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Abstract

We investigate mixed markets in which a social welfare-maximizing public firm
and a private firm engage in behavior-based price discrimination. We consider
two cases: one where the private firm is completely owned by domestic sharehold-
ers and one where it is completely owned by foreign shareholders. In the domestic
mixed duopoly, BBPD is irrelevant from the viewpoint of social welfare. This is
because poaching does not occur. In the international mixed duopoly, BBPD re-
duces the public firm’s market share but improves domestic social welfare. This is
because the outflow to foreign shareholders decreases. We also consider domestic
and international pure duopoly and find that the presence of public firms reduces
welfare loss caused by BBPD.

JEL classification: D43, H42,1.13
Keywords : Behavior-based price discrimination, Mixed oligopoly,
Foreign firms, Privatization

1 Introduction

Price discrimination is widely observed in many industries such as air travel, supermar-
ket, telecommunication, and web retailing. The price discrimination that firms offer
different prices depend on consumers’ past purchases is termed Behaviour-based price
discrimination (BBPD). Since the seminal works by Villas-Boas (1999) and Fudenberg
and Tirole (2000), numerous studies have investigated BBPD. Chen and Pearcy (2010)
discuss intertemporal dependence of brand preference. Liu and Shuai (2013, 2016)
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investigate price discrimination in a multi-dimensional model. Esteves and Reggiani
(2014) and Zhang et al. (2019) introduce elastic demand. These articles do not include
firms fully or partially owned by governments. However, in the real world, they also
engage in BBPD.

In the telecommunication industry, many state-owned enterprises (SOEs) compete
with domestic or foreign private firms. In Europe, several firms that are partially
owned by the governments provide mobile services (e.g. Orange, Telenor, and Telia).
In developing countries, there is a tendency in which multi-national firms have large
market shares in mobile phone markets with SOEs. Telkomsel, which is owned by
the Indonesian government, competes with Ooredoo, which is a company with Qatari
capital. In Pakistan, PTCL competes with China mobile. In India, BSNL competes
with Vi which is a company with some British capital. In mobile phone markets,
consumers can choose between pre-paid plans or post-paid plans. Companies often
offer rivals’ consumers special discounts when they contract post-paid plans with rivals’
consumers. In developing countries, pre-paid plans are the mainstream. However, post-
paid plans are expected to increase in the future due to the increase in communication
volume and the development of finance.

This paper provides analyses of BBPD in mixed duopoly markets. We follow the
brand preference approach based on Hotelling models (Fudenberg and Tirole, 2000).
We assume that the public firm maximizes domestic social welfare and the private firm
maximizes its profit. In a domestic (international) mixed duopoly, the public firm com-
petes with a private firm which completely owned by domestic (foreign) shareholders.
Consumers’ preferences are private information. In the first period, firms offer uni-
form prices. In the second period, firms offer different prices based on the consumers’
purchase histories. We investigate the impacts of privatization on social welfare by
comparing welfare loss caused by BBPD between mixed duopoly and pure duopoly.

We find that BBPD is irrelevant from the viewpoint of social welfare in the domestic
mixed duopoly, contrasting to the result in Fudenberg and Tirole (2000) who show that
BBPD is beneficial to consumers and detrimental to firms and social welfare. In the
domestic mixed duopoly, BBPD does not reduce domestic social welfare since poaching
does not occur in the second period. This is because the public firm makes indifferent
consumers locate at the center of the line set to minimizes the sum of disutilities of
taste mismatch. We also show that BBPD is beneficial to domestic social welfare in
the international mixed duopoly. In the international mixed duopoly, BBPD is not
detrimental to domestic social welfare. BBPD increases the private firm’s total market
share but reduces its profit. This is brought about by the public firm’s behavior of
lowering its prices to reduce the outflow to foreign shareholders. In both cases, BBPD
improves consumer surplus, like Fudenberg and Tirole (2000). We also find that the
presence of public firms reduces welfare loss caused by BBPD, although BBPD never
improves social welfare in pure duopolies, discussed in Fudenberg and Tirole (2000).

Our paper relates to two strands of literature. Firstly, our paper is related to a strand



of literature which deals with BBPD. Chen (1997), Villas-Boas (1999), Fudenberg and
Tirole (2000), and Choe and Matsushima (2021) show that BBPD is detrimental to firms
unless firms are sufficiently asymmetric since it intensifies competition. Carroni (2016),
Jing (2017), and Rhee and Thomadsen (2017) introduce asymmetric firms and show
that BBPD is beneficial to firms. Our paper introduces asymmetric objective functions
and shows that BBPD is detrimental to firms in the domestic and international mixed
duopolies.

