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Abstract. This study examines the impact of consumers’ personal data management on 
firm competition in the data collection and application markets, as well as on welfare out
comes. Consumers purchase products from differentiated firms in these two markets. Ini
tially, in the data collection market, firms compete to collect consumer data to predict 
preferences in the data application market, enabling them to offer personalized prices to 
their targeted customers. Before firms set prices in the data application market, targeted 
consumers can erase their data at a fixed cost, thereby becoming untargeted. We show that 
personal data management leads to higher prices, lower firm profits, negative externalities 
among consumers, and reduced consumer surplus in the data application market. In the 
data collection market, personal data management intensifies competition and improves con
sumer surplus. Our analysis further explores extended scenarios of personal data 
management—including the rights to opt out of data collection, data portability, and data 
ownership—and reveals that firms’ two-market profits and total consumer surplus change 
nonmonotonically with consumers’ data rights. Specifically, granting consumers data 
rights beyond simple data erasure can reverse the effects of erasure alone, benefiting firms 
while harming consumers. Moreover, data management influences cross-market competi
tion quite differently depending on which market consumers exercise their data rights. 
Finally, we discuss proactive strategies firms can employ to maintain profitability under 
personal data laws.
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1. Introduction
Personal data has become a pivotal asset in the mod
ern economy. Data gathered from customers’ product 
usage holds significant value across a firm’s multiple 
business domains, especially in revealing consumer 
preferences. This data-centric approach fosters strong 
integration among business units through coordinated 
data collection and utilization strategies. Consequently, 
firms are increasingly dedicating substantial resources 
to acquire and harness personal data, applying these 

insights across diverse industries to secure competitive 
advantages.

Numerous examples illustrate firms’ efforts to col
lect and utilize consumer data across markets.1 Major 
auto manufacturers are developing smart car sys
tems to collect granular driving data for usage-based 
insurance, such as pay-how-you-drive programs. For 
instance, Tesla, Ford, and GM offer usage-based 
insurance that provides tailored premiums based on 
customer characteristics and collected driving data. 
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Similarly, e-commerce giants like Alibaba and JD.com, 
competing to serve millions of customers, leverage 
their collected e-commerce data to assess creditworthi
ness and offer personalized, in-house financial services 
with tailored interest rates and prices. Additionally, 
the ride-hailing platform Bolt collects comprehensive 
travel data from its users, leveraging this information 
to personalize its food delivery offers.

In digital health, Google has partnered with various 
medical institutions and controversially acquired Fitbit 
in 2021, gaining access to millions of consumers’ health 
data. Simultaneously, Google is expanding its health 
and insurance businesses with data-driven personal
ized offers (Chen et al. 2022, Ozalp et al. 2022). Amazon 
gathers consumer data through its e-commerce plat
form and smart devices (e.g., smart speakers) and has 
made significant investments in health and medical 
services via a series of acquisitions (Ozalp et al. 2022).

The extensive collection and utilization of consumer 
data have significantly enhanced firms’ ability to use 
personalized offers/pricing to extract consumer sur
plus. Recent empirical studies have demonstrated the 
efficacy of such data-driven price discrimination (Shil
ler 2020, Smith et al. 2022, Dubé and Misra 2023), 
prompting extensive policy debates (Goldfarb and 
Tucker 2019, Wagner and Eidenmüller 2019).2

However, mounting concerns about personal data 
have spurred a global wave of personal data legisla
tion, such as the EU General Data Protection Regula
tion (GDPR) and California Consumer Privacy Act 
(CCPA). These laws empower consumers with greater 
control over their personal data, aiming to enhance 
individual welfare. Among these rights, data erasure 
is the most prominent, followed by data portability. In 
response, firms across various industries have imple
mented privacy policies that acknowledge and sup
port consumers’ ability to manage their personal data. 
This paper examines the implications of these per
sonal data management rights on market competition, 
firm profitability, and welfare across both data collec
tion and application markets.

This study considers a duopoly model in which 
consumers purchase products in two independent mar
kets: market B (e.g., wearable devices and cars) is for 
data collection, while market A (e.g., healthcare and 
insurance) is for data application. Consumers’ product 
preferences in the two markets are independent. Two 
multimarket firms compete in both markets, initially 
attempting to attract consumers in market B with uni
form pricing. The personal data collected by each firm 
reveals its customers’ product preferences in market 
A. For instance, granular biometric data collected by 
smartwatches can help uncover consumers’ prefer
ences for healthcare and insurance products. Thus, in 
our model, purchase behavior in market B does not 
reveal consumer preferences in market A; however, 

collected data can. After competition in market B, 
each firm in market A offers personalized prices to its 
targeted consumers, for whom it has collected data, 
and a uniform price to untargeted consumers, for 
whom it does not have data.

Before firms decide on prices in market A, each 
firm’s targeted consumers can erase their data from 
the firm’s database to become untargeted consumers 
at a fixed cost, an option referred to as data manage
ment. Consumers who erase their data (i.e., opt-out 
consumers) can escape personalized prices and choose 
the uniform prices offered by firms. In our benchmark 
scenario, no consumer can manage their personal 
data.

We find that consumer data management leads to 
higher prices, lower firm profits, negative externalities 
among consumers, and reduced consumer surplus in 
market A. The explanation for the higher prices begins 
with the types of consumers who self-select to erase 
their data: targeted consumers with a strong prefer
ence for the firm’s product in market A erase their 
data to avoid being charged high personalized prices. 
Consequently, each firm’s uniform price rises because 
this price is applied to these additional opt-out consu
mers, who have a high willingness to pay for the 
firm’s product. This price increase incentivizes firms 
to set higher personalized prices for consumers who 
remain opt-in, as their outside option—purchasing at 
the rival’s higher uniform price—becomes less attrac
tive. In other words, opt-in consumers bear negative 
externalities generated by opt-out consumers’ data 
management. As each opt-out consumer downplays 
the pricing externalities, some marginal opt-out con
sumers may end up paying a higher uniform price 
than their personalized prices in the benchmark sce
nario without data management.

We now explain the impacts on firm profits and 
consumer surplus in market A. A firm’s profits decline 
because uniform pricing fails to efficiently extract sur
plus from opt-out consumers with high reservation 
values, even though the firm can more efficiently 
extract surplus from opt-in consumers via higher per
sonalized prices. Opt-in consumers become worse off 
due to the higher personalized prices. However, opt- 
out consumers are barely better off, as they pay an 
inflated uniform price along with data management 
costs, resulting in lower consumer surplus in market A. 
Although the data management cost represents a dead
weight loss, increasing this cost can benefit both firms 
and consumers in market A by reducing the number of 
opt-out consumers and mitigating the aforementioned 
equilibrium changes.

Personal data management intensifies competition in 
market B by increasing firms’ incentives to attract con
sumers and collect their data, although it decreases 
profits in market A. This occurs because a firm with a 
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larger customer base in market B can inflate its uni
form price more in market A due to a larger number 
of opt-out consumers. This price inflation reduces the 
incentive for marginal consumers to erase their data 
because the benefit of escaping personalized prices 
diminishes. Consequently, the firm can impose ele
vated personalized prices on more targeted consu
mers, particularly those with high willingness to pay, 
thereby enhancing profitability in market A. This 
dynamic makes a firm’s market A profit more sensi
tive to its market share in market B, leading to fiercer 
competition in market B. As a result, firms earn lower 
profits in market B, while consumers benefit from 
intensified competition. Integrating both markets, per
sonal data management reduces a firm’s profits and 
increase total consumer surplus.

Building on the baseline model, we explore several 
extended scenarios related to personal data manage
ment, including: (i) consumers can opt out of data col
lection in market B, which incorporates the baseline 
model’s no collection opt-out as a special case, (ii) con
sumers have additional data portability in market A, 
and (iii) consumers have an additional vertical charac
teristic of servicing costs. In extension (i), collection 
opt-out harms firm profits and benefits consumers if 
the number of collection opt-out consumers remains 
below a certain threshold. Beyond that threshold, the 
effects are reversed. Therefore, collection opt-out, as an 
additional aspect of data management, has a nonmonotonic 
impact on firm profits and consumer welfare. In extension 
(ii), data portability intensifies competition in market A 
but mitigates competition in market B. In extension 
(iii), an increase in heterogeneity of servicing costs 
accelerates competition in market B. We next provide 
the intuition behind the results of extensions (i) and (ii).

Introducing a data collection opt-out creates two 
consumer groups in market B: those who opt in and 
those who opt out. In market A, the presence of collec
tion opt-out consumers reduces price competition. This 
is because competition for these opt-out consumers, 
which involves uniform pricing by both firms, is less 
intense than for opt-in consumers, where one firm 
employs uniform pricing while the other uses person
alized pricing. Consequently, firms in market A obtain 
higher profits, while consumer surplus decreases. In 
market B, the effect of collection opt-out consumers 
depends on their prevalence. A small number of 
opt-outs initially intensifies price competition due to 
enhanced profitability of personalized pricing in mar
ket A. However, as the number of collection opt-outs 
grows beyond a certain threshold, this effect reverses, 
reducing competition in market B and resulting in 
higher firm profits and lower consumer surplus.

When data portability (GDPR Article 20) is avail
able alongside data erasure in the data application 
market, the majority of consumers share their data 

with firms through portability, triggering Bertrand 
competition in personalized pricing for those consu
mers. This new effect diminishes the firm’s profit in 
market A. Moreover, the lower profitability of person
alized pricing reduces the sensitivity of profits in mar
ket A to market shares in market B, thereby weakening 
competition in market B. Overall, firms achieve higher 
profits across both markets.

Finally, we demonstrate that firms can proactively 
mitigate the negative impacts of data management on 
profits through two simple pricing strategies: (i) impos
ing a price cap and (ii) committing to avoid data- 
driven price discrimination. While these strategies limit 
firms’ ability to fully leverage price discrimination, 
they discourage consumers’ data erasure, a key source 
of negative impacts on profits. Furthermore, such con
straints in market A can boost profits by reducing com
petition in the data collection market B.

