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Abstract

Personalized pricing has become a reality through digitization. We examine firms’
incentives to adopt one of the three pricing schemes: uniform, personalized, or group
pricing in a Hotelling duopoly model. There are two types of consumer groups that
are heterogeneous in their mismatch costs. We show that both firms employ personal-
ized pricing in equilibrium regardless of the heterogeneity of consumer groups. If the
consumer groups’ heterogeneity is significant, the profits are higher when both firms
use personalized pricing than when they employ uniform pricing; otherwise, the latter
profits are higher than the former. Profits are highest when firms employ group pric-
ing among the three cases. The ranking of consumer welfare among the three cases is
opposite to that of profits.
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1 Introduction

Personalized pricing has become a reality through digitization (OECD, 2018).! In particular,
mobile technology allows companies to offer discriminatory prices because customers have
individual mobile devices to access online services (Esteves and Resende, 2016). A famous
example of such personalized pricing is Uber’s “route-based pricing,” which depends on
customers’ willingness to pay (Bloomberg, 2017).2 Although personalized pricing can help
firms capture each consumer’s willingness to pay, the strategic interaction with rivals can also
exert opposite effects. This possibility raises questions about whether personalized pricing
can improve a firm’s profits and benefit the consumers.

Regarding the influence of personalized pricing on firms’ profits, there has been broad
discussion since the seminal paper by Thisse and Vives (1988). They concluded that per-
sonalized pricing induces a prisoner’s dilemma where all firms become worse off than the
situation when all the firms commit to uniform pricing (Shaffer and Zhang, 1995; Bester and
Petrakis, 1996; Zhang, 2011). However, several studies show that personalized pricing does
not necessarily result in a prisoner’s dilemma in the case of firm asymmetry (e.g., a quality
difference (Shaffer and Zhang, 2002), quality choice (Ghose and Huang, 2009), and initial
cost difference with R&D (Matsumura and Matsushima, 2015)). Therefore, discussions on
the effect of personalized pricing on firms’ profits are inconclusive.

This study examines consumer heterogeneity and develops a linear market model com-
prising two consumer groups—one incurring high transportation costs (high-end consumers)
and the other incurring low transportation costs (low-end consumers). The model also
comprises two symmetric firms competing in this market and choosing one of the pricing
schemes: uniform, personalized, or group pricing.

The results are as follows. Both firms always employ personalized pricing in equilibrium,

which enhances both firms’ profits compared with the situation where both employ uniform



pricing if the consumer groups are sufficiently heterogeneous. Furthermore, firms’ profits
when they both employ group pricing are always the highest compared with the other two
cases mentioned before. We show that the consumer surplus in group pricing is always the
lowest when comparing the aforementioned three cases. The consumer surplus in uniform
pricing is the highest if the consumer groups are sufficiently heterogeneous.

In this regard, the intuition stems from how the low-end consumers influence the uni-
form prices of firms. When the low-end consumers incur a sufficiently low transportation
cost (relative to the high-end consumers), they are price-sensitive. When firms adopt a uni-
form pricing scheme, they offer sufficiently low prices to capture the price-elastic consumers;
this diminishes their profits from high-end consumers. However, when both firms adopt per-
sonalized pricing, they customize each consumer’s price and delink the markets for high- and
low-end consumers. This makes the competition mode similar to an asymmetric Bertrand
competition for each consumer. Unlike a uniform pricing scheme, the adoption of personal-
ized pricing intensifies the competition for low-end consumers (a negative effect). Neverthe-
less, it enables each firm to set higher prices for high-end consumers located closer to that
firm (a positive effect). In summary, personalized pricing triggers market segmentation such
that low-end consumers pay less. In contrast, some high-end consumers pay more, which
benefits the firms when the heterogeneity between the two consumer groups is sufficiently
significant.

Group pricing is the simplest way to delink the two markets for the two consumer types
and allows firms to escape fierce Bertrand competition under personalized pricing at each
point. However, group pricing is not attainable in equilibrium. The comparison between
group and personalized pricing is equivalent to that between uniform and personalized pric-
ing in Thisse and Vives (1988) when we focus on each consumer group. We can directly
apply the conclusion in Thisse and Vives (1988) and find that each firm has an incentive to

employ personalized pricing, given that the rival employs group pricing. Therefore, group



pricing is not sustainable as an equilibrium outcome, although firms are better off if they

employ group pricing.

In a recent study, Esteves (2022) considers a static setting where personalized pricing can
become a winning strategy for competing firms.> The intuition relies on the heterogeneity
in the quantity demanded by consumers. As in Shin and Sudhir (2010), some consumers
demand more products than others. We capture consumers’ heterogeneity by their horizontal
valuation of products (i.e., the transportation cost) instead of the quantity purchased. We
also consider the endogenous choices of pricing schemes. Given these differences, our study
complements Esteves (2022).

Esteves and Shuai (2022) also discuss the profitability of personalized pricing in a Hotelling
duopoly with a CES type elastic demand (Gu and Wenzel, 2009).* They show that person-
alized pricing is more profitable than uniform pricing if the elasticity is high. The reason is
that personalized prices are independent of the elasticity, although uniform prices decrease
with the elasticity. Contrasting to their paper, we consider the endogenous choices of pricing
schemes in addition to the profit comparison. Also, our paper differs from theirs regarding
the relationship between price elasticities and personalized prices. Given these differences,
our study complements Esteves and Shuai (2022).

Rhodes and Zhou (2022) investigate the effects of personalized pricing on profits and
welfare, using a generalized oligopoly model based on Perloff and Salop (1985).> The au-
thors generalize the number of firms and the degree of market coverage and show that in
the short run (e.g., when firms’ number is exogenously given), personalized pricing would
benefit firms and harm consumers compared with uniform pricing, only when the market
coverage is low. By incorporating consumers’ heterogeneity in their mismatch costs, we
show that the same argument could hold even under a ful/l market coverage. Therefore, we
provide a complement to Rhodes and Zhou (2022).

The remainder of this paper is organized as follows. Section 2 formulates the model.



Then, section 3 analyzes the model and presents the main results. Finally, section 4 con-
cludes the paper. The detailed mathematical procedures are available in the Online Ap-

pendix.

2 Model

We consider a product characteristic space with interval [0, 1]. There are two consumer types
called consumer k (= L, H). We refer to the markets with consumers H and L as markets H
and L. We normalize the number of consumers to 1 and assume that the shares of consumers
H and L are A and 1 — A, respectively. The distribution of consumers in each market is
uniform on the interval [0, 1].

There are two firms—firms 0 and 1 located at O and 1, respectively. We assume that firm
i can choose one of the three pricing schemes—uniform, personalized, or group pricing. In
uniform pricing, the firm offers the same price to all consumers regardless of their location
or type. In personalized pricing, the firm can customize the price for each consumer located
at x € [0, 1] in market k. Finally, in group pricing, the firm offers discriminatory prices to
consumers H and L.

The utility function for a consumer located at x € [0, 1] in market k is

v — po(x, k) — trx buying from firm 0O,
U k) = 0 k ying

v —p1(x, k) — (1 — x) buying from firm 1,
where v is the willingness to pay for the ideal product, p;(x, k) is the customized price offered
to consumers located at x in market k, and #; is the per-distance transportation (mismatch)
cost in market k, as in Armstrong (2006, pp.116-117). Note that, for any x € [0, 1] and
k = H, L, pi(x, k) is constant when firm i uses uniform pricing. We denote the uniform price

offered by firm i by p;. When firm i uses group pricing, it offers a uniform price p;(k) to



market k. Assume 7y > t; > 0 and define 7 = #,/ty. We perform comparative statics on 7
keeping ty fixed throughout the study.