This paper is also related to strand of literature which deals with the international
mixed duopoly. Since Fjell and Pal (1996), many studies discuss international mixed
oligopoly (e.g. Pal and White (1998), Matsumura (2003), and Matsumura et al. (2009)).
They typically show that the presence of foreign private firms makes the public firm
lower its prices and increases consumer surplus. Lyu and Shuai (2017) analyze the inter-
national mixed market by using Hotelling models and indicates that the presence of the
foreign firm increases transport costs. Matsushima and Matsumura (2003), Heywood
and Ye (2009a), Ye and Wu (2015), and Heywood et al. (2021) use spatial price dis-
crimination models to discuss mixed markets. Matsushima and Matsumura (2006) and
Heywood and Ye (2009b) analyze spatial price discrimination models of mixed markets
with foreign private firms. In spatial price discrimination models, firms offer different
prices based on consumers’ location. In our model, we assume that firms offer different
prices based on the consumers’ purchase histories. We find that BBPD increases the
sum of disutilities of taste mismatch in the international mixed duopoly.

The remainder of this paper is organized as follows. Section 2, Section 3, and
Section 4 describes models. We consider two cases: the domestic mixed duopoly and
the international mixed duopoly. Section 5 presents welfares analysis. Section 6 is the
conclusion.

2 Preliminary

We extend Fudenberg and Tirole (2000) by considering mixed duopoly markets. Two
firms, A and B compete in two periods. Let firm A be a public firm, which maximizes
domestic social welfare, and firm B be a private firm, which maximizes its profit. The
firms produce homogeneous goods at a constant marginal cost ¢ and simultaneously set
their prices in each period.

Consumers uniformly distribute over [0, 0] (§ = —0, § < 0). The parameter 0
represents how much consumers prefer goods B over goods A. To simplity to analysis,
we assume that ¢ > 6. Consumers’ preferences are constant over time. Consumers buy
one unit of product either firm A or firm B in each period. The per-period utilities for
a consumer indexed by # purchasing from A and B at price p are uy = v — g — p and
up = v+ g —p, respectively. We assume that v is sufficiently large so that all consumers
purchase in equilibrium. Firms and consumers discount their future by the common



factor § € [0, 1).

3 Domestic mixed duopoly

We firstly discuss a market where a public firm competes with a domestic private firm,
which is completely owned by domestic shareholders.

3.1 Uniform pricing

We consider the benchmark case where BBPD is not feasible. The firms can not identify
the first-period decisions of consumers or BBPD is illegal. The two-period model reduces
to two replications of the static equilibrium. We solve the static model.

Let Y denote the consumer who is indifferent between choosing firm A and firm B.
Consumers in [0, 8] choose firm A and consumers in [0V, 6] choose firm B. Firm A
and firm B offer p4 and pp to consumers. Then, Y satisfies v — % —pa=v+ % —PB.
Solving it for 6V yields

0" = ps —pa. (1)

Per-period domestic social welfare under uniform pricing is the sum of per-period con-
sumer surplus and per-period profits of firms, and is given by

s’ = (v—c)F—0) + 27+ 267 — L2, @)
4 4 2
Firm A chooses p4 to maximize (2) and firm B chooses pp to maximize g = (pp —
c)(§ —0Y).
The first-order conditions yield p% = p% = ¢+ 6, 6Y* = 0. Hence, the total
discounted consumer surplus, the total discounted profits, and total discounted social
welfare in equilibrium under uniform pricing in the domestic mixed duopoly are

08" = (1+0)l(w— )T —8) + {7 + 167~ 21+ )7, (3

Y = Y= (1+60, (4)

SWY = (140w )@~ 8) + {7 + 1) (5)
3.2 BBPD

We now assume that BBPD is feasible. In the first period, each firm sets a single price
simultaneously. In the second period, they offer different prices to consumers who have
different purchase histories after they observe the first-period behaviors of consumers.
We derive the subgame perfect Nash equilibrium by backward induction.



