this outcome in the downstream market game. Despite the seemingly contradictory nature
of this phenomenon, this outcome is attributed to the pricing strategies employed by firm
2. In the DN case, firm 2 charges the average price, thereby expanding its market share
among high-valuation consumers. Consequently, the unilateral purchase of consumer data
becomes an inferior alternative for firm 1, compared to DD, since it is an attractive choice
only for low-valuation consumers. when both firms obtain consumer data, they are able to
charge high-valuation consumers at a higher rate and low-valuation consumers at a lower rate,
thereby extracting a greater profit margin from the former. Figure 7 visually corroborates
this result.

Note that when # = 0 or # = 1 firm 1’s profits are the same. This is because at the
first case products are fully separated therefore there is no immediate competition with firm
2. In the second case, products are practically the same, leading to the Bertrand’s Paradox.
However, at 8 = 0 for firm 2’s profits in the DN case lie lower since they do not have access in
consumers’ data. In terms of total profits, consumer surplus and total welfare, the following
figure illustrates a comparison of the results between the three regimes.

10



Firm 1's Profits Firm 2's Profits

Y H SR . S :
02 04 06 08

rl1 DD |"|1 DN r|1 NN

rIZDD HZDN _____ HZNN

(a) Firm 1 Profit Comparison (b) Firm 2 Profit Comparison

Figure 4: Firms 1 and 2 Profit Comparison

Total Profits Consumer Surplus
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Figure 5: Total Profits, Consumer Surplus and Total Welfare Comparison
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2

< k < 1, total profits, consumer surplus and

Proposition 2. For all 6 € (0,1) and ¢ S

total welfare are ordered as:

THDD > THDN > THNN
TCSNN > TCSDN > TCSDD
TWpp >TWpn > TWnnN

Proof. See Appendix A O

As a natural outcome, total profits under the DD regime are the highest, due to price
discrimination and NN total profits are the lowest due to uniform pricing. Price discrimination
generates the lowest consumer surplus, whereas the Bertrand competition yields the highest

one. As previously mentioned, aggregate quantity does not increase with price discrimination
and therefore, total welfare in both DN and DD lie below the NN case, with TWpy > TWpp

3.4.1 Upstream Firm

Let us now suppose that, the upstream firm charges a fixed cost to firm(s) for accessing/
purchasing the database. This cost is such that it extracts all of the firm(s) extra profit when
they obtain the data, minus a small € > 0, in order to make the companies buy the dataset.
The profit of the upstream firm solely depends on the fixed price obtained by the downstream
firms. If the data broker offers an exclusive contract to one of the downstream firms it will
get T = H;DN — Hj-V N _ ¢, In the case where the upstream firm can offer both firms access
to the database, its profit is 2 - (T — €), where T, = IIP” — IIYY, j = 1,2. Therefore, the
upstream firm’s problem is the following”:

HU = max{Tl, 2 TQ}

The following proposition shows the optimal decision for the data broker.

2

Proposition 3. For all0 € (0,1) and - < k < 1, the upstream firm sells consumer data

to both firms since in equilibrium 2 Ty > T7.

Proof. 1f the upstream firm offers an exclusive contact it will only take ITPY — ITVYN which is
less than Hf b_ Hé\] N (see Proposition 1). Therefore, the data broker will sell the dataset to
both firms and gain 2 - IIPP — IIVY > TIPY — IIYVY V6 € (0, 1) O

Figure 6 graphically illustrates the data broker’s decision. One can see that only when
products are perfect substitutes, the upstream firm is indifferent between selling to one or
both firms. Of course, in this case, firms have the same profits in all cases (which are equal
to 0) and therefore they are indifferent between buying or not buying the data. However, for
all 0 < 6 < 1, the optimal strategy for the upstream firm is to sell the data to both firms.

4 Conclusions

In this work, we employ a model of product differentiation and price discrimination in the
presence of consumer data. Specifically, we examine a market structure comprising two down-
stream firms that engage in price competition, and an upstream firm that possesses consumer
data. This upstream firm has the ability to sell this data to one or both of the downstream

"Here, we drop the e, for simplicity
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Figure 6: Upstream Firm Profits under Exclusive contract vs. Data Sharing

firms, thereby influencing the competitive landscape of the market.

Contrary to the findings of previous literature, our analysis reveals that the unique equi-
librium in this market is characterized by both downstream firms acquiring the dataset from
the upstream firm. Furthermore, we find that the upstream firm has a strong incentive to sell
the data to both firms, as this allows it to maximize its profits. From a welfare perspective,
our results indicate that total profits are maximized when both downstream firms acquire
the dataset. However, this comes at the cost of minimized consumer surplus and welfare.
In contrast, the Bertrand Competition scenario yields the highest levels of consumer surplus
and welfare. This highlights the potential negative consequences of data-driven competition,
where firms may prioritize profit maximization over consumer well-being.