Our model effectively captures a feature of app-based taxi services, which is price dis-
crimination based on users’ characteristics. Some firms can offer group pricing based on
users’ mobile phone types, such as iPhones versus other mobile phones.® Users of iPhones
tend to be less price elastic because of their higher wealth levels compared to users of other
mobile phones.” This difference in price elasticity can be captured by heterogeneity of trans-
portation costs, which represent price elasticity. Additionally, personalized pricing can be
implemented by considering consumers’ preferences for taxi services, such as their urgency
or willingness to consider alternative transportation options, as exemplified by Uber’s route-
based pricing. To capture these preferences, we use locations on the interval [0, 1].

Each firm produces a product without cost. Then, firm i’s profit is as follows:

mo[po(x, k), p1(x, k)] = /lf po(x, Hydx + (1 - /l)f po(x, L)dx,
0 0

1 1
mi[po(x, k), pi(x, k)] E/lf pi(x, Hydx + (1 —ﬂ)f p1(x, L)dx,

XH

where x; is the location of indifferent consumers in market k.

We follow the timing structure of Thisse and Vives (1988). In the first stage, each firm
selects one of the three pricing schemes. In the second stage, a firm employing a uniform
or group pricing offers its observable uniform price. Subsequently, a firm employing per-
sonalized pricing offers personalized prices, p;(x, k), determined by the consumer types and
locations. If the two firms adopt the same pricing scheme, they simultaneously determine
their prices. The timing of pricing offers are in line with those considered in the literature
(e.g., Thisse and Vives, 1988; Shaffer and Zhang, 2002; Clavora Braulin and Valletti, 2016;
Choe et al., 2018; Chen et al., 2020; Esteves, 2022). Using backward induction, we solve

this game.



3 Analysis

We need to solve six types of subgames: (i) Both firms choose uniform pricing; (ii) Both
firms choose personalized pricing; (iii) Both firms choose group pricing; (iv) One firm
chooses uniform pricing, and the other one chooses personalized pricing; (v) One firm
chooses group pricing, and the other one chooses uniform pricing, and (vi) One firm chooses
group pricing, and the other one chooses personalized pricing. As the calculations are sim-

ple, we provide only the results in the subgames.

3.1 Both firms choose uniform pricing

We consider the case where both firms employ uniform pricing. They simultaneously offer
their uniform prices. We use the superscript “UU” to denote this case.

We classify the outcome in this subgame into two cases: (1) a pure strategy equilibrium
exists; (2) no pure strategy equilibrium exists. The former case appears if 7 satisfies the

following inequality, otherwise the latter appears:

g ~1=-D2+)+2V1-2
r= A3 + )

= Tuu ey

In the first case (r > 7,,), we obtain each firm’s price and profit as follows:

tyt tyt
—_— Y, T .
1-A1-1) 2-2X(1-1)

p= ()

In the second case (when 7 < 7,,), we instead consider a mixed strategy equilibrium
where, (i) firm O chooses a low price py; with probability « and a high price pg, with prob-
ability 1 — @, and (ii) firm 1 chooses a low price p;; with probability 8 and a high price py;

with probability 1 — . We use the superscript m to indicate an outcome in a mixed strategy
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Figure 1: The area in which a pure strategy NE exists in UU

equilibrium if necessary.

We focus on a symmetric mixed strategy NE such that x; (pos, p1;) < 0, x.(poi, p1n) > 1,
x(por, p1) = xr(Pons P1n) = 1/2, xu(por, p1n) € (0, 1), xu(pon, p1) € (0, 1), xu(por, p11) =
Xu(pons p1n) = 1/2, and @ = B € (0, 1). In this equilibrium, the resulting outcome in market
L is the corner solution in which the low-price firm obtains all type L consumers’ demand
if the rival offers the high price. We can numerically obtain a symmetric mixed strategy
equilibrium with p7v", pP" and oV = BUY € (0, 1) that satisfy (the detail is available in

(A.1) in the Appendix):

UUm

The expected profit of firm i when it offers p;

= The expected profit of firm i when it offers p, V" = 7Vt

Given the complexity of the last two simultaneous equations, we cannot explicitly derive
the values of VY and BYY but numerically show those values in Figure 2. The region where
aYY(4,71) € (0,1) coincides with that of the pure strategy equilibrium is not sustainable.

The relationship between aVY and A can be positive and negative, depending on A (see

a@YY(Q) in Figure 2): it is negative if A takes on an intermediate value; it is positive if A is
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Figure 2: Mixed strategy in which both firms employ uniform pricing

large enough but is not near 1. When A is near zero, the firms offer a low uniform price,
which is close to 7ty (see (2)), with probability 1, resulting in a pure strategy equilibrium.
However, when A takes on an intermediate value, a pure strategy equilibrium is not sus-
tainable due to the incentive for firms to deviate by offering higher prices to achieve higher
price cost margin. To eliminate this deviation incentive, firms need to adopt a mixed strat-
egy involving probabilistic offers of high prices, thereby making low prices more profitable
through demand expansion of type L consumers in the case where the rival offers such a high
price. As A increases, the deviation incentive becomes stronger because the gain from type
H consumers increases. The increased gain induces firms to offer high prices with higher
probabilities (a decrease of aVY).

In the second case where A is large enough but not near 1, the importance of supplying
to type L consumers is low enough, inducing firms to increase piV” along with an increase

of @Y to target type H consumers. However, when A is near 1, the firms mainly focus on

type H consumers and offer p, close to #, in (2) with probability 1.
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‘We can summarize the discussion as follows:

ZY{—T lfT Z Tuuv
-1 -17)
pY = pYU" in (A.1) with probability VU (8VY), . 3)
if 7 < 7,
pLU™ in (A.1) with probability 1 — Y (1 — gUY).
IuT .
— ifr>1,,
7TiUU — 2-24A(1-1) 4)
nf]U’” in (A.1), ift <7y,

Conducting comparative statics, we find that when A is large and 7 is smaller than but

sufficiently close to 7,,, a decrease in 7 enlarges the profits of the two firms. If 7 < 7,,, each

UUm
ih

firm sets a high price, p “”, with a positive probability to escape from fierce competition in
market L and to concentrate on market H (see aVY"(A, 1) in Figure 2). The strategic effect
mitigates price competition, although the direct effect of a decrease in 7 intensifies price com-
petition. If 7 is smaller than but sufficiently close to 7,,, the marginal impact of the strategic
effect is larger than the direct effect because the probability of offering p ¥ becomes strictly
positive, implying that the strategic effect begins to be effective and has a first-order impact

on competition. Otherwise, the direct effect of a decrease in T dominates the strategic effect,

aggravating competition. We summarize the above finding in the following proposition:

Proposition 1 Suppose that both firms employ uniform pricing. When T is smaller than but
sufficiently close to t,, and A is larger than a threshold value, a decrease in T increases the

expected profits of the firms.

3.2 Both firms choose personalized pricing

We consider the case where both the firms use personalized pricing. They simultaneously
offer personalized prices for distinct consumers. We use the superscript “PP” to denote this

case.
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In each market, the firms face an asymmetric Bertrand competition at each location,

x € [0, 1]. The firms choose the following prices at location x in market k (= H, L).

t(l — x) —fx forx € [0,1/2],
py (xk) =

0 for x € (1/2,1],

0 for x € [0, 1/2],
k) =

tx —1(l—x) forxe(1/2,1].

Then, consumers in [0, 1/2] and (1/2, 1] buy from firms O and 1, respectively. We obtain the

profit of each firm as follows:

pp _ tH(A+T(1 =)
1 .