2. Literature Review
Firstly, our study contributes to the literature of 
behavior-based price discrimination (BBPD). Tradi
tional BBPD models (e.g., Caminal and Matutes 1990, 
Bester and Petrakis 1996, Chen 1997, Villas-Boas 1999, 
Fudenberg and Tirole 2000) assume that firms use 
purchase history for third-degree price discrimina
tion, often resulting in intensified competition and 
reduced profits. Later research has explored profit
able conditions for BBPD. For instance, Pazgal and 
Soberman (2008) highlight loyalty benefits, while 
Chen and Zhang (2009) show that limiting sales to 
loyal customers can soften competition. Rhee and 
Thomadsen (2017) find that BBPD can be profitable 
among vertically differentiated firms. Shin and Sud
hir (2010) explore the effects of taste changes and 
demand heterogeneity, finding that taste changes 
facilitate customer poaching and higher period-two 
prices in many parameter sets. Additionally, demand 
heterogeneity among consumers makes poaching less 
aggressive, leading to profitable BBPD.3

Recent works consider BBPD with data-driven per
sonalized pricing (e.g., Choe et al. 2018, 2022; Chen 
et al. 2022; Laussel and Resende 2022). Choe et al. 
(2018) demonstrate asymmetric outcomes with per
sonalized pricing for returning customers, while 
Choe et al. (2022) explore the impact of data sharing. 
Laussel and Resende (2022) find personalized pro
ducts can benefit firms that have fixed, differentiated 
products.4 Chen et al. (2022) analyze a multimarket 
firm leveraging cross-market data for personalized pric
ing, highlighting potential consumer welfare implica
tions.5 In summary, typical BBPD models generally 
treat consumer data as a passive input, limiting consu
mers’ ability to influence how firms collect and utilize 
their data.
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Our paper introduces an intermarket model with 
independent preferences across markets and the ascen
dant concept of personal data management—consumer 
actions affecting data collection, application, or both. 
We use BBPD with personalized pricing as the bench
mark and examine how such endogenous data manage
ment, by disrupting firms’ ability to collect, track, and 
price discriminate, reshapes competition and welfare 
across data-connected markets.

Our analysis departs from the typical BBPD litera
ture in three key ways. First, in typical BBPD studies 
(e.g., Shin and Sudhir 2010), completely independent 
consumer preferences (or locations) across periods 
mean competition in each period is independent of 
the other, yielding BBPD outcomes identical to those 
without it. Our model, however, links competition 
across the two markets through firms’ data collection 
and application (i.e., preference prediction and person
alized pricing), thereby capturing the essence of firms’ 
data-driven practices. Second, we demonstrate that 
consumers’ data management yields richer results 
than a mere reduction in BBPD. Notably, data manage
ment generates negative externalities among consu
mers, disrupts the typical seesaw pattern of firm profits 
described in BBPD literature, and can cause both firm 
profits and total consumer surplus to vary nonmonoto
nically with consumers’ data rights. Moreover, it can 
influence cross-market competition in significantly dif
ferent ways depending on which market consumers 
exercise their data rights. Third, we explore firm strate
gies to proactively offset the negative impacts of consu
mers’ data management (Section 6). While our work 
relates to Choe et al. (2018) and Chen et al. (2022), our 
focus on consumers’ data management and its cross- 
market competitive effects is novel and absent in prior 
work. Additionally, our model incorporates richer con
sumer heterogeneity.

Within the burgeoning literature on consumer data 
management with BBPD, our study closely relates to 
Ke and Sudhir (2023). They examine how consumer 
data management affects competition among ex-ante 
homogeneous firms, finding that data erasure and 
portability create a seesaw effect on pricing. While 
these policies limit price discrimination after data 
application, they also discourage firms from initially 
lowering prices to incentivize consumer opt-in. Ke 
and Sudhir (2023) conclude that such policies benefit 
consumers in a competitive setting.

Our model, however, reveals more nuanced effects 
of data erasure and portability on cross-market price 
competition, potentially producing positive and nega
tive welfare consequences for consumers. These con
sequences are a direct result of data management’s 
dual impact. It raises uniform prices in the data appli
cation market, creating negative externalities for opt- 
in consumers. Furthermore, the reduction in opt-in 

consumers fuels competition for market share in data 
collection because firms seek to acquire more data and 
discourage consumers from opting out.

Secondly, our study contributes to the literature on 
imperfect customer recognition in competitive envir
onments (e.g., Chen et al. 2001, Liu and Serfes 2004, 
Esteves 2014, Colombo 2016, Belleflamme et al. 2020), 
all of which assume that firms operate with an exoge
nously given level of imperfect recognition capability 
and examine how this affects market competition. A 
common finding is that imperfect customer recogni
tion can mitigate price competition. For instance, in 
Chen et al. (2001), a firm’s loyal customer may receive 
the low price intended for switchers, discouraging 
firms from lowering their prices.6

In our model, imperfect consumer recognition arises 
from consumers’ endogenous data erasure, meaning 
that only high willingness-to-pay consumers become 
unidentifiable. Consequently, firms increase their prices. 
We also demonstrate that some consumers enhance rec
ognition through data portability, intensifying price 
competition. Furthermore, our study highlights how 
consumers’ endogenous changes in recognition within 
the data application market influence firms’ competition 
to acquire consumer data, which in turn affects consu
mers’ incentives to either decrease or increase their 
recognition.

Finally, our paper contributes to the growing litera
ture on the impact of consumers’ endogenous privacy 
choices and data management on firms’ pricing strate
gies. A pioneering work by Acquisti and Varian (2005) 
considers a two-period monopoly model where consu
mers can anonymize themselves in period two. They 
show that intertemporal price discrimination is unprof
itable if product qualities are identical across periods or 
if forward-looking consumers can costlessly anonymize 
themselves.7 Subsequent studies by Belleflamme and 
Vergote (2016) and Koh et al. (2017), also in monopoly 
settings, focused on data application, demonstrate that 
consumers’ data management choices signal their will
ingness to pay, prompting monopolists to adjust dis
criminatory prices for those who manage their data and 
those who do not.8

While we acknowledge this signaling effect, our 
study departs by examining a competitive environ
ment where both discriminatory and uniform prices 
are influenced by competition. This difference leads to 
significant variations in how, and to what extent, per
sonal data management creates pricing externalities 
for other consumers.

In a competitive setting, Anderson et al. (2023) con
sider a two-stage game involving competition in listed 
prices during the first stage and targeted discounts 
during the second. Unlike our model, they assume 
that consumers opt in or out simultaneously as firms 
set list prices and before they know their product 
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preferences. As a result, consumers’ decisions to opt 
in or out do not signal their preferences, and firms 
cannot adjust list prices based on signaled prefer
ences. Rhodes and Zhou (2026) discuss consumers’ 
excessive data sharing to firms and intraconsumer 
externalities in a general oligopoly model.9 Generally, 
these papers focus solely on how data management 
affect the competition in the data application market. 
Our paper contribute to this strand of literature by con
necting how consumers’ endogenous data management 
affect both data collection and application markets. Fur
thermore, we discuss how firms can proactively offset 
the negative impacts of personal data management.

3. Baseline Model
Consider two markets, A and B. Market B is data rich, 
and firms can collect substantial consumer data in this 
market. Market A is lucrative, and firms can predict 
consumers’ product preferences of this market using 
their data from market B. Our model is best under
stood through a concrete example. Specifically, we 
refer to market B as the market for wearable devices, 
such as Fitbit wristbands and Apple watches, and 
market A as the market for healthcare and insurance. 
Needless to say, our model applies to other markets 
where data are collected in one market and applied in 
another market.

Two firms serve each market—A1 and A2 in market 
A and B1 and B2 in market B—where firms A1 and B1 
are two subsidiaries of firm 1 and firms A2 and B2 are 
two subsidiaries of firm 2. The two markets have the 
same group of consumers, and their mass is normal
ized to one. In each market, a consumer demands one 
unit of product. We normalize the marginal cost of 
production to zero and treat prices as profit margins.

In market B, consumers are indexed by their product 
preference y, which is uniformly distributed on [0, 1]. 
Firms B1 and B2 are located at 0 and 1, respectively, and 
compete on uniform prices. The price set by firm Bi is 
βi (i � 1, 2). Consumer y ∈ [0, 1] obtains utility u � vB�

ky� β1 from firm B1 and utility u � vB� k(1� y)� β2 
from firm B2, where the value of vB is large such that 
the market is fully covered, and k is a positive constant 
that captures taste mismatch. If a consumer purchases 
from firm Bi, then the firm can collect her data through 
her usage of the product. We assume that customers 
must consent to data collection in the market B to uti
lize data-driven products, such as smartwatches and 
advanced driving systems, as well as platform services 
effectively.10

In market A, firms A1 and A2 are located at the end
points 0 and 1, respectively, of the interval [0, 1], 
which is different from the interval in market B. 
Consumers are indexed by their product preference 
x, which is uniformly distributed on [0, 1]. Each 

consumer identifies her location in market A upon 
entering that market. Each consumer’s product prefer
ences in the two markets (i.e., her locations x and y) 
are independent of each other because the products 
serve different purposes (Matutes and Regibeau 1988, 
Armstrong and Vickers 2010).11 For example, a con
sumer’s preference for smartwatches is independent 
of her preference for healthcare and insurance plans. 
Thus, firms in market A cannot infer consumers’ loca
tions based on their locations in market B. Consumers 
privately know their exact realized locations in mar
ket A, which can be interpreted as the healthcare or 
insurance plan that perfectly matches their needs.12

Firm Ai obtains all of firm Bi’s collected consumer 
data. This data transfer means that if a consumer has 
purchased from firm Bi, then firm Ai can uncover her 
exact realized location x in market A with the help of 
consumer data and target her. For example, with the 
assistance of granular biometric data collected by 
smartwatches, firm Ai can identify the healthcare and 
insurance plans that align with a consumer’s prefer
ences (i.e., her location x). However, firm Aj ( j ≠ i) 
knows only that her location x is uniformly distrib
uted on [0, 1]. Firm Ai charges personalized prices 
pi(x) to its targeted consumers and a uniform price αi 
to untargeted consumers.13

After realizing her product preference in market A, 
each consumer can choose whether to erase her data 
from firm Bi’s datasets or object to firm Bi’s transfer of 
her data to firm Ai. This choice is referred to as data 
management. We assume that the cost of data erasure 
is εP0 for every consumer.14 Data erasure prevents 
firms from offering personalized prices to consumers 
who erased their data.