Our findings have important implications for policymakers and regulators, who must bal-
ance the need to promote competition and innovation with the need to protect consumer
interests. By understanding the complex interactions between firms and consumers in data-
driven markets, we can develop more effective policies to promote welfare and prevent the
exploitation of consumers.

Further extensions of this model that we are considering are (a) the introduction of a
privacy cost, which allows consumers to endogenously choose for privacy, (b) the endogenous
lower bound for positive residual demand, and (c) the distribution of 6.
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A Appendix
Proof for 1PV > 11DV

Proof. Here, we are going to show that ITPY > IIPN. For this to be true it must be that:

a?(1—0)[(0?—40) (1 - k)’ +16 (K> +k+1)]  a?(1—0) (k+1)
1862 — 02(0+ 1) ~ 2020+ 1)

16( +E+ 1)+ (1 —k)*(0* —40) > 12(1 + k) &

After some mathematical manipulations, we have that:
4>0(4-0)

which is true since 6 € [0, 1]. Therefore, 1PV > TPV O

2

Proposition 1. For all § € (0,1) and -

<k <1, firm 1’s profits are strictly ordered as
PP > Py > v,

For firm 2, profits satisfy

9P > 7Y = 15,
Therefore, the Subgame Nash Equilibrium for the downstream market is for both firms to have
access to consumer data.
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a?(1—-0) (K*+k+1)
32— 0)2(0+1)

2 2
N _ a*(1—0)[0°(1—k)—40(1— k) +16 (K + k+1)] ond TIPY — [IVN — TIVN
! 48b(2 — 0)2(0 + 1) ’ 2 2 !
a?(1—0) (k+1)°

(2 — 0)2(0 + 1)

Proof. We have that [TPP = T1DP =

. Suppose that
nPr > 1y =
a?(1—0) (K*+k+1) N ?1—0)[?P(1—k)?—40(1—k)*+16 (> +k+1)] -
3b(2 — 0)2(0 + 1) 48b(2 — 0)2(6 + 1)
(1—k)20(0—4) <0

which is true for § € (0,1). Therefore, IIPP > TIPYN. Moreover, for IPP > II¥Y to be true,
it must be that:

a?(1-0) (K +k+1) 2(1-0)(k+1)
32020+ 1) 42020+ 1)
AP +k+1)>3(k+1)7 <
(E—1)>>0

which is true V0 € (0,1), k > 0. Finally, since [IPP = [IPP > TIVY = IIYY = 11PN then
[P0 > [IPN = [IYN and PN > TIVV. O

2

Proposition 2. For all 6 € (0,1) and 5

total welfare are ordered as:

7B < k < 1, total profits, consumer surplus and

Tlpp > Tlpy > TN
TCSyn >TCSpy >TCSpp
TWpp > TWpn > TWnn
Proof. Since ITIPP > PN > TIVN and 1197 > TIPN = TIYN, we have that:
PP + PP > Py + 1PN and from PN > TIVY we add to both sides TPV to have

PN + PN > TN 4 TIPN. We also have that TI2Y = TIYYN which ultimately leads to
PN + PN > Y + T,

For the consumer surplus we have that TCSyy > TCSpy > TCSpp. Let us prove that
TCSyy > TCSpy. For this to be true it must be that:

a? [(0% — 40) (1 — k)* + Tk* — 2k + 7] N a? [(30° — 707 — 80) (1 — k)* + 44k + 8k + 44]
126(2 — 0)2(6 + 1) 96b(2 — 0)2(0 + 1)

8((0%—40) (k—1)* + 7k> — 2k +7) > (30° — 767 — 80) (k — 1)* + 44k” + 8k + 44 &
32-60)1-0)(1—k)?>>0

which is true. Therefore, TCSyy > TCSpy. Now we will check whether T'C'Spy > TCSpp.
It must be that:

a? [(36° — 767 — 80) (1 — k)* + 44Kk + 8k + 44] y o (K +k+1)
96b(2 — 6)2(6 + 1) 3b(2 — 0)2(6 + 1)

=

32(° +k+1) <30 (k—1)°—70*(k—1)> — 80 (k — 1)° + 44k> + 8k + 44 &
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(1—0)[0(4—30)+12] (1 —k)*>0

which is true V0 € (0, 1) Therefore, TC'Syy > TCSpy > TCSpp. Finally, we have TCSyy >
TCSpy >TCSpp and Tllpp > Tllpy > Tl yy. Since TW =TCS — T1I, we can multiply
the second inequality with -1 to get —Tllpp < —Tllpy < —TIlyy. By adding the CS
inequality and the latter we have that:

TCSDD —Tlpp < TCSDN —Tlpy < TCSNN —TIlyy &

TWxn >TWpn > TWpp
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