®)

T

When A4 = 1 or 7 = 1, the outcome is the same as that with the personalized pricing in
Thisse and Vives (1988). When 7 # 1, n*” decreases when A decreases. However, pf?(x, k)
(k = H, L) remains the same because the two markets are independent. Similarly, when

A # 1, 7% and p?(x, L) decrease when t decreases, and p?”(x, H) remains the same.

3.3 Both firms choose group pricing

When both firms adopt group pricing, they offer uniform prices to each consumer group.
Therefore, they compete in markets H and L, respectively. We use the superscript “GG” to
denote this case.

The prices and the resulting profits are

tg(A+ ({1 - D7)

pH) = 1y, p°°(L) = 1, = Ty, 7 >

(6)

A decrease in A and a decrease in 7 lower profits.
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3.4 One firm chooses uniform pricing, and the other one chooses per-
sonalized pricing

We consider the case where one firm (say firm 0) employs uniform pricing and the other (say
firm 1) adopts personalized pricing. In the second stage, firms O and 1 become the leader and
the follower, respectively. We use the superscript “UP” to denote this case.

We check the optimal pricing of the firms. Since firm 1 becomes the follower, given p,
firm 1 chooses pY?(x, k) = max{p, + frx — (1 — x),0} at x € [0, 1] in market k. Next, we
consider firm 0’s decision. A consumer who is indifferent between buying from firm O or
firm 1 must satisfy pg + t;x = p; + (1 — x), from which we have p(x, ) = po + 2x — D,
which must be non-negative. By solving p+(2xY” - 1)1, = 0, for x!*, we obtain the location
of the indifferent consumer in market k, x/*(po) = (% — po)/(2t). Since x"(py) € [0, 1],

firm O’s profit function is

pofAxy (po) + (1 = DxIP(po)} if 0 < po < 11y,
70" (Po) =1 podxly” (po) if Tty < po < th,

0 if tg < po.

By solving the profit maximization problem of firm 0, we obtain the following optimal price:

tyt X T
L LT P 12 <,
P~ 2 2al-q1) T orl2sr
ur _
1
In if — <l1<1and 7<1/2.
2 1-71

If Ais large and 7 is small, firm O will abandon the supply to type L consumers, and firm 1 will
monopolize the market for type L consumers. Otherwise, firm 0 will serve both consumer
types by offering p{/”, which is lower than /2 unless 7 = 1. This pricing of firm 0 implies

intense price competition when the ratio of type H consumers is low (A is small).
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Using this result, we obtain the profit of firm O:

T if 0<A< T or 1/2 <7,
LUP_) 8-81(1-1) l-7 (7
O )ty
gd if —— <i<1and t<1/2.
8 1-71

We obtain the profit of firm 1 is as follows:

N2 A0 2
97 +4A1 TP AR 2P T
up 16— 161(1 — 1) -7
T 8+ ) . ®)
@+ if <A<1 and T<1/2.
16 1—-71

A decrease in 4 and a decrease in 7 lower profits.

3.5 One firm chooses group pricing, and the other one chooses uniform
pricing

We consider the case where one firm (say firm 0) employs group pricing and offers py(k) to
market k and the other (say firm 1) adopts uniform pricing and offers p;. They simultaneously
offer their prices. We use the superscript “GU” to denote this case. The indifferent consumer
in market & is denoted by fo(po(k), p1) = (=po(k) + p1 + 1)/ 2ty).

We need to classify the outcome in this subgame into the following two cases: (1) a pure
strategy equilibrium exists; (2) no pure strategy equilibrium exists. The former case appears

if T satisfies the following inequality, otherwise the latter appears:

. —8+31+942 +4V4-34 _
T= 315 + 31) = Tau

(€))

In the first case (r > 7g,), firms solves max, . pory APo(H)xSY (po(H), p1) + (1 —

Dpo(L)xGY (po(L), p1) and max,, pi{A(l — x5Y(po(H), p1)) + (1 — (A — x8Y(po(L), p1))},
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Figure 3: The area in which a pure strategy NE exists in GU

from which we have

. ty(l—A+7+ A1) . ty(2— A+ A1) . tyT
pSU(H) = = L povn ) = HE T AP0 Gue M
2(1 — A+ A7) 2(1 — 1+ A1) 1 -A+ A7 (10)
cue _ A1 = A+ 7+ A7)? . th(1 = D7Q2 - A+ 1) . T
= T = —————.
0 8(1 — A + A7)? 81-A+a1)>) ! 2(1 = A+ A7)

In the second case (7 < 7,,), we instead consider a mixed strategy equilibrium where,
(1) firm O employs a pure strategy and offers po(H) and py(L), and (ii) firm 1 chooses a low
price py; with probability 8 and a high price p;;, with probability 1 — 8.

We focus on a mixed strategy NE such that xY(po(L), p1) € (0, 1), x$Y(po(L), p1s) > 1,
xSV (po(H), p11) € (0,1), x5Y(po(H), p1p) € (0,1), and B € (0,1). In this mixed strategy
equilibrium, the resulting outcome in market L is the corner solution where firm 0 obtains all
type L consumers if the rival offers the high price. We can obtain a mixed strategy NE with

po(H), py(L), pY;, pY,, and BCY € (0,1) that satisfies (the detail is available in (A.2) in the
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Appendix):

The expected profit of firm 1 when it offers pf;

= The expected profit of firm 1 when it offers pi} = 7r1GU "

Although we can explicitly derive the value of 8 which is complex, we numerically show
this value in Figure 4. The region where 8°Y(1,7) € (0, 1) coincides with that of the pure

strategy equilibrium is not sustainable.

0.8 =1/10

ﬁGU

0.4 0.6 0. 1.0 0.00 0.05 0.10 0.15 0.20 0.25 0.30

B (x = 1/10) B (A=1/2)

0.0

Figure 4: Mixed strategy in which one firm chooses group pricing and the other chooses
uniform pricing

The relationship between SV and A is always negative (see S°Y (1) in Figure 4). We can
apply the intuition in the case of UU here. Given the group pricing by firm 0, firm 1 deviates
by raising its price because supplying only to type H consumers is profitable. To eliminate
this deviation incentive, po(H) should be lower and firm 1 needs to induce firm O to set such
a low po(H) by offering a low price with probability S°Y. However, as A increases, firm 1’s
incentive to offer a high price becomes stronger because the gain from type H consumers
increases. The increased gain induces firm 1 to offer a high price with higher probabilities
(a decrease of B°Y). Because no pure strategy exists for any high values of A if 7 < 7,,, the

negative relationship remains.



‘We can summarize the discussion as follows:

tw(l+7-(1-1)1) .
if v > 1,
p(C);U(H) _ 2(1 = A1 — 1)
po(H)in (A.2) if v <71,
tg2-(1-1)A
{C T ek 7 if 72> 7y,
p()GU(L) — 2(1 - /1(1 - T))
poL)in (A2)  if T <71y,
tyt .

— fr 270,
T—A(l-1) hreTs

pi" = 1 | pin(A.2) with probability U,

i 7 < 7y,
Py, in (A.2) with probability 1 — BeY,
thA(1 = A+ 7+ A1) N (tg(1 = D12 = A+ A7)?
ou 8(1— A+ A1)? 8(1 —A+ A1)?
SO aiUm = p(H)AB"xu(p) (H), pi) + (1 = B xu(pj (H), p}))
+py (L)1 = D(B"x(pg (L), piy) + (1 = B™)),
T .

—— ift>71,

B B YT
AU in (A2), if T < Tg.