If a consumer does not erase her data, then she con
tinues to be a targeted consumer of firm Ai. Firm Ai’s 
targeted consumer has two choices: receiving utility 
u � vA� txi � pi(x) from firm Ai or receiving utility u �
vA� txj �αj from firm Aj, where xi � 1� xj. If she 
erases her data, she cannot be targeted by either firm 
and thus has two choices: obtaining utility u � vA�

txi� αi from Ai or obtaining utility u � vA� txj� αj 
from Aj.15 The value of vA is large such that the mar
ket is fully covered, and t is a positive constant that 
captures taste mismatch

The whole game proceeds as follows. The two firms 
in market B simultaneously decide their uniform 
prices, and consumers make their purchase decisions 
in market B after observing the prices. Subsequently, 
firms in market B collect data from customers based 
on their usage of the products. Following this, consu
mers identify their product preferences over A1 and 
A2 in market A. They then simultaneously decide 
whether to erase their data. Next, the two firms in 
market A simultaneously post uniform prices. There
after, firm Ai offers private personalized prices to its 
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targeted consumers. After observing all available offers, 
consumers make purchasing decisions in market A. The 
sequential timing of price offers in market A is standard 
in the literature on personalized pricing (Thisse and 
Vives 1988, Shaffer and Zhang 2002, Choe et al. 2018), 
and reflects the flexibility in choosing personalized 
prices and allows us to solve for the subgame perfect 
Nash equilibrium in pure strategies.

4. Analysis of the Baseline Model
In this section, we first establish the benchmark equi
librium of no data management in Section 4.1. Next, 
we establish the equilibrium under personal data 
management and compare it with the benchmark 
equilibrium to reveal the impacts of data management 
across both markets in Section 4.2. Section 4.3 dis
cusses how personal data management affects con
sumer surplus and social welfare in both markets.

4.1. Benchmark: No Data Management
We consider the benchmark in which consumers can
not erase their data from firm Bi’s datasets. Thus, if a 
consumer is firm Bi’s targeted consumer, she must be 
firm Ai’s targeted consumer. Suppose that firm B1 
wins consumers on [0,δ] and that firm B2 wins consu
mers on [δ, 1] in market B. As shown in Figure 1(a), at 
any point x ∈ [0, 1] in market A, a segment, δ, of consu
mers is targeted by firm A1, and the remaining 1� δ 
segment is targeted by firm A2. In other words, at any 
point x in market A, firm Ai’s targeted consumers are 
firm Aj’s untargeted consumers.

Firm Ai sets personalized prices pi(x) for targeted 
consumers and a uniform price αi for untargeted consu
mers. A firm’s optimal personalized prices pi(x) make 
its targeted consumers indifferent between purchasing 
from the firm itself and purchasing from the rival 
under the uniform price. As a result, the two firms’ 

optimal personalized prices are p1(x) � α2 + t(1� 2x)
and p2(x) � α1 + t(2x� 1). Both firms offer higher per
sonalized prices to targeted consumers whose prefer
ences align more closely with their products.

Expecting such personalized prices, firm A1 wins the 
rival’s targeted consumers on [0, x̄2] by offering the uni
form price α1, where the consumer x̄2 � 1=2� α1=(2t) is 
indifferent between purchasing from A1 under α1 and 
purchasing from A2 under p2(x̄2) � 0. So, firm A1 earns 
a profit of α1(1� δ)x̄2 from α1. Similarly, firm A2 wins 
the rival’s targeted consumers on [x̄1, 1] with its uni
form price α2, where x̄1 � 1=2+ α2=(2t), and earns a 
profit of α2δ(1� x̄1) from α2. The equilibrium uniform 
prices and cutoffs are:

αn
1 � α

n
2 �

t
2 , x̄n

1 �
3
4 , x̄n

2 �
1
4 , (1) 

where the superscript n indicates no data manage
ment. Consequently, the equilibrium personalized 
prices are:

pn
1(x) �

3t=2� 2tx if x ⩽ x̄n
1,

0 if xP x̄n
1,

(

pn
2(x) �

0 if x ⩽ x̄n
2,

2tx� t=2 if xP x̄n
2 :

(

Figure 1(b) illustrates the equilibrium outcome in mar
ket A. Therefore, given δ ∈ [0, 1] in market B, the two 
firms’ profits in market A are πn

A1
� t(2+ 7δ)=16 and 

πn
A2
� t(9� 7δ)=16.

We now focus on the equilibrium analysis of mar
ket B. In market B, a consumer considers not only her 
utility vB� kyi� βi, where yi � 1� yj, offered by firm 
Bi, but also her expected utility in the subsequent mar
ket A after purchasing from firm Bi. Specifically, the 
expected surplus of firm B1’s consumers in market A, 

Figure 1. (Color online) Market Structure and Equilibrium Under No Data Management 

(a) Targeted consumers without privacy
management

(b) Equilibrium market outcome
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denoted as E[CSB1], is:

E[CSB1] �

Z x̄n
1

0
(vA� pn

1(x)� tx)dx

+

Z 1

x̄n
1

(vA� α
n
2 � t(1� x))dx � vA� t: (2) 

Similarly, E[CSB2] � vA� t. The indifferent consumer δ 
in market B is determined by

vB � β1� kδ+E[CSB1] � vB � β2� k(1� δ) +E[CSB2],
(3) 

resulting in δ � (k+ β2� β1)=(2k), consistent with the 
standard Hotelling model. The profits of firms B1 and 
B2 are πn

B1
� β1δ and πn

B2
� β2(1� δ), respectively. Each 

firm i decides its uniform price βi to maximize two- 
market profits: Πn

i � π
n
Ai
+πn

Bi 
(i � 1, 2).

The equilibrium uniform prices in market B are βn
i �

(16k� 7t)=16 (i � 1, 2), leading to δn � 1=2. We have 
that πn

Bi
� (16k� 7t)=32 and πn

Ai
� 11t=32. Their equi

librium profits are Πn
i � (t+ 4k)=8. Increased product 

differentiation in market B (i.e., a larger k) consistently 
enhances firms’ profits. In contrast, increased differen
tiation in market A (i.e., a larger t) has opposing effects: 
it increases firm Ai’s profit but decreases firm Bi’s. A 
higher t intensifies competition in market B because 
firms compete more aggressively for consumers, which 
can, in turn, translate into higher firm profits in market 
A. Overall, a larger t results in greater total profit across 
both markets.

Remark 1. Comparison with BBPD literature.
Section 4.1 extends Choe et al. (2018) by introducing 

independent consumer preferences across markets, 
following the approach of Shin and Sudhir (2010). 
Compared with Choe et al. (2018), our model yields 
higher firm profits and lower consumer surplus in 
each market due to easier poaching and higher prices. 

Moreover, these results differ from those of Shin and 
Sudhir (2010), who find that introducing independent 
preferences into Fudenberg and Tirole (2000) intensi
fies competition in the first period but weakens it in 
the second period.

4.2. Equilibrium Under Data Management
4.2.1. Equilibrium Analysis in Market A. Consumers 
can decide whether to erase their data from firm Bi’s 
datasets. These decisions are based on their anticipated 
prices in market A, specifically αa

1, αa
2, pa

1(x), and pa
2(x), 

where the superscript a indicates anticipation. We 
focus on the case where firms in market A employ pure 
strategies in uniform pricing. Lemma 1 characterizes 
the types of consumers who choose to erase their data.

Lemma 1. Given consumers’ price anticipations in market 
A, firm B1’s consumers erase data if and only if their loca
tions in market A are on [0, x̃1], and firm B2’s consumers 
erase data if and only if their locations in market A are on 
[x̃2, 1], in which

x̃1 �
1
2+
αa

2� α
a
1

2t �
ε

2t and x̃2 �
1
2+
αa

2� α
a
1

2t +
ε

2t : (4) 

Lemma 1 states that consumers who match well 
with the firm that has collected their data choose to 
erase data in market A. They do so because they antic
ipate very high personalized prices in the case of no 
data erasure, preferring to enjoy lower uniform prices 
instead. Figure 2(a) shows the locations of these opt- 
out consumers.16

After data erasure, firm Ai’s untargeted consumers 
are those who have purchased from firm Bj and opt- 
out consumers, who have purchased from firm Bi and 
have erased data. Firm Ai’s targeted consumers are 
firm Bi’s consumers who choose to opt in.

We analyze the equilibrium prices in market A after 
data erasure (i.e., x̃1 and x̃2 have been determined). 

Figure 2. (Color online) Market Structure and Equilibrium Under Data Management 

(a) Targeted consumers after data management (b) Equilibrium market outcome
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Firm A1’s opt-out consumers purchase from firm A1 if 
and only if x < x̂ � 1

2+
α2�α1

2t . Because opt-out consu
mers rationally anticipate equilibrium prices (i.e., αa

i 
equals the equilibrium uniform price), inequality x̃1 <
x̂ < x̃2 should hold.

We formulate the objectives of firms A1 and A2 to 
derive their optimal uniform prices. Firm A1 wins the 
rival’s targeted consumers x <max{x̄2, 0}with uniform 
price α1, in which x̄2 � 1=2� α1=(2t). When α1 P t, firm 
A1 forgoes poaching the rival’s targeted consumers. 
Therefore, firm A1’s profit from its uniform price α1 is

α1 (1� δ)
1
2�
α1

2t

� �

+ δx̃1

� �

when α1 ⩽ t,

α1δx̃1 when α1 P t and x̂ P x̃1:

8
><

>:

Given the determined x̃1, firm A1’s local optimal price 
for the second case of the above profit function is α1 
such that x̂ � x̃1, which violates the definition of x̃1 in 
(4) because x̃1 � x̂� ε=(2t). Therefore, only the first 
case can be sustainable in equilibrium.

Similarly, firm A2 applies the uniform price α2 to its 
opt-out consumers and the rival’s targeted consumers 
on [x̄1, 1], where x̄1 � 1=2+ α2=(2t). Firm A2’s profit 
from its uniform price α2 is

α2 δ
1
2�
α2

2t

� �

+(1� δ)(1� x̃2)

� �

when α2 ⩽ t,

α2(1� δ)(1� x̃2) when α2 P t and x̂ ⩽ x̃2:

8
><

>:

Only the first case can be sustainable in equilibrium.
Given x̃1 and x̃2, the two firms’ optimal uniform 

prices are α1 � t=2+ tx̃1δ=(1� δ) and α2 � t=2+ t(1� x̃2)

(1� δ)=δ. Since consumers rationally anticipate equilib
rium prices (i.e., αa

1 � α1 and αa
2 � α2), based on (4), we 

have that

α∗1 �
t
2+ δ(t� ε), α

∗
2 �

t
2+ (1� δ)(t� ε),

x̃∗1 �
(1� δ)(t� ε)

t
, x̃∗2 � 1� δ(t� ε)

t
: (5) 

Compared with uniform prices in (1) under no data 
management, the second terms of α∗i in (5) represent 
the increases in uniform prices.

Each firm’s optimal personalized price at x is the 
rival’s uniform price plus its relative advantage. Thus,

p∗1(x) � α
∗
2 + t(1� 2x) and p∗2(x) � α

∗
1 + t(2x� 1): (6) 

Note that a firm cannot win its targeted consumers 
who strongly prefer the rival’s product, even if its per
sonalized price is zero. Concretely, firm A1 loses its 
targeted consumers on [x̄∗1, 1], while firm A2 loses its 
targeted consumers on [0, x̄∗2], where

x̄∗1 �
3
4+
(1� δ)(t� ε)

2t and x̄∗2 �
1
4�
δ(t� ε)

2t :

Figure 2(b) illustrates the equilibrium outcome in mar
ket A. Therefore, given δ ∈ [0, 1] in market B, the two 
firms’ profits in market A are

π∗A1 � δ α
∗
1x̃∗1 +

Z x̄∗1

x̃∗1
p∗1(x)dx

" #

+ (1� δ)α∗1x̄∗2,

π∗A2 � (1� δ) α
∗
2(1� x̃∗2) +

Z x̃∗2

x̄∗2
p∗2(x)dx

" #

+ δα∗2(1� x̄∗1):

Compared with no data management, we have x̄∗1 >
x̄n

1 and x̄∗2 < x̄n
1, implying that more consumers pur

chase from their less preferred firm. The underlying 
intuition is that higher uniform prices make poaching 
less likely to occur. Consequently, the number of poa
ched consumers decreases.

In comparison with benchmark prices, Proposition 1
summarizes how prices in market A change under 
data management.

Proposition 1. Under data management, firms in market 
A charge higher uniform and personalized prices compared 
with no data management: α∗i > αn

i and p∗i (x) > pn
i (x), for 

i ∈ {1, 2}. Furthermore, the increases in a firm’s uniform 
price and the rival’s personalized prices are more significant 

(i) when the data erasure cost ε declines, or
(ii) when the firm’s market share in market B (i.e., δ for 

firm 1 and 1� δ for firm 2) expands.

The intuition behind Proposition 1 is as follows. 
Firm Ai uses its uniform price to serve its own opt-out 
consumers—those who strongly prefer the firm—and 
to poach the rival’s targeted consumers. Its uniform 
price needs to compete with the rival’s uniform price 
αj for the first group of consumers and compete with 
the rival’s personalized prices pj(x) for the second 
group. Since the rival’s uniform price αj is higher than 
the flexible personalized price pj(x) for marginal con
sumers, opt-out consumers exhibit lower price sensi
tivity for the firm’s uniform price. These consumers 
also have a higher willingness to pay, which boosts 
demand for the firm’s uniform price. The combination 
of low price sensitivity and high demand allows firm 
Ai to be a “fat cat” in uniform price competition 
(Fudenberg and Tirole 1984, Chen et al. 2001). The fat 
cat effect is stronger for firm Ai when the cost of data 
erasure is lower or when its sister firm captures a 
larger market share in market B. As illustrated in 
Figure 3, firm A2’s uniform price rises from αn

2 under 
no data management to α∗2 under data management.17

Since each firm’s personalized prices compete with 
the rival’s uniform price, firms’ personalized prices 
also increase under data management (see p∗1(x) and 
pn

1(x) in Figure 3). Corollary 1 summarizes the discus
sion of Proposition 1.

Cong and Matsushima: The Effects of Personal Data Management 
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Corollary 1. Opt-in consumers face negative externalities 
resulting from opt-out consumers through higher market 
prices, α∗i and p∗i (x).

We now examine price changes for opt-out consu
mers. Since each opt-out consumer downplays her 
impact on driving up market prices, those who benefit 
marginally from data management may find that the 
inflated uniform price α∗i exceeds their benchmark 
personalized prices pn

i (x). For instance, as illustrated 
in Figure 3, firm A1’s opt-out consumers who are close 
to x̃∗1 face a price α∗1 that is higher than pn

1(x).
Finally, to elucidate the impact of data management 

on a firm’s profitability, we decompose π∗A1
�πn

A1 
into 

three distinct components:

π∗A1
�πn

A1
� δ α∗1x̃∗1�

Z x̃∗1

0
pn

1(x)dx
� �

|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}
opt− out consumers

+ δ
Z x̄∗1

x̃∗1
p∗1(x)dx�

Z x̄n
1

x̃∗1
pn

1(x)dx

 !

|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}
opt− in consumers

+ (1� δ)(α∗1x̄∗2� α
n
1 x̄n

2)|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}
poached consumers

: (7) 

Under a fixed value of δ, we can discuss the property 
of (7). The first component in (7) is negative because 
of the firm’s inability to efficiently extract surplus 
from high-willingness-to-pay consumers. The second 
component in (7) is positive. Proposition 1 explains 
the reason: as the rival charges a higher uniform price 
under data management, firm Ai increases its person
alized prices and more of its targeted consumers pur
chase under the increased personalized prices. The 
third component in (7) is negative because under data 
management, firm Ai increases its uniform price due 
to opt-out consumers, resulting in inefficient con
sumer poaching compared with the benchmark sce
nario where the uniform price is solely designed for 
consumer poaching.

We mention the validity of the equilibrium out
comes in market A. First, the equilibrium cutoffs x̃∗i 
and x̄∗i , as depicted in Figure 2(b), are confined within 
the range of zero to one, which holds under t=2 ⩽ 
ε ⩽ t. Second, given the rival’s price, neither firm 
should benefit by deviating to a higher uniform price 
for its opt-out consumers and forego poaching the riv
al’s targeted consumers, nor by lowering the uniform 
price to attract the rival’s opt-out consumers. This 
translates to the condition 

ffiffiffi
3
√

t=2 ⩽ ε ⩽ t. Therefore, we 
impose the assumption 

ffiffiffi
3
√

t=2 ⩽ ε ⩽ t to ensure that 
the outcomes in (5) hold for any δ ∈ [0, 1].18

4.2.2. Equilibrium Analysis in Market B. We turn our 
attention to the equilibrium analysis of market B, the 
data collection market. The indifferent consumer δ in 
market B is determined in the same way as in (3), in 
which E[CSBi] is the ex-ante expected surplus of firm 
Bi’s consumer in market A. We have

E[CSB1] �

Z x̃∗1

0
(vA�α

∗
1� tx� ε)dx+

Z x̄∗1

x̃∗1
(vA� p∗1(x)� tx)dx

+

Z 1

x̄∗1
(vA�α

∗
2� t(1� x))dx: (8) 

The expression for E[CSB2] can be derived in a similar 
manner. We calculate E[CSB1]�E[CSB2] and obtain:

E[CSB1]�E[CSB2] �
(δ� (1� δ))(t� ε)ε

t > 0

if and only if δ > 1� δ: (9) 

Equation (9) highlights an important implication: 
firm Bi’s consumers will experience relatively higher 
expected surpluses if its market share in market B 
exceeds the rival’s market share. This relationship 
between E[CSBi] and its market share stems from the 
results described in Proposition 1. For example, as 
firm B1’s market share, δ, increases, firm A1’s uniform 
price increases, while its personalized prices decrease. 
Since consumers are more likely to remain as opt-in 
consumers, they can expect to retain a higher expected 
surplus from firm A1. In contrast, firm A2’s personal
ized prices increase, implying lower expected con
sumer surplus from firm A2. Consequently, a larger δ 
leads to a higher E[CSB1] than E[CSB2].

We derive equilibrium prices in market B. The 
indifferent consumer in market B is δ � 1=2+ t(β2�

β1)=[2(tk+ ε2� tε)]. Compared with the indifferent 
consumer δ � 1=2+ (β2� β1)=(2k) in Section 4.1, firm 
Bi’s demand is more price elastic here because 
t=[2(tk+ ε2� tε)] > 1=(2k). Firms’ profits in market B 
are πB1 � β1δ and πB2 � β2(1� δ). Firm i sets its price βi 
to maximize two-market profits: Πi � πAi +πBi . Equi
librium prices in market B are

β∗1 � β
∗
2 �

16tk� 8t2 + 15ε2� 14tε
16t , (10) 

Figure 3. (Color online) Comparison of Equilibrium Prices 
Paid by A1’s Consumers 
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implying that δ∗ � 1=2. Firm Bi’s equilibrium profits 
are equal to β∗i=2.