16

(1)

(12)

(13)

if 7> 7y,

(14)

if 7 < 7y,

(15)

We find that when 7 < 7,,, a decrease in 7 increases firm 1’s expected uniform price,

mitigating price competition. A decrease in 7 has direct and strategic effects on profits. First,

a decrease in 7 directly intensifies competition in market L, which harms firm 1. Second,

when 7 < 7y, the lower 7, the lower the probability of setting py;, B°Y (see Figure 4),

because the market for type L consumers becomes less profitable. The change of 5V induces

firm O to offer a higher price in market H because of the strategic complementarity of both

firms’ prices, which benefits firm 1. The relative significance of the two contrasting effects

depends on the pricing scheme of firm 0. When firm 0 adopts group pricing, firm O can offer

discriminatory prices in the two markets, implying that firm O can keep its price in market H

high for any 7 (see pj(H) in (A.2)). Such a high price of firm 0 in market H allows firm 1 to

concentrate on market H to obtain a positive profit even if 7 is sufficiently small (see %Y in
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Figure 4). Therefore, for firm 1’s profit, the strategic effect dominates the direct effect.
However, when 7 is sufficiently small, the mitigation of price competition becomes weak.
Firm 0 is less likely to compete with firm 1 in market L because of a low S°Y, weakening
the strategic complement effect on pg'(L). In fact, pif(L) increases in 7 if 7 is sufficiently
small; otherwise, p('(L) decreases in 7. Therefore, when 7 is smaller than 7 defined in Figure
5, a reduction in 7 reduces pj(L) and such a price reduction consequently causes a profit
reduction for firm 0, which captures the entire demand in market L with probability 1 —8¢Y.

We summarize the above finding in the following proposition:

Proposition 2 Suppose that one firm (firm 0) employs group pricing and the other one (firm
1) employs uniform pricing. When T < 7 < 1y, a decrease in 7 increases the expected profit

of firm 0. When t < 74, a decrease in T increases the expected profit of firm 1.

T

1.0

0.8

0.61 Tgu
0.4} —T
0.2

0.0 0.2 0.4 0.6 0.8 1.0

Figure 5: The area in which a decrease in 7 increases profits

3.6 One firm chooses group pricing, and the other chooses personalized
pricing

We consider firm 0 employs group pricing and firm 1 employs personalized pricing. In

the second stage, firms O and 1 become the leader and the follower, respectively. We use
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the superscript “GP” to denote this case. Given firm O’s price py(k), firm 1 offers p;

po(k) + 2x — 1)t;. The indifferent consumer in each market is denoted by x,fp (po(k))

(1 — po(k))/(2t). Firm 0 then solves max ) x¢*(po(k))po(k), from which we have

(L= DT+ ) gp_ 9tu((1 = DT+ A)
8 = 16 '

f
PSPk = 5" o (16)

Each market outcome is the same as in Thisse and Vives (1988) except for the market size.

As in the previous arguments, a decrease in A and a decrease in 7 lower profits.

4 Equilibrium pricing scheme

First, we derive the equilibrium pricing schemes in the first stage and show that both firms
employ personalized pricing in equilibrium. Second, we discuss how pricing schemes influ-

ence profits and welfare.

4.1 Decisions on pricing schemes

The discussions in the previous subsections provide the payoff matrix in the first-stage game.

Firm O/Firm 1 uniform personalized group

uniform 7Y% in (4) 7VF in (8) n5Y in (14)
72UV in (4) Y% in (7) 2%V in (15)

personalized myP in (7) 7P in (5) n§* in (16)
7" in (8) PP in (5) 7" in (16)

group 7Y in (15) 79" in (16) 7% in (6)
79U in (14) 79 in (16) 75 in (6)

personalized pricing in equilibrium.

We solve for the firms’ equilibrium pricing schemes. We find that both firms employ
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Proposition 3 Both firms employ personalized pricing as a unique equilibrium outcome.

The resulting outcome is expected given the outcome in Thisse and Vives (1988). If we
pick up only personalized and group pricing, personalized pricing is the dominant strategy.
Similarly, if we pick up only personalized and uniform pricing, personalized pricing is still
the dominant strategy. Therefore, we find that personalized pricing is attainable in equilib-
rium. The result implies that the firms can be better off if they have coarser information

about consumers, aligning with the finding in Laussel, Long, and Resende (2020).2

4.2 The effects of pricing schemes on profits and welfare

We numerically compare 7VY in (4), 77 in (5), and 79C in (6), due to the mathematical

complexity.

Proposition 4 7VY < 7P < 79C if and only if the parameter pair (A, 7) is in the gray area

in Figure 6; otherwise, n"f < nVY < 79C. The border curve of the gray area consists of the

pair (A, 1) that satisfies nt* = 7VY.

TUIJ

— 2132222142422

04l 1 2A(1-4)

0.0 0.2 0.4 0.6 0.8 1.0

Horizontal axis: A; Vertical axis: 7.

Figure 6: The condition that 7YY < 7**

When the mismatch costs of the two consumer groups are sufficiently heterogeneous,
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personalized pricing is better than uniform pricing. This contrasts with the standard result in
the context of personalized pricing.

The intuition behind Proposition 4 is explained as follows. Because type L consumers
incur a lower transportation cost compared with type H consumers, the former is more price-
sensitive. When both firms adopt uniform pricing, they must offer sufficiently low prices to
capture the price-elastic consumers, detrimental to the profit obtained from type H con-
sumers. In contrast, adopting personalized pricing enables firms to delink the markets for
the two types of consumers by offering customized prices to each individual. The competi-
tion mode becomes similar to an asymmetric Bertrand competition for each consumer. Then,
personalized pricing brings each firm the following trade-offs: on the one hand, it intensifies
the competition for type L consumers (a negative effect); on the other hand, each firm can set
higher prices for some of type H consumers who located closer to it compared with the rival
(a positive effect). The positive effect dominates when the heterogeneity between the two
types is sufficiently large. In sum, under personalized pricing, there is a market segmenta-
tion with the outcome that both firms exploit less surplus from type L consumers but exploit
more from some type H consumers who show strong brand preferences towards a particular
firm (located geographically closer to one firm).

We discuss how the demand condition is important to evaluate the profitability of per-
sonalized pricing, comparing our result with Esteves (2022), who derives a reversal result in
which personalized pricing is more profitable than uniform pricing, which is a reversal result
to Thisse and Vives (1988). Esteves (2022) introduces two types of consumers in a Hotelling
model: those who demand only one unit (type L consumers) and those who demand g(> 1)
units of the product (type H consumers). As ¢ increases, type H consumers become more
price elastic and more profitable for firms. The reversal result occurs only if the ratio of type
H consumers is smaller than 50% and ¢ is larger than 5. As g increases, the possibility of

achieving the reversal result increases (the feasible ratio of type H becomes wider), with 20%
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of type H consumers being highly desirable to achieve the reversal result.’ The relationship
between ¢ (higher price elasticity) and the higher possibility of achieving the reversal result
aligns with ours (see Figure 6). However, the preferable ratio of type H to achieve the rever-
sal result (around 20%) differs from ours (around 50%) (see Figure 6) because of the double
meaning of ¢ in Esteves (2022): high price elasticity and high demand. The latter meaning
distorts the ratio in Esteves (2022).

We investigate consumer welfare and numerically show that the flip side of Proposition

4 holds.

Proposition 5 The consumer surplus in UU is the highest, and that in GG is the lowest if
and only if the parameter pair (A, T) is in the gray area in Figure 6, otherwise, the consumer
surplus in PP is the highest and that in GG is the lowest. The border curve of the gray area

consists of the pair (A, 1) that satisfies n'* = 7UY,

Because of the inelastic demand in the Hotelling model, the welfare ranking between the
pricing schemes is opposite to the profit ranking.