The equilibrium outcomes in market A are deter
mined by replacing δ with 1=2:

x̃∗1 �
1
2�
ε

2t , x̃∗2 �
1
2+
ε

2t , x̄∗1 � 1� ε4t ,

x̄∗2 �
ε

4t , α∗1 � α
∗
2 � t� ε2 ,

p∗1(x) �
2t(1� x)� ε=2 when x̃∗1 < x < x̄∗1,

0 when x̄∗1 ⩽ x,

(

p∗2(x)�
0 when x ⩽ x̄∗2,

2tx� ε=2 when x̄∗2 < x < x̃∗2:

(

The equilibrium profits of firms A1 and A2 are π∗A1
�

π∗A2
� (12t2 + 3ε2� 4tε)=(32t). The equilibrium profits 

of firms 1 and 2 are Π∗1 �Π
∗
2 � (8tk+ 2t2 + 9ε2� 9tε)=

(16t).

Proposition 2. Compared with the benchmark, in the equi
librium under data management, 

(i) price competition in market B intensifies: β∗i < β
n
i , for 

i ∈ {1, 2};
(ii) both firm Ai and firm Bi earn lower profits, resulting 

in reduced overall profits for firm i across both markets.

The first result of Proposition 2 suggests that firms 
compete more aggressively to win consumers and collect 
their data in market B when consumers can erase their 
data. The rationale behind this proposition is as fol
lows. Consider firm 1 as an example. An increase in δ 
has two major effects: (i) a decrease in the ratio of opt- 
out consumers among firm A1’s consumers, x̃∗1 (see 
(5)), thus enlarging the range to which A1 applies the 
elevated personalized prices; and (ii) an increase in its 
uniform price, thus partially offsetting the profit loss 
from opt-out consumers. Due to these two effects, 
firm i’s profit in market A becomes more sensitive to 
its market share in market B, enhancing its incentives 
to increase market share in market B relative to the 
benchmark. Furthermore, as shown in (9), firm Bi 
with a larger market share is more likely to attract 
consumers, which further intensifies price competi
tion in market B for market share.

The second result of Proposition 2 shows that data 
management decreases firms’ profits in both markets. 
Firm Ai experiences lower profits due to its inability 
to effectively extract surplus from high-willingness- 
to-pay consumers and its inefficiency in poaching the 
rival firm’s consumers, even though it earns higher 
profits from remaining opt-in consumers (see the dis
cussion right after (7)). Firm Bi’s lower profit is driven 
by the intensified price competition in the market.

Increased product differentiation in market B (i.e., a 
larger k) consistently enhances firms’ profits. In contrast, 

increased differentiation in market A (i.e., a larger t) 
has opposing effects, increasing firm Ai’s profit while 
decreasing firm Bi’s. In contrast to the benchmark sce
nario, firms’ overall two-market profit declines with t. 
This occurs because, as t rises, the link between market 
B market share and firm Ai’s profit strengthens, leading 
to a substantial increase in competition within market B.

Remark 2. The role of E[CSBi].
The difference in expected surplus E[CSB1]�E[CSB2]

affects the location of the indifferent consumer in mar
ket B. This effect vanishes if E[CSB1] � E[CSB2] regard
less of δ, as seen in Section 4.1, or if consumers do not 
take into account the expected surplus in market A (i.e., 
myopic consumers). In such scenarios, consumers in 
market B consider only their utility in that market. Nev
ertheless, even in the case of myopic consumers, Propo
sition 2(i) still holds because the two major underlying 
effects are independent of E[CSBi], which acts as a third 
effect that intensifies price competition in market B. 
Consequently, Proposition 2(ii) continues to hold.

4.3. Impacts of Data Management on Welfare
Proposition 3 summarizes how consumer surplus 
changes across the two markets under data management.

Proposition 3. Compared with no data management, the 
availability of data management leads to seesaw changes in 
consumer surplus across market A and market B. In market 
A, the consumer surplus of opt-out consumers remains 
unchanged, while opt-in consumers experience a decrease in 
their surplus, leading to a reduced overall consumer sur
plus in market A. In market B, consumer surplus increases.

This seesaw change in consumer surplus results 
from intensified price competition in market B and 
increased prices for the majority of consumers in mar
ket A (see Figure 3). Aggregated consumer surplus 
across both markets is higher under data management.

Compared with no data management, social wel
fare in market A declines under data management. 
This is because a greater number of consumers mis
match with the less preferred firm, as indicated by 
x̄n

1 < x̄∗1 and x̄n
2 > x̄∗2. Additionally, the costs of data 

management cause a deadweight loss, further reduc
ing social welfare. In market B, social welfare remains 
unchanged due to the equal market split. In summary, 
from Propositions 2 and 3, the availability of data 
management fosters a redistribution of surplus among 
market participants and across different markets.

Corollary 2. In the equilibrium under data management, 
consumer surplus in market A increases with ε, while con
sumer surplus in market B decreases with ε.

Corollary 2 summarizes how the data management 
cost, which represents a deadweight loss, impacts con
sumer surplus. An increase in ε discourages consumers 
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from erasing data, thereby weakening the effects 
described in Section 4.2 that adversely affect consumer 
surplus in market A. Consequently, price competition 
in market B is mitigated, negatively affecting consumer 
surplus.

5. Enhanced Models: The Portfolio of 
Data Management Rights

Sections 5.1, 5.2, and 5.4 discuss three key data manage
ment policies: consent to data collection, data portabil
ity, and default opt-in/opt-out. Section 5.3 enhances 
the baseline model by incorporating consumers’ multi
dimensional characteristics. For simplicity, we assume 
that the transportation costs in both markets are equal, 
denoted as t � k, thereby reducing the number of 
parameters.

5.1. Consumers Can Opt Out of Data Collection
We consider the scenario in which consumers can 
simultaneously decide whether to opt out of data col
lection in market B. If a consumer opts out, she 
receives utility u � vB�φ� kyi � βi (where yi � 1� yj) 
from firm Bi. The parameter φP0 represents the dis
utility from malfunctioning data-driven features, which 
can vary among consumers.19

Given a consumer’s opt-out disutility φ, we explain 
how she chooses between opting in and opting out in 
market B. For each option, she evaluates the joint 
expected utility across the two markets. Given the 
anticipated equilibrium in market A, consumer yi of 
firm Bi opts in to data collection if

(vB� kyi� βi) +E[CSin
Bi
]

|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}
expected opt− in utility in two markets

P (vB� kyi�βi�φ) +E[CSout
Bi
]

|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}
expected opt− out utility in two markets

:

(11) 

Otherwise, she opts out of data collection. Here, E[CSin
Bi
]

and E[CSout
Bi
] denote her expected opt-in and opt-out 

utilities in market A, respectively.
Our analysis then proceeds under two scenarios, 

depending on whether opt-in consumers can erase 
data in market A. First, data cannot be erased before 
its application, as in Section 4.1. We refer to this as 
the “collection opt-out” scenario. Second, data can be 
erased prior to application, as in Section 4.2. We call 
this the “full control” scenario.

To analyze consumers’ opt-out behavior, we initially 
consider two polar cases. First, if consumers’ heteroge
neous φ values are uniformly high, such that (11) 
holds for all consumers, they all choose to opt in to 
data collection, resulting in an analysis identical to Sec
tion 4. Second, if their heterogeneous φ values are uni
formly low, such that (11) fails for all consumers, they 
all opt out, leading to the standard Hotelling results in 
both markets: αH

i � t, βH
i � k, for i ∈ {1, 2}, where the 

superscript H indicates the Hotelling outcome.20 The 
Hotelling outcome yields the highest uniform prices in 
both markets, resulting in the highest firm profits and 
lowest consumer surplus compared with the equilib
rium outcomes in Sections 4.1 and 4.2.

We now consider a scenario in which consumers 
incur highly heterogeneous opt-out disutilities in mar
ket B, leading to the coexistence of both opt-in and 
opt-out behaviors. Specifically, an exogenous fraction 
r ∈ [0, 1] of consumers face negligible disutility and 
choose to opt out of data collection, while the remain
ing 1� r consumers face substantially higher disutility 
and therefore opt in.21 Figure 4(a) illustrates the distri
bution of consumers in the scenario of collection opt- 
out: consumers can opt-out in market B but opt-in 
consumers cannot erase data before its application. 

Figure 4. (Color online) Market Structure and Equilibrium Under Collection Opt-Out 

(a) Consumer distribution (b) Equilibrium market outcome
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Firm A1 can target consumers with a mass of (1� r)δh, 
where the subscript h indicates high φ, while firm A2 
can target consumers with a mass of (1� r)(1� δh).

The presence of collection opt-out consumers influ
ences uniform and personalized prices (see Figure 4(b)). 
A firm’s uniform price not only aims to poach the rival’s 
targeted consumers, as described in Section 4.1, but also 
involves a weaker form of Hotelling competition (see the 
regions labeled “pay αi” in Figure 4(b)). Consequently, 
the equilibrium uniform prices lie between αH

i � t and 
αn

i � t=2. An increase in the number of opt-out consu
mers (i.e., a higher r) pushes the equilibrium uniform 
prices closer to the Hotelling price αH

i . Consequently, 
firm Ai’s profit consistently increases with r, as Hotelling 
competition reflects the weakest competitive intensity. 
Meanwhile, consumer surplus always decreases as r 
grows.