Case GG is always the worst for consumer welfare among the three cases, UU, PP, and
GG. Although UU can be the best for consumer welfare when the group heterogeneity is
high, it is not easy to intervene in personalized pricing because such an intervention could
facilitate group pricing, which is acceptable in practice, leading to the worst case.

Finally, we mention the total surplus in each case. In GG and PP, there is a unique pure
strategy equilibria in which the firms equally split the market demand, achieving the first-
best allocation. However, in UU, there is a mix strategy equilibrium if 7 < 7, because the
ex-post outcome can be inefficient because of the ex-post asymmetric prices. Otherwise, a

pure strategy equilibrium in UU is also the first-best.

Proposition 6 PP and GG achieve the first-best allocation regardless of . If T > 1y,

UU also achieves the first-best allocation; otherwise, the ex-post outcome in UU can be
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inefficient.

4.3 Additional pricing schemes

We discuss a case in which each firm has more pricing schemes than in the model we have
considered. We add the following two pricing schemes: (i) uniform pricing for type H and
personalized pricing for type L; (ii) uniform pricing for type L and personalized pricing for

type H. The additions expand the payoft matrix from 3 x 3 to 5 x 5.

Firm 0/Firm 1 uni personal group uni H uni L
personal L | personal H
uni v v v (x%) Firm O | (*%) Firm O
changes changes
personal v Equilibrium v (x) Firm 1 | () Firm 1
pair changes changes
group v v v (*)Firm 1 | () Firm 1
changes changes
uni H (%) Firm 1 | (%) Firm O (%) Firm O | (%) Firm i (%) Firm i
personal L changes changes changes changes changes
uni L (x%) Firm 1 | (%) Firm O (%) Firm O | (%) Firm i () Firm i
personal H | changes changes changes changes changes

We can show that the additional 16 pricing pairs are not achievable in equilibrium. First,
without detailed calculations, we can show that the pairs of the pricing schemes with (x)
in the cells are not sustainable as an equilibrium. For those pricing pairs, the markets for
the two types of consumers are delinked because the firms can offer different prices for the
two types of consumers. The market segmentation implies that we can apply the result in
Thisse and Vives (1998) in each market segment. Concretely, at least one of the firms has an
incentive to change its pricing scheme to (complete) personalized pricing. Second, we can
also show that the pairs of the pricing schemes with (xx*) in the cells are not sustainable as an
equilibrium because the firm that employs uniform pricing deviates to personalized pricing

(the detail is available in the Online Appendix).
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5 Conclusion

We examine firms’ incentives to adopt one of the three pricing schemes: uniform, person-
alized, or group pricing in a Hotelling duopoly model. There are two types of consumer
groups that are heterogeneous in their mismatch costs.

We show that regardless of the heterogeneity of consumer groups, both firms employ
personalized pricing in equilibrium. Moreover, the profits when both firms employ person-
alized pricing are higher than those when they use uniform pricing if the heterogeneity of
consumer groups is significant. The result is aligned with that of Esteves (2022). However,
profits are always the highest among the three cases when the firms employ group pricing.

Additionally, if we focus on the three cases where both firms employ (i) uniform pricing
(UU), (i1) personalized pricing (PP), and (ii1) group pricing (GG), the consumer surplus in
UU is the highest and that in GG is the lowest among the three cases if the heterogeneity of
consumer groups is significantly high; otherwise, the consumer surplus in PP is the highest
and that in GG is the lowest among the three cases. Therefore, group pricing is always the
most harmful from the consumer welfare perspective. Furthermore, this result implies that
it is not easy to intervene in personalized pricing because this could facilitate group pricing,
leading to the worst case.

We can incorporate consumers’ privacy concerns into our model by using the demand
structure in Montes et al. (2019), where there are old and new consumers in a Hotelling
duopoly model. In their model, a monopolistic data broker has the locational information of
old consumers and can sell it to at least one of the firms. They consider each old consumer’s
incentive to delete the locational information from the database. As there are two dimensions
of consumer characteristics in our model, location x and type #;, each consumer has four op-
tions to manage the information characteristics. The richness of the consumer characteristics

may lead to interesting results. Considering the extension can be future research.
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Also, we can also consider firms’ optimal degree of data collection. In our paper, we
have assumed that firms have finer consumer information to implement personalized pricing.
As in Laussel, Long, and Resende (2020), having coarser consumer information can be

profitable for firms. Considering data collection in our model can be future research.
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Notes

' OECD (2018) “Personalised pricing in the digital era,” 28 November 2018
https://one.oecd.org/document/DAF/COMP(2018)13/en/pdf (Last access: 13 March 2022).

2 Bloomberg (2017) “Uber starts charging what it thinks you’re willing to pay,” 19 May 2017

https://www.bloombergquint.com/markets/uber-s-future-may-rely-on-predicting-how-much-you-re-willing-to-pay (Last access: 13 March
2022).

3 Chen et al. (2020) examine a model wherein consumers’ identity management allows them to choose the
uniform prices set only for new customers by firms. The model shows that personalized pricing can allow firms
to fully extract the surpluses of targeted consumers.

4 Lu and Matsushima (2023) discuss the effect of personalized pricing on profits and welfare in a Hotelling
model in which consumers can simultaneously purchase from both firms (so-called multi-homing). They show
the possibility that personalized pricing improves consumer welfare as well as firms’ profits. However, they do
not consider heterogeneity in terms of mismatch costs.

> The Perloff and Salop (1985) model is also used in the context of mixed bundling (see Zhou, 2021).

® Wu (2021) mentions anecdotal evidence about price discrimination based on mobile phone types.

https://kr-asia.com/researchers-took-over-800-trips-using-chinese-ride-hailing-apps-heres-what-they-found

7 A survey conducted by Slickdeals, a US crowdsourced shopping platform, found that iPhone owners tend
to have higher incomes and spend more compared to Android users.

https://www.marketingdive.com/news/survey-iphone-owners-spend-more-have-higher-incomes-than-android-users/54 1008/

8 By incorporating consumers’ identity management, Laussel, Long, and Resende (2022) further extend
Laussel, Long, and Resende (2020).

9This ratio, 20%, aligns with the Pareto Principle in marketing (Twedt, 1964).
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Appendix

The mixed strategy in Section 3.1 We can numerically obtain a symmetric mixed strategy

equilibrium: '’
vom _ Qar+ V(1 - D1 + A1) + (@Y1 - DIyt
Pu— = 2t(1 = A1 = 1) + @VU(1 — aVV)(1 — A)(1 — 2 —227)’
vom _ AL +T=21 =) +a%Y(1 - D1 - 22 - 1) = (@YD* (1 - D)ty
i 22t(1 = A(1 = 1) + @VU(1 — aVV)(1 — A)(1 — A —227) ’

Y= gV € (0, 1) that satisfy the following two equations:

UUm = pOlUm[/l{,BUUxH(pUUm’ngm) +(1 —ﬁUU)XH(pUUm,piJhUm)}

+(1 - /l){,BUUXL(Puum’ p”Um) +(1-"HY (A.1)
= pon LB xu gy p3™™) + (1 = B )xu(pgy ™. piy ™)}
(1= (1 =B)xe(pg™, piP™] and

UUm = pllUm[/l{aUU(l _ xH(pUUm’p?lUm)) + (1 _ Q’UU)(l _ xH(pUUm’p?lUm))}
+(1 = DY (1 = x(pg ™, piP™) + (1 = @)}

= pHUIAQ Y (1 = x (™, pHI™) + (1 = V)1 = (P, pHY)
(1= (1 =@ V)1 = 2Py, P

Given the complexity of the last two simultaneous equations, we cannot explicitly derive the

values of @YY and BYY but numerically show those values in Figure 2.