In market B, competition depends on the sensitivity 
of firm Ai’s profit to firm Bi’s market share. Both “higher 
personalized prices” and “a larger opt-in population” in 
market A increase this sensitivity, intensifying competi
tion in market B. Increasing the number of opt-out 
consumers (r) creates a trade-off between these two 
effects. For small r, increasing r raises personalized 
prices (through higher uniform prices) without signifi
cantly reducing the number of opt-in consumers. This 
heightened sensitivity intensifies competition in market 
B. Conversely, a large r implies a small opt-in popula
tion, which reduces sensitivity and weakens competi
tion in market B. Overall, the equilibrium prices in 
market B exhibit a U-shaped pattern in r.

In the full control scenario, the equilibrium proper
ties established under collection opt-out continue to 
hold. An additional feature is that collection opt-in 
consumers can erase data in market A, as character
ized in Lemma 1. The effects of these application opt- 
out consumers align closely with the observations in 
Section 4.2: they lead to higher prices in market A and 
intensified competition in market B. Proposition 4
summarizes the discussions when consumers can opt 
out of data collection.

Proposition 4. When a fraction r ∈ (0, 1) of consumers 
face negligible disutility and choose to opt out of data collec
tion, the equilibrium outcomes under collection opt-out 
(resp., full control) blend the Hotelling outcome with the 
results presented in Section 4.1 (resp., Section 4.2). In both 
cases: 

(i) firm Ai’s profit increases monotonically with the num
ber of consumers opting out of data collection (i.e., r), 
whereas firm Bi’s profit is U-shaped in r, exceeding its profit 
under no opting out of data collection (i.e., r � 0) once r 
exceeds a certain threshold r̂ (which differs between collection 
opt-out and full control scenarios);

(ii) consumer surplus in market A decreases monotoni
cally with r, while in market B it is inversely U-shaped in r, 

falling below the surplus under no opting out of data collec
tion (i.e., r � 0) when r > r̂.

Compared with the scenario without data collection 
opt-out in Section 4, Proposition 4 states that allowing 
consumers to opt out of data collection can benefit 
firms and hurt consumers, particularly when the num
ber of opting-out consumers (i.e., r) is not small.

Combining Propositions 2 and 4, we find that data 
management disrupts the typical seesaw pattern of 
firm profits observed in BBPD studies (e.g., Fuden
berg and Tirole 2000, Shin and Sudhir 2010). Specifi
cally, with data erasure in the application market, 
firms’ profits decline in both markets; however, when 
consumers can opt out of data collection, firms’ profits 
increase in both markets if r > r̂.

Moreover, we find that where consumers manage 
their personal data affects competition across markets 
quite differently. An opt-out option in the data collec
tion market raises prices in both markets whenever 
r > r̂, benefiting firms but harming consumers. In con
trast, an opt-out option in the data application market 
(data erasure) tends to increase prices there while low
ering prices in the data collection market, which 
harms firms but can enhance overall consumer sur
plus across both markets.

5.2. Data Portability
We explore an extended scenario where consumers 
have the options of data erasure and data portability 
for data management. Data portability allows targeted 
consumers of firm Bi to request the transfer of their 
data to the rival firm Bj at no cost.22 The equilibrium 
without data management in this extension is the 
same as that in Section 4.1.

We illustrate personal data management strategies 
using firm A1’s consumer located at x. A similar dis
cussion applies to firm A2’s consumers. Firm A1’s con
sumer at location x has four data management options 
to minimize her anticipated total cost, which includes 
price, transportation costs, and the data erasure cost ε 
(if applicable). First, if the consumer erases her data, 
her total cost is either αa

1 + tx+ ε or αa
2 + t(1� x) + ε 

(solid lines in Figure 5(a)). Second, if consumer x 
chooses data portability and does not erase her data 
from A1’s datasets, she will be targeted by both firms 
with personalized prices. Her total cost is pa

1(x) + tx �
t(1� x) when x ⩽ 1=2 and pa

2(x) + t(1� x) � tx when 
xP1=2 (dashed lines). Third, if consumer x chooses 
data portability and erases her data from firm A1’s 
datasets, she will be targeted only by firm A2 and will 
incur a total cost of αa

1 + tx+ ε (the upward-sloping 
solid line).23 Fourth, if she does not manage her data, 
her total cost is αa

2 + t(1� x) (the dotted line).
Figure 5(b) illustrates the equilibrium data manage

ment choices made by firm Ai’s targeted consumers. 
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Firm A1’s targeted consumers in the interval [0, 3=4]
utilize data portability to make their data accessible to 
both firms, triggering intense competition between per
sonalized prices. Consequently, consumers in [0, 1=2]
purchase from firm A1 under personalized prices p1(x) �
t(1� 2x), while those in [1=2, 3=4] purchase from firm 
A2 under personalized prices p2(x) � t(2x� 1). Consu
mers in [3=4, 1] do not manage personal data and pur
chase from A2 at the uniform price α2 � t=2. Firm A2’s 
targeted consumers exhibit symmetrical behavior.

The equilibrium shown in Figure 5(b) requires εP 

t=2, which covers the range of ε in the baseline model. 
Due to the high data erasure cost, even consumers 
who strongly prefer their targeted firm do not choose 
data erasure, as the lower personalized prices result
ing from data portability are more beneficial. How
ever, if ε < t=2, these consumers prefer to erase data 
rather than opt for data portability.24 The key results 
and underlying intuition remain unchanged.

Proposition 5. Suppose consumers in market A have access 
to data erasure and data portability for data management. 
When ε ∈ [t=2, t], compared with no data management, 

(i) uniform prices in market A remain unchanged, but 
personalized price competition intensifies;

(ii) firms in market A earn lower profits, and those in 
market B earn higher profits, resulting in higher two-market 
profits for firms 1 and 2;

(iii) consumer surplus increases in market A and decreases 
in market B.

We explain the intuition behind Proposition 5 point 
to point. First, firm Ai’s uniform price is used solely to 
poach the rival’s targeted consumers, as in the bench
mark of no data management in Section 4.1. Second, 
lower profitability of personalized pricing reduces the 
sensitivity of profits in market A to market shares in 
market B, thereby weakening competition in market B. 
As a result, profits increase. Third, intensified competi
tion in A leads to higher consumer surplus in market A. 
Conversely, consumers become worse off in market B 
due to reduced competition. Aggregated consumer sur
plus across both markets is lower under data manage
ment. Additionally, data portability maximizes social 
welfare by enabling consumers to consistently purchase 
from their preferred firms in each market.

Table 1 shows that firms’ two-market profits and 
total consumer surplus can vary nonmonotonically 
with the scope of consumers’ data rights. The bench
mark for the first and second columns is the scenario 
without data management (Section 4.1), and that for 
the third and fourth columns is Section 4.2 (E in the 
first column). The additional data rights in the second 
and fourth columns—data portability and opt-out 
in market B (r > r̂)—have a nonmonotonic influence. 
In contrast, the additional data right in the third 

Figure 5. Total Costs of Data Management Options and Equilibrium Outcome 

(a) Total costs of data management options (b) Equilibrium outcome

Table 1. The Effects of Data Rights Scope on Firm Profits and Consumer Welfare

Data erasure 
in market A 

(denote it as E)
E and data 
portability

Given E, opt-out 
in market B 

(if r < r̂ )

Given E, opt-out 
in market B 

(if r > r̂ )

Firm’s two-market profits ⇓ ⇑ ⇓ ⇑

Total consumer surplus ⇑ ⇓ ⇑ ⇓
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column—opt-out in market B (r < r̂)—further ampli
fies the effect of E, strengthening benefits to consumers 
and harms to firms. Therefore, firms need to carefully 
consider the specific types of data rights consumers 
have because the impact can vary significantly.

5.3. Consumers with Horizontal and Vertical 
Characteristics

The model setting of this extension aligns with Sec
tion 4.2, with the notable exception of incorporating 
heterogeneous servicing costs for consumers across 
the two markets. Specifically, consumers have differ
ing servicing costs: cB ∈ [0, c̄B] in market B and cA ∈

[0, c̄A] in market A, which are their private informa
tion.25 At each point on the Hotelling line of market l 
(l ∈ {A, B}), service costs cl are uniformly distributed 
over the interval [0, c̄l]. Thus, consumers are uni
formly distributed across the space [0, 1] × [0, c̄l] in 
market l ∈ {A, B}. Figure 6 illustrates the consumer 
distributions in both markets.

For targeted consumers, firms in market A accurately 
identify both product preferences x and servicing costs cA, 
enabling them to charge personalized prices pi(x, cA). For 
untargeted consumers, firms charge uniform prices αi.

5.3.1. Benchmark: No Data Management. The equilib
rium analysis in market A is analogous to that in 
Section 4.1. However, firm Ai’s marginal consumer 
poached by the rival, x̄i, varies with cA, as in Figure 6. 
This is because the firm’s lowest pn

i (x, cA) to retain a con
sumer is her servicing cost cA, making high-cost consu
mers easier to be poached by the rival’s uniform price. 
Then, the rival firm Aj adjusts its uniform price to 
αn

j � (t+ c̄A)=2, accounting for the average cost of the 
poached consumers c̄A=2. Since firm Ai’s personalized 
prices pn

i (x, cA) depend only on location x and the rival’s 
uniform price, its optimal personalized prices are 
independent of cA. In contrast, the range it can offer 

pn
i (x, cA) depends on cA: xn

1 � 3=4+ (cA� 2cA)=(4t)
and xn

2 � 1=4� (cA� 2cA)=(4t).
In market B, the indifferent consumer δ is deter

mined in the same manner as in (3), independent of 
cB. The subsequent analysis mirrors Section 4.1 and 
can be found in Section 6 of Online Appendix A.

5.3.2. Data Management. As shown in Figure 7, the 
marginal consumers who choose to erase data, denoted 
as x̃i, are consistent with Lemma 1, independent of cA. 
Consequently, the equilibrium uniform prices in mar
ket A rise relative to the benchmark: α∗1� αn

1 � δ(t� ε)
and α∗2� αn

2 � (1� δ)(t� ε). Thus, firms’ personalized 
prices also increase. As each firm’s profit in market A 
becomes more sensitive to its sister firm’s market share 
in market B under data management, price competition 
in market B intensifies.