27

The mixed strategy in Section 3.5 We can obtain a mixed strategy NE:!!

t4(9(1 = 1) + 4(1 + 207 = BU(1 = D)3 = 27))
33 = (3 — 41)1 + f5U(1 = 2)) ’
(12 + B — (B)? — 12+ SF7A+ (B2 + 124 — 66V r)
33— (3 — 401+ B9U(1 = 2)
156+ 55V + (BOU)? — 64 + TN — (B A
P 33 — (3 — 404 + B5U(1 — ) ’
o 159 =94+ 27 + VT + 1047 — BCYAT)
Pin 33-(G 401+ 801 —2)

po(H) =

po(L) =

(A.2)

BCY € (0, 1) that satisfies the following equation:
avm = Aph (1 = xy(py(H), )
= pilAl = xu(pg(H), pT)) + (1 = (A = x.(pg' (L), pT)]-

Although we can explicitly derive the value of 8 which is complex, we numerically show

this value in Figure 4.
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A Online Appendix

A.1 Both firms choose uniform pricing (UU)

We first show condition under which no firm unilaterally deviates from (pUY, pUY). By
symmetry, assume that firm O deviates. Since firm O must obtain positive share, we exclude
the case with x5z = x; = 0. i.e., pg > pYY + 5. In addition, for any py < pYY — ty, we have
xg = x, = 1, which means that demand for firm 0 is constant. Then, for p, € [0, pYY — t4],
firm 0’s profit is maximized at py = pYY — 5. Hence, it suffices to consider two types of
deviation: (i) pYY —ty < po < pYY — 11y and (ii) pYY + 1ty < po < pYY + 1.

First, we consider case (i) in which x; = 1. Given p; = pYY, mo(po, p¥Y) = Apoxy + (1 —

A)po. The first-order condition yields the deviation price (with superscript UD1).

vpi _ 221 =1) =321 - 1) + 2]
o 21[1 = A1 = 1)] ‘

UD1

The necessary condition for this deviation is pJ”' < pv

U — t;, which is always violated

because

por _ _tn[207 4 3(1 = DT+ Q= (1 = D) _

Uuvu _ _ —
(P =1) = Po 2A[1 = A(1 - 1)] 0.

Hence, firm 0 does not deviate in case (i).
Next, we consider case (ii) in which x; = 0. With p; = pYY, mo(po, pYY) = Apoxy. The

first-order condition yields the deviation price (with superscript UD?2).

0 2-211-1) °

The deviation profit is
vpy Al +7-A1 -7
T =
0 8[1 - (1 - 1)
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Comparing 7YY with 7J?? yields

vu __wpn _ (1= DI = 1) = A1 + 27 = 37%) + 47]
T _7T0 = ’

8[1 —A(1 —7)]?

which is strictly positive if

2VT—1-(2-1-2%)
A3+ )

YV <r<l.

Notice that under this condition, p”Y + 1, — pYP? < 0 always holds. Hence, (pVY, p¥Y) is a
pure strategy NE if 7 > 7V,
For 0 < 7 < 7YY, we derive the mixed NE as described in Equation (A.1). We solve four

simultaneous equations derived from the following maximization system:

Y%X ﬂé’f] = pod(Bxu(poi, pu) + (1 = B)xu(por, i) + po(l — D(Bxr(por, p1) + (1 = B)),

max 75l = ponABxu(pons p1) + (1 = B)xu(pons p11)) + pon(1 — V(1 = B)x(Pows P11)s

n}flllx ﬂiJIU = pud(a(l = xy(po, p1) + (1 — &)1 = xy(por, p11)
+pu(l = (a1 = x (por, p11) + (1 — @),

lei?(ﬂ%/hu = pipd(a(l = xg(por, p11) + (1 — &)1 = xu5(pon, P1r)))

+pun(1 = (1 = a)(1 = x.(pon, P11))-

Next, we let 75V = n{¥ and @ = B, and solve for @ and 8. The numerical outcome is in

Figure 2.
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A.2  One firm chooses uniform pricing and the other one chooses per-
sonalized pricing (U P)

We first consider the case with 0 < py < 7#4. The first-order condition yields

pUt = _mr 7UPl = IHT UPL = 97 + 4A(1 - 1) — 42%(1 - 7)%]
o 2-220-07 Y T 8-8ad -t Y 16 — 164(1 — 7) ’

where the superscript UPI denotes the case of p(l)”’ "€ [0, 7ty], which can be reduced to

0<A<1/2-21)=A""orr>1/2.

Next, we consider the case with 7ty < pg < tg. The first-order condition yields:

ven _ o _upn _ A ypy _ @+ )
G

where the superscript U Ph denotes the case of py € [1ty, ty]. Here, we derive the condition

such that 75 < pJ*" < 1y, from which we have T < 1/2.

From the above, we have two equilibrium candidates, pJ* and pJ/*",if 0 < 1 < AY"' and

0 < 7 < 1/2, whereas there is a unique candidate, pJ”", otherwise. Comparing 75" with

UPh

my " yields

UPI ven _ {1l = DT = A0 - 71)] T _ yp
- = 0= A< ——=2"".
oo T §—8u1-1) S1-7

Since AY"" > AP for 0 < 7 < 1/2, the optimal py is

tHT . T
T if 0<a<

or_ ) 2-20(1-1) -7

ty . T

n £

2 R

or 1/2 <7,

<A<1and O0<7<1/2.
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Using this result, we obtain the profit of firm 0.

tyt . T
T i 0<as

o _ ) 8-8a1-1 -7

0 l‘H/l i T

—_— 1

8 -7

or 1/2 <1,

<A<1land O<1<1/2

A.3 One firm chooses group pricing and the other one chooses uniform
pricing (GU)

Due to symmetry, let firm O choose group pricing and offer po(H) to market H and py(L) to
market L. Let firm 1 choose uniform pricing and offer p;. The indifferent consumer in each

market is given by xSV (po(k), p1) = (tx — po(k) + p1)/(2t). Then, firm 0 and firm 1 solve

Max ). pocry Po(H)AXGY (po(H), p1) + po(L)(1 = DxSY(po(L), p1),

max,, pi{All = x5 (po(H), py)l + (1 = D1 = x7Y(po(L), p1)]},

which yields the equilibrium prices p§V*(H), p§U*(L), p§¥* as in Eq. (10). Since firm 0s

profit function with respect to po(H) and py(L) is globally concave, it has no incentive to de-

viate. However, given pOGU *(H) and pOGU*(L), firm 1’s profit function is not globally concave,

and may therefore unilaterally deviate from p{V*. It can be confirmed that % <0,

given p§V*(H), p§U*(L) and any p, € (0,1), x5 > 0. Moreover, firm 1 will never offer a

price such that both x5 = 1 and x; = 1, because its profit would become zero. Therefore,

given pyV*(H), p§U*(L) firm 1’s profit function is

7Y (g (L), pg U (H), p1)

GU . tyT(4-324317) tg(3-3A+7+317)
p1dll — x;5" (p1)] if e <P S Siam

= ¢ oAl =XVl + (= DI = xZV(p)]) it TS < py < BT,

pi{All = xG¥ (p)] + (1 = ) if 0<p<#TS.
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The second case induces the equilibrium price p%Y, so we discuss whether firm 1 deviates to

tyT(4-314317)
2(1—=A+A7)

tg(3=31+7+311)
2(1—A+A171)

tgA(1-1)T

remaining two cases: (i) TIETTSEE

<pi < ;and (i) 0 < p; <

First, we consider case (i) in which x; = 1. Solving the first-order condition for p; yields

the deviation price and profit (with superscript GU1):

con WB=31+7+31) 5y twdB-31+71+327)°
= i =
! 401 -2+ ar) 1 32(1 = A + A1)?