Our analysis demonstrates that the impacts of data 
management align closely with Section 4.2, even with the 
introduction of heterogeneous servicing costs as a vertical 
dimension. Proposition 6 summarizes the result.

Proposition 6. Regardless of whether consumers can man
age data, the profit of firm Ai increases with the upper 
bound of the servicing cost c̄A if its customer base (i.e., δ for 
firm A1 and 1� δ for firm A2) exceeds 2=3. Consequently, 
a higher c̄A motivates firms to compete more aggressively in 
market B. In equilibrium, firms evenly divide customers 
(i.e., δ � 1=2), leading to all firms’ profits decrease with ser
vicing costs.

The intuition behind Proposition 6 is as follows. Ser
vicing costs in market A motivate firms to charge 
higher uniform and personalized prices. These higher 
prices in market A have contrasting effects on the 
firm’s profit. On one hand, the increased uniform 
price implies that firm Ai cannot efficiently poach the 
rival’s targeted consumers, resulting in profit losses. 
On the other hand, firm Ai can impose higher person
alized prices on more of its targeted consumers, 

Figure 6. (Color online) Benchmark Equilibrium Figure 7. (Color online) Data Management Equilibrium 
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leading to profit gains. Therefore, firm Ai’s profit 
increases with servicing costs whenever the beneficial 
effect is strong enough, which occurs when firm Ai’s 
customer base is large. This mechanism directly moti
vates firms to compete more aggressively in market B 
for market shares as servicing costs rise. However, in 
equilibrium, firms equally split market B, implying 
that neither firm gains sufficient market share. Conse
quently, all firms’ profits decrease with servicing 
costs.

5.4. Data Ownership: Opt-In or Opt-Out 
as Default?

The baseline model implicitly assumes that firms own 
user data, as consumers are automatically opted in 
unless they actively choose otherwise. We now shift 
data ownership to consumers, establishing an opt-out 
default where consumers can choose to opt in to data 
application within market A; otherwise, firms cannot 
utilize consumer data, even if collected. In this sce
nario, both firms in market A offer a benefit b ∈ [0, t] to 
incentivize consumers to consent to data utilization.26

The game in market B remains the same as in the base
line model, while the game in market A proceeds as 
follows: (i) consumers simultaneously choose whether 
to opt in; (ii) the two firms simultaneously post their 
uniform prices, followed by offering personalized 
prices and delivering the promised benefit b to their 
opt-in consumers; (iii) after observing all available 
offers, consumers make their purchasing decisions.

In market A, firm A1’s consumers with a realized 
location x > x̃1 � 1=2+ (αa

2� α
a
1)=(2t)-b=(2t) choose to 

opt in to enjoy low personalized prices and the opt-in 
benefit b (if positive). Similarly, firm A2’s consumers 
with a realized location x < x̃2 � 1=2+ (αa

2� α
a
1)=(2t) +

b=(2t) also choose to opt in. However, firm Ai’s tar
geted consumers with nearby locations do not opt in 
due to concerns about high personalized prices. Con
sequently, firm Ai’s segments of opt-in and opt-out 
consumers resemble those depicted in Figure 2(a), and 
the equilibrium analysis is quite similar. Nonetheless, 
firm Ai obtains lower profits compared with the base
line model in Section 4.2, as firms must pay per- 
consumer opt-in benefit b. The equilibrium prices in 
market B are given by

β?1 � β
?
2 �

8t2 + 15b2� 14tb
16t + b, 

which is similar to expression (10) in the baseline 
model (under t � k), but with an additional term b. In 
other words, as firm Ai experiences reduced profits in 
market A due to the opt-in benefit b, firm Bi is less 
motivated to compete for consumers. Proposition 7
compares the equilibrium when b � ε in this section 
with the equilibrium in Section 4.2.

Proposition 7. Compared with the scenario where firms 
own data and consumers can erase it, shifting data property 
rights to consumers leads to diminished profits for firms in 
market A. However, it results in increased profits in market 
B and, consequently, higher two-market profits. Consumer 
surplus becomes higher in market A and lower in market B.

Both the opt-in benefit b here and opt-out cost ε in 
the baseline model influence competition within the 
two markets. A crucial difference between them is 
that b represents a transfer to an opt-in consumer and 
does not constitute a social cost, whereas ε is a social 
cost incurred by an opt-out consumer. Consequently, 
shifting data property rights to consumers enhances 
consumer surplus in market A through accrued bene
fits and saved data management costs ε. However, it 
lowers consumer surplus in market B by dampening 
price competition.

5.5. Other Extended Models
This section provides a brief overview of several 
extended models, with detailed analyses presented in 
Online Appendix B.

5.5.1. The Interests of Firm A2 and Firm B2 Are Par
tially Aligned. We extend Section 4 with the following 
modification: firm B2 is not a sister firm of A2 within 
firm 2 but shares its collected consumer data with 
firm A2 in exchange for a share λ ∈ [0, 1] of firm A2’s 
profits as compensation, where λ captures the degree 
of alignment between firms A2 and B2. We find the 
impacts of data erasure are qualitatively similar to 
those in Section 4. Moreover, as λ increases, firm B2 
competes more aggressively to capture market share, 
resulting in intensified competition in market B and a 
lower value of δ. The effects of a lower δ on the out
comes in market A closely align with our observations 
in Section 4.

5.5.2. Perfect Preference Correlation Across Markets. 
This extension examines a scenario where some con
sumers exhibit perfectly correlated preferences across 
two markets, specifically where their locations satisfy 
x � y. Under data management, among these consu
mers, firm A1’s targeted customers with locations x < x̃1 
choose to erase their data, while firm A2’s customers 
with locations x > x̃2 also erase their data to avoid high 
personalized prices. Consequently, compared with the 
no data management case, both uniform and personal
ized prices in market A increase. Moreover, due to the 
same intuition as Proposition 2(i), competition in mar
ket B intensifies. As a result, consumers become worse 
off in market A but better off in market B.

5.5.3. Data-Driven Product Personalization. Built on 
Section 4, this extension assumes that firm Ai can use 
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data analytics to offer personalized products with a 
common additional value ∆v > 0 to consumers who do 
not erase their data in market A. The effects of 
an increase in ∆v on profits are mixed in markets A and 
B—basically positive and negative. In market A, an 
increase in ∆v leads to higher personalized prices and a 
wider range of consumers purchasing personalized pro
ducts, benefiting firms. However, in market B, anticipat
ing such higher profits, an increase in ∆v accelerates 
competition. Compared with the benchmark of no data 
management, the impacts of data management are highly 
consistent with those observed in Section 4.2.

5.5.4. Vertical Product Differentiation. Building on the 
works of Rhee and Thomadsen (2017) and Jing (2017), 
we examines a scenario in which A1 and A2 are verti
cally differentiated and consumers differ in their 
tastes θ ∈ [0, 1] for quality. Firm Ai accurately identi
fies the quality preferences of its targeted consumers 
and charge personalized prices pi(θ), while the firm 
charges a uniform price αi to untargeted consumers 
due to the lack of their preference information. When 
comparing the equilibrium under no data manage
ment to that under data management, the results are 
highly consistent with those of the baseline model 
presented in Section 4.2.

6. Firms’ Proactive Strategies and 
Managerial Implications

This section explores marketing strategies that firms 
can utilize to mitigate the negative impacts of consu
mers’ data management and highlight more manage
rial implications.

6.1. Committing to Avoid Personalized Pricing
Suppose firms in market A independently commit to 
using only uniform pricing. In this scenario, firms in 
both markets compete in the same manner as in the 
standard Hotelling model. Consequently, such indi
vidual commitments can yield the highest profits for 
firms in each market. However, these enhanced prof
its come at the expense of consumer surplus.27

6.2. Price Cap to Achieve Higher Profits
In market A, consumers choose to erase their data to 
avoid high personalized prices. Suppose each firm 
independently establishes a price cap for market A, 
denoted as p̄. An appropriately designed p̄ by each 
firm can render costly data erasure unbeneficial for 
consumers. Consequently, all consumers in market A 
may choose to remain opt-in, reversing the changes 
described in Section 4.2. In other words, market out
comes will revert to those observed under no data 
management, allowing firms to regain their higher 
profit levels.28

6.3. More Managerial Implications
Besides the above two self-constrained price discrimi
nation, our study reveals the following additional 
managerial implications. 

1. Facilitate Opt-Out for Data Collection to Increase 
Profits Consumers who choose to opt out of data collec
tion can act as a competitive buffer in the data collec
tion and application markets, enabling firms to achieve 
higher profits (see Proposition 4). Thus, giving consu
mers the option to opt out for data collection—despite 
a potential reduction in the volume of collected data— 
can be a strategically profitable decision for firms.

2. Leverage Data Portability for Higher Profits Data 
portability can lead to increased two-market profits 
by weakening competitive pressures in data collection. 
Consequently, firms should be more willing to accom
modate consumer requests for data portability, recogniz
ing its potential to drive profitability (see Proposition 5).

3. Data Property Rights to Consumers: Opportunity in 
Disguise Granting data property rights to consumers 
may seem like relinquishing valuable data assets. 
However, this strategy can actually benefit firms by 
diminishing competition in the data collection market, 
thereby enhancing profitability (see Proposition 7).

7. Conclusions
We analyze a duopoly model where consumers pur
chase products in two markets: one for data collection 
and one for data application. In the data collection 
market, firms collect consumer data. In the data appli
cation market, they compete by setting personalized 
prices for their own consumers and uniform prices for 
other consumers. Before firms set their prices, consu
mers can manage their data. Specifically, costly data 
erasure allows a consumer to avoid personalized pric
ing and opt for uniform prices. Additionally, we 
explore enhanced scenarios, including opting out of 
data collection, heterogeneous serving costs for consu
mers, data portability, and data ownership.