GU1

Since always satisfies case (i), we compare 76!
1

GUl with 76V, from which we have

GUs . _GUI 44 -31-(8-31-94%
1

>t >m 316 + 30 V<1 <1,

Next, we consider case (ii) in which x; = 0. Solving the first-order condition for p;

yields the deviation price (with superscript GU2)

our _ tul(d =50+ A2 + 507 — 227)]
b= 41 =+ ) '

It can be confirmed that p¢¥? always violates case (ii). To summarize, (p§V*(L), p§V*(H), p§¥")

is a pure strategy NE if 7 > 7V,
For 0 < 7 < 7Y, we derive the mixed NE as described in Equation (A.2). We solve four

simultaneous equations derived from the following maximization system:

max . ay,poz) Po(H)ABxy(po(H), p11) + (1 = B)xu(po(H), p1n))
+po(L)(1 = D)(Bxr(po(L), p1) + (1 = B));
max,,, 757 = p(A(1 = xp(po(H), p1)) + (1 = (1 = x1.(po(L), p11));

max,,, 757 = pi(A(1 = xp(po(H), p1n))).

Next, we let ﬂlGlU = 7T1GhU and solve for . The numerical outcome is Figure 4.



A6

A.4 Equilibrium pricing schemes

We first show that GG, GP (PG), UP (PU), GU(GU) and UU cannot be an NE.
GG 1s not an NE: Given firm O choosing group pricing, firm 1’s profit change from

choosing group pricing to choosing personalized pricing is

GP _ GG _ ty(t+ (1 —1)4) S

T 6 0.

GP (PG) is not an NE: Due to symmetry, we only consider GP. Given firm 1 choos-
ing personalized pricing, firm 0’s profit change from choosing group pricing to choosing
personalized pricing is

Ty g 0.

UP (PU) is not an NE: Due to symmetry, we only consider UP. From the results in UP
(see Proof A.2), we have (i) UPl when 0 < A < /(1 —7)ort > 1/2, and (ii) UPh when
7/(1 -=7) <A< 1and 0 < 7 < 1/2. In case (1), given firm 1 choosing personalized pricing,

firm O’s profit change from choosing uniform pricing to choosing personalized pricing is

op up 240 = DT + (1= 2027 + 241 - )]
T - 7T0 = ’

8(1 -1+ A1)

which is always positive for any 7 € (0,1) and A € (0, 1). In case (ii), given firm 1 choos-
ing personalized pricing, firm O’s profit change from choosing uniform pricing to choosing

personalized pricing is

tg(A+2(1 -4
PP _ gUPh _ (A +2( )T)>

O 0 8 0-

UU is not an NE: when v > 71,,, we have pure strategy NE. We want to confirm
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that whether firm 1 would unilaterally deviate from choosing uniform pricing to choos-
ing personalized pricing. From the results in UP (see Proof A.2), we have (i) UP! when
O<A<t/(I-71)orTt>1/2,and (ii)) UPhwhent/(1 - 1) <A< land0 <7< 1/2. In
case (1), given firm 0 choosing uniform pricing, firm 1’s profit change from choosing uniform

pricing to choosing personalized pricing is

vrl ou  tal4A(1 = D7+ (1 — 82+ 847 + 4A(1 - A)]
Vg -7 =
! 16(1 = A + A7)

b

which is always positive for any 7 € (0, 1) and 4 € (0, 1). In case (ii), given firm O choosing
uniform pricing, firm 1’s profit change from choosing uniform pricing to choosing personal-
ized pricing is

UPh _ LUU _ tyl(8 =71 =A%) — (8 = 81— AH)1] 3

0
i 16(1 — 1+ A7) :

which is always positive for any 7 € (0, 1) and 4 € (0, 1).

When 7 < 1,,, we have mixed strategy NE. Due to mathematical complexity involved,
we can numerically show that each firm always has an incentive to deviate to choosing per-
sonalized pricing.

GU is not an NE: When 7 > 7,,, we have pure strategy NE. We want to confirm that
whether firm 0 would unilaterally deviate from choosing group pricing to choosing personal-
ized pricing. From the results in PU (see Proof A.2), we have (i) PUl when 0 < A < 7/(1-7)
ort > 1/2, and (ii)) PUh when 7/(1 —7) < A < 1and 0 < 7 < 1/2. In case (i), given firm
1 choosing uniform pricing, firm 0’s profit change from choosing group pricing to choosing

personalized pricing is

PUL_ 7 GU _ t1[24(1 = )7 + (1 = 207 + 2A(1 = )]
o 70 16(1 — A+ A1)

b
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which is always positive for any 7 € (0, 1) and A € (0, 1). In case (i1), given firm 1 choosing
uniform pricing, firm 0’s profit change from choosing group pricing to choosing personalized
pricing is

run_ oy _ ta[=2A(1 = T = (8~ 124+ 37 + (8 94+ )]
0 0 16(1 — A + A7) :

which is always positive for any 7 € (0, 1) and 4 € (0, 1).

When 7 < 7,4, we have mixed strategy NE. Due to mathematical complexity involved,
we can numerically show that each firm always has an incentive to deviate to choosing per-
sonalized pricing.

PP is an NE: We show that given firm 1 choosing personalized pricing, firm 0 does not
deviate to choosing uniform pricing or to choosing group pricing. From the results in UP
(see Proof A.2), we have (i) UPl when 0 < A < 7v/(1 —71)ort > 1/2, and (i) UPh when
/(1 —1) < A< 1land 0 < 7 < 1/2. In case (i), firm O’s profit change from choosing
personalized pricing to choosing uniform pricing is

n{{” _ PP t(=24(1 = )72 - (18— 2% = 2A(1 = Q) <o.

In case (ii), firm O’s profit change from choosing personalized pricing to choosing uniform

pricing is

AP g A+ 28(1 -~

Moreover, firm 0’s profit change from choosing personalized pricing to choosing group pric-
ing is
ven __pp_ @+ ({1 -D7 -

- = 0.
Ty n 2
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A.5 Proof for Subsection 4.3

Without a loss of generality, we consider the following two cases: (i) firm 0 chooses uniform
pricing, whereas firm 1 chooses uniform pricing for type H and personalized pricing for type
L (hUIP); (ii) firm O chooses uniform pricing, whereas firm 1 chooses uniform pricing for
type L and personalized pricing for type H (hPIU).

(i) hUIP: Suppose xy(po, p1(H)) € (0,1) and x.(po, p1(x,L)) € (0,1). That is, p;(H) —
ty < po < tyt. Firm 1’s personalized prices offered to type L consumers are given by

p1(x, L)) = po + (2x — 1)ty7. Then, firms solve the following maximization system:

max,, 7o = (xgd + x.(1 = )po,

1
max,, ) M = (1 = xg)Api(H) + (1 - /l)f (po + 2x = Dty7)dx,
s.t., pi(H) —ty < po < tyT,

from which we have the equilibrium prices:

S0 4-424+320°0 4 -4a+3a0

and the corresponding equilibrium profits 7Y/

VP 7P To derive the existence condition, it

suffices to ensure that firm O does not deviate given pfl’U’P (H). First, firm O never deviates by
letting x; > 1, because its profit increases in p for p, < p}l’wp (H)—ty, and py = p}l’U P(H)—ty
is dominated by p’SU’P . Then, firm 0 can only deviate by letting x; < 0 through offering a

deviation price BZ such that

pl= maxzj = xu(po, Pl (H), pi(x, L)po,

Po

s.L. Bg € [tyT, piV"F(H) + ty).
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from which we have

o = ty(6 — 61 + T + 517) L tyA(6 — 61+ T + 511)%
=0 2(4—42+3a1) 7O 8(4 — 44 + 347)?

Such a deviation does not happen if 74 < 7i""*, or pg does not fall into the interval [¢47T, p}l’UlP (H)+

ty), from which we have the condition

s 2(=4 = A+ 1422) + 2 V16 + 82 + 2422 + 263 + 724
T = ‘
B 315+ 72)

T>

Now, suppose xu(po, p1(H), p1(x, L)) € (0,1) and x.(po, p1(H), p1(x, L)) < 0. That is,
tgT < po < p1(H) + ty. Firm 1’s personalized prices offered to type L consumers are given

by pi(x, L)) = po + (2x — 1)ty7. Then, firms solve the following maximization system:

max,, 7o = XgApo,
1
max, g T = (1 - XH)/lpl(H) + (1 - ﬂ)f (p() + (2X - l)fHT)dx,
0

s.t., tyT < po < p1(H) + ty,

from which we have the equilibrium prices:

o’ =Py (H) = tu,

and the corresponding equilibrium profits 7AV!F = 4 7hUIP = G- T derive the existence

2N 2

condition, it suffices to ensure that firm 0 does not deviate given 13’]7””’ (H). First, firm O never

deviates by letting x; > 1, because its profit increases in py for py < ﬁ}l’UlP (H) — ty, and

po = p!Y'"P(H) -ty is dominated by pj”"". Then, firm O can only deviate by letting x; € (0, 1)
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through offering a deviation price ﬁg such that

po = max 7 = (Axu(po, "' (H), pi(x, L)) + (1 = D)xp(po, p1(H), pi(x, L)) po,

s.t. pg € (ﬁ?UlP(H) — 1y, tHT).

from which we have
_d _ tH(l + /l)T 7_rd _ ZH(I + /1)27'
Po= 0 —a+10 T80 -A+ 0

Such a deviation does not happen if 74 < 7U'", or p4 does not fall in the interval (p!V""(H) -

ty, tyT), from which we have the condition

o
&

—hUIP
T<T

1+31

To summarize, we have

ﬂ.hUlP lf > IhUlP;
hUIP _

—hUIP . —hUIP
Ty ift<T T,

where TV < 7"V for any A € (0, 1).

Now, let us consider the case in which firm 0 deviates by choosing personalized pricing

for both groups. Then,

_tmrpE 1
. 2y P2
Firm 1 solves the following maximization problem:

1
t
PUPH) = max 7y = A1 — xp)pi(H)+ (1= ) | (Qx— Diyr)dx = =,
PI(H) 1/2 2

from which we have V" = W.
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Since ALVP > 7tUP for firm O uniform pricing is dominated by personalized pricing.

(i1) hP1U: Suppose xu(po, pi(x, H)) € (0,1) and x.(po, p1(L)) € (0, 1). Thatis, p;(L)—tyT <
po < min{p,(L)+1ty7, ty}. Firm 1’s personalized prices offered to type L consumers are given

by pi(x, H)) = po + (2x — 1)ty. Then, firms solve the following maximization system:
max,, o = ()CH/l + )CL(l - ﬂ))po,
1
max,, ) T = +/1f (po + (2x — Dtg)dx + (1 = x)(1 — Hpi(L),
XH
s.t., pi(L) — tyT < po <min{py(L) + ty7, 1y},
from which we have the equilibrium prices:

3tgT — 2tyAT + 2lH/lT2
3-31+4ar

Po 3_31+410

p"(L) =

and the corresponding equilibrium profits 7"V, 71"V With the equilibrium prices, p"*'Y(L)+
tyt < )y if v < (>)1/2.

First, let 7 < 1/2 such that xg(pg, p1(x, H)) € (0,1) and x.(po, p1(L)) € (0,1) for
PIPU(L) - tyt < py < piP'Y(L) + ty7. To derive the existence condition, it suffices to ensure
that firm 0 does not deviate given p"*'Y(L). Firm 0 never deviates by letting x; > 1, because
its profit increases in p, for py < p"'Y(L) — ty7, and py = p""V(L) - ty7 is dominated by

piFIU_ Then, firm 0 can only deviate by letting x;, < 0 through offering a deviation price pd

such that

Py = maxzg = Axu(po, i (L), pr(x, H)po, s.t. po € [P{"™ (L) + tu th),
0

from which we have
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Such a deviation does not happen if 74 < 7"V, or p¢ does not fall into the interval [p"*"Y(L)+

tyT, ty), from which we have the condition

oo —9+ 64+ 5% + V81 — 1082 + 2742 + 643 — 224
B 613 + 1) '

T>T

hPIU hPIU

Fort < 1 ol

we have a mixed-strategy NE in which firm O chooses a low price p
with a probability y such that x; € (0, 1) and a high price p{+'¥ such that x; < 0. Then, firms

solve the following maximization system:

max,, 7o, = po(Axu(por) + (1 — Dxr(pos, p1(L))),

max,,, Mo = AporXu(Pon)s

1
maxp, ) =Y [ﬂf (por + 2x = Dtgdx + (1 —y)(1 = (1 = x.(pos, p1(L))) p1(L)
xu(por)

1
+H(1-v) [/lf (pon + (2x = Dtg)dx + (1 =y)(1 = Ypi(L) |,

H(Pon)

from which we have

WPIU th2+7y=21+yDt

o Y3 =31+4ar)
Iy
po = o
SPIU(L) = tgT(4 —y =44+ 2yA + 447 — 2yA7)
! ¥(3 — 31 + 411)) ’
(P = tH2 +y =21+ yA)*t(1 — A+ A7)
ol 2y%(3 =31+ 447) ’
tyd
won(Pgy, ) = %
The probability "V solves m(pir'V) = mou(pit’V). Substituting "7V, we have
hPIUM hPIU w1y _ tHY
Ty = yro(Py; )+ (1 - ')’)770h(p0h )= ——

g
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hPIU

From 0 < y < 1, we have the existence condition for the mixed-strategy NE,

T < 7P,

Now, let T < 1/2 such that xy(po, pi(x, H)) € (0,1) and x;(po, p?*'Y(L)) € (0, 1) for

p’l’P WW(L) — tyT < po < ty. To derive the existence condition, it suffices to ensure that firm 0

does not deviate given p’fP U(L). Firm 0 never deviates by letting x; > 1, because its profit

increases in py for py < p"'Y(L) - tyt, and py = p'*'Y(L) -ty is dominated by p)*'V. Then,

firm O can only deviate by letting x; < 0 through offering a deviation price p3 such that
pgd = rr})ax ﬂgd = Axy(po, p1(x, H))po, s.t. po € [ty, p}l’PlU(L) + tyT),
0

from which we have

d

Such a deviation does not happen if 7¢ hPIU d

< my ', or pg does not fall into the interval

[ty p""'V(L) + ty7), which is always true provided that T > 1/2.
Now, let us consider the case in which firm 0 deviates by choosing personalized pricing

for both groups. Then,
1 tyT + p1(L)
Xy ==, X = ————.
" 2 L 2[[-17'
Firm 1 solves the following maximization problem:

1
t
PPV =maxm = A | (2x = Dtgydx + (1= V(1 - x)pi(L) = 2=,
(L) 1/2 2

. ~hPIU _ tg(44497-917)
from which we have iy = e

~hPIU

Since 7PV > #hFU for T > TPV

and 7PV > ghFIUm for T < 7"V for firm O uniform

pricing is dominated by personalized pricing.