Contrary to expectations, we find that consumer 
data erasure results in higher prices and lower profits 
in data application markets. In the data collection 
market, firms compete more aggressively to attract 
consumers due to the higher sensitivity of their profits 
in the data application market to their market share. 
This heightened sensitivity arises because firms with 
larger customer bases can increase uniform prices 
more in the data application market. This makes data 
erasure less appealing and facilitates broader person
alized pricing. The impact of data erasure on consu
mers is also twofold: it harms those who opt in while 
simultaneously benefiting the overall surplus in the 
data collection market.

Our analysis of the enhanced scenarios further reveals 
that a firm’s two-market profits and total consumer 
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surplus change nonmonotonically with consumers’ data 
rights. Moreover, the impact of data management on 
cross-market competition varies significantly depend
ing on the market in which consumers exercise their 
data rights. These findings underscore the need for care
ful consideration of consumer choice and market 
dynamics when designing policies related to personal 
data management.

Our theoretical results yield several testable empiri
cal implications. First, when erasure becomes easier 
(smaller ε), application-market prices rise, collection- 
market prices fall, firm profits decline, and aggregate 
consumer surplus increases (Section 4.2). Second, par
tial opt-outs of data collection in market B generate a 
nonmonotonic profit effect, with competition first inten
sifying and then relaxing (Section 5.1). Third, portability 
mandates sharpen personalized-price rivalry in market 
A but soften competition in market B, thereby raising 
overall firm profits (Section 5.2). Finally, credible pub
lic commitments to uniform pricing reduce erasure 
rates and temper acquisition-market aggressiveness 
(Section 6). These mechanisms suggest that observable 
policy changes, such as APIs enabling portability, 
automated deletion requests, or consent-default modi
fications, should yield observable and falsifiable pat
terns in firm pricing strategies, customer acquisition 
costs, and opt-out rates, guiding future empirical 
research and policy evaluation.
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Endnotes
1 Section 1 of Online Appendix B offers an in-depth examination of 
these real-world business cases.
2 See Esteves and Resende (2016) and Ezrachi and Stucke (2016) 
about real-world cases of personalized offers.

3 Jing (2016), Li and Jain (2016), and Colombo (2018) explore other 
variations of BBPD, considering post-consumption valuation dis
covery, consumer fairness concerns, and heterogeneous price elas
ticities, respectively, demonstrating how these factors influence 
competition and profitability.
4 Laussel (2023) extends Chen et al. (2020) to two periods, finding 
BBPD less profitable.
5 Related studies like Cordorelli and Padilla (2024), de Cornière and 
Taylor (2024), and Herresthal et al. (2025) also address the benefits 
and challenges of inter-market data usage.
6 Moorthy and Shahrokhi Tehrani (2023) show that combining person
alized pricing and advertising in a Hotelling model with ad-driven 
segment sizes intensifies pointwise asymmetric Bertrand competition.
7 Li et al. (2025) analyze a two-period model of a storable good 
monopolist, showing that sharing data on first-period consumption 
increases profits and social welfare but harms consumer welfare. 
Ning et al. (2025) consider a monopolist’s advertising strategy 
when both the firm and consumers have imperfect information 
about consumer preferences. They analyze how opt-in and opt-out 
data policies influence the effectiveness of advertising.
8 Montes et al. (2019) and Valletti and Wu (2020) also examine how 
consumers’ data management can be used to avoid personalized 
prices. Montes et al. (2019) focus on the data broker’s optimal data 
sales strategy, while Valletti and Wu (2020) endogenize the quality 
of profiling technology in a monopoly setting.
9 Ichihashi (2020), Ali et al. (2023), and Miklós-Thal et al. (2024) 
model privacy as strategic information disclosure by consumers, 
exploring optimal disclosure strategies and their influence on mar
ket outcomes. Braulin (2023) examines different privacy regimes 
when the preferences of consumers, who make single-item pur
chases, are two-dimensional.
10 The scenario where consumers can opt out of data collection is 
analyzed in Section 5.1.
11 Section 4 of Online Appendix B presents an analysis in which 
some consumers’ product preferences are perfectly correlated across 
the two markets, confirming the robustness of our main insights.
12 The Hotelling model is frequently used to analyze differentiation 
in healthcare and insurance plans (Gal-Or 1997, Ellis 1998, Biglaiser 
and Ma 2003, Chen et al. 2022). Such products are commonly believed 
to differentiate horizontally (Biglaiser and Ma 2003, Gaynor and 
Town 2011). For example, healthcare can differentiate in approved 
physician lists, diagnostic testing, real-time monitoring, and high-tech 
services, while insurance plans differ in coverage, care providers, 
reimbursement policies, and other characteristics. Section 5.3 explores 
the scenario where consumers also differ in their servicing costs.
13 Using consumer data, firm Ai can offer tailored products to its 
targeted consumers, delivering enhanced value. Section 5.5 briefly 
discusses the scenario incorporating both data-enabled product per
sonalization and personalized pricing, with a detailed analysis pro
vided in Section 5 of Online Appendix B.
14 Our main results do not change if consumers have heterogeneous 
data erasure costs. Refer to Section 8 of Online Appendix B for the 
corresponding analysis.
15 The California Consumer Privacy Act prohibits businesses from 
discriminating against individuals who choose to erase their data, 
including practices like charging different prices or denying service. 
Although the GDPR lacks an explicit anti-discrimination provision, 
its principles of fairness, transparency, and the protection of indi
vidual rights could be leveraged to challenge businesses that 
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discriminate against individuals managing their data. Therefore, we 
assume that firm Ai charges the same uniform price to both its opt- 
out consumers and the rival’s targeted consumers.
16 Lemma 1 contrasts with the findings of Ke and Sudhir (2023) 
regarding consumer data management. In their study, consumers 
with a strong preference for a firm opt in because they can reap 
greater benefits from personalized products, while the firm cannot 
efficiently extract surplus due to uncertainty about their valuations. 
In our model, firms do not face such evaluation uncertainty with 
the assistance of data. Lemma 1 continues to hold even if we intro
duce benefits from personalized products, as demonstrated in Sec
tion 5 of Online Appendix B. This is because the firm continues to 
charge very high personalized prices on nearby targeted consumers 
to extract more surplus from the larger “pie.”
17 The inflated uniform prices align with the finding in the literature 
of imperfect customer recognition (e.g., Chen et al. 2001): a firm’s 
loyal customer may receive the low price intended for switchers, 
discouraging firms from lowering their prices.
18 Intuitively, a very small ε incentivizes many consumers to erase 
their data. This tempts a firm to charge a higher uniform price to its 
opt-out consumers, thereby forgoing the opportunity to poach the 
rival’s consumers, or to lower the uniform price in order to attract a 
larger number of the rival’s opt-out consumers. Section 13 of Online 
Appendix B demonstrates how this assumption is derived. Many 
studies (e.g., Worden 2025) have demonstrated the significant costs 
consumers face when attempting to erase their data. Under this 
assumption, the share of consumers erasing data is around 7% on 
the equilibrium path, moderately aligning with real-world con
sumer behaviors on data management. For instance, the GDPR 
decreases total recorded online searches by 10.7% (Aridor et al. 
2023); Alcobendas et al. (2026) found that only 5% of users have 
opted out of behavioral targeting under GDPR and CCPA. The 
parameter range of ε can be significantly expanded when some con
sumers in market A cannot be targeted by either firm (see Section 
2.2 of Online Appendix B).
19 If consumers incur intrinsic privacy costs c when their data is col
lected in market B (Acquisti et al. 2016, Lin 2022, Ke and Sudhir 
2023, Rhodes and Zhou 2026), the opt-out disutility can be expressed 
as the net value φ� c. Hence, a lower opt-out disutility φ is equiva
lent to a higher privacy cost c.
20 In Section 2 of Online Appendix B, we outline the specific condi
tions for consumers’ heterogeneous φ being “uniformly high” and 
“uniformly low.”
21 Equivalently, this scenario can be interpreted as a fraction r of 
consumers whose data in market B are uninformative about their 
product preferences (i.e., locations) in market A, while the remain
ing consumers’ data are informative.
22 According to personal data laws, the responsibility for data por
tability primarily falls on the firm, and consumers do not incur sig
nificant costs. For instance, the guidelines in the GDPR specify that 
“the overall system implementation costs should not be charged to 
the data subjects.” Similarly, the CCPA explicitly mandates that 
consumers should not be charged for data portability. Our results 
remain unchanged even if we assume that data portability entails a 
small cost for consumers.
23 In Figure 5(a), we omit the upward-sloping solid line for xP1=2. 
A consumer at x choosing the third option pays pa

2(x) + t(1� x) + ε �
αa

1 + tx+ ε, where the anticipated personalized prices pa
2(x) follow (6).

24 When ε < t=2, the lines αa
1 + tx+ ε and αa

2 + t(1� x) + ε in Figure 5(a)
shift downward, causing part of αa

1 + tx+ ε to lie below the line 

t(1� x). A detailed analysis of this case is provided in Section 14 of 
Online Appendix B.
25 For example, in market B of smart cars, cB may represent costs 
related to customer communication, problem-solving, and after- 
sales services. In market A of auto insurance, cA reflects the custo
mer’s driving risk, significantly impacting the firm’s insurance 
costs. Refer to Shin et al. (2012) and Subramanian et al. (2014) for a 
more in-depth discussion on the variation in servicing costs among 
customers.
26 This benefit may take the form of exclusive sales, coupons, dis
counts, or other data-related perks. The constraint b ⩽ t ensures that 
the benefit is not so substantial as to fully negate the product differ
entiation between the firms. Technically, b plays a similar role to ε 
in the baseline model.
27 Note that such commitments are sustainable if firms do not have 
incentives to deviate to using personalized pricing.
28 Note that such price caps are sustainable if firms do not have 
incentives to deviate to removing such caps.
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