The second period

Let 6* denote the consumer who is indifferent between choosing firm A and firm B in
the first period. Consumers in [, 6*] chose firm A and consumers in [§*, §] chose firm B
in the first period. Firm A and firm B offer a and f to its past consumers and offer &
and B to the rival’s past consumers, respectively, in the second period. Consumer 6 on
[0, 0*] continues to purchase from firm A if v — g —a>v+ g — B , otherwise, switches to
firm B. Consumer 6 on [§*, §] continues to purchase from firm B if v — g —a<v+ g -0,
otherwise, switches to firm A. Considering the possibility of corner solutions, we obtain
the locations of the indifferent consumers on [, 6*] and [0*, 0], 64 and 6p, respectively.

B—a, if B—a<o,
04 = . 6
A {ea if B—a> 0", (6)
(e if B—a< 6,
93_{5—@, T )

Domestic social welfare in the second period under BBPD is given by
— 12 1 1 o 1 1
Swgz(v—c)(Q—Q)—l—é—lé’ +1Q2+§02—§92—§9%, (8)
where the superscript “D” stands for price discrimination. Firm A chooses o and & to
maximize (8) and firm B chooses 8 and 3 to maximize 75, = (8 — ¢)(6 — ) + (B —
C) (9* -0 A).
By taking into account the parametric conditions in (6) and (7), we solve the max-
imization problems, leading to

B, if
o = R
B— 0, if

3, it 9<0
B -0, it 0<0

IA
T <

* *
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o <
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These reaction functions can be depicted in Figure 1.! Figure 1 shows that there is a
unique equilibrium represented by E, in (a) and (b) and E in (c), respectively.? How-
ever, there are multiple equilibria in (d). We assume that a social welfare-maximizing
firm puts a little more value on the consumer surplus than on the producer surplus.
Firm A lowers its price as much as possible and then equilibrium is determined at Ep
in (d). Thus, equilibrium prices in the second period are

G=B=c+0, a=c—0", B=c, if <6*<0, (17)
a=B=c+0", G=c+0—20", B=c+0—0*, if 0<0"<0 (18)
B B
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i .
: LB,
1 c+ 0* ______ :___ Firm B
: c |
c Firm B ! :
: FirmA: :
: > L —>
0 c—0" 0 c—0* c+ 6"
(a) Firm A’s turf (F)‘ <0) (b) Firm A’s turf (9* > 0)
B g
N A
; ; Firm B
, Firm A 1
o ! irm (/+§_ 0* _____
c+0—0"|-___ - Fiom B c
C+§ - = YE, : Firm A
R > G - > &
Ole+6 c+60—207 0 c+6—20"
(¢) Firm B’s turf (6* < 0) (d) Firm B's twf (6* > 0)

Figure 1: The second period’s equilibrium in the domestic mixed duopoly

Therefore, we have

12 1 7
swf = (v—c)~6)+ 30 + 0%, forall 4<0°<8,  (19)

ISince § < 0* <0, min{c+0 —20*} = c— 0 > 0. Hence, (c+ 6 — 20*) is positive for all § < 6* < 0.
2Following Fudenberg and Tirole (2000), we assume that a profit-maximizing firm does not charge
prices below the marginal cost.
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The first period

We obtain the indifferent consumers in the first period. In the case of § < 6* < 0,
the consumer, 6, is indifferent between choosing firm A in the first period at price
a and then choosing firm A in the second period at price o, or choosing firm B in
the first period at price b and then choosing firm A at price &. Thus, 6* satisfies
v—% —a+d6v—% —a)=v+L —b+5(v—% —&). Substituting the second-period
equilibrium prices and solving it for 6* yields

_b—a+5§

* = i < 0* <.
0 . il <07 <0 (22)

In the same way, in the case of 0 < #* < 6, the consumer, #*, is indifferent between
choosing firm A in the first period at price a and then choosing firm B in the second
period at price 3, or choosing firm B in the first period at price b and then choosing
firm B at price 3. Thus, §* satisfies v—% —a+0(v+ % —3) = v+ L —b+0(v+ % - 3).
Substituting the second-period equilibrium prices and solving it for 6* yields

_b—a+5§
1425

*

if 0<6*<0. (23)

Firm A chooses a to maximize SWP = swP+dsw? and firm B chooses b to maximize
5 = 7k, + 075, . Their objective functions can be obtained as

— 12 1 1., — 12 1
SWP =[(v—c)(0—-0)+ yidina ZQQ - 30 T4+6[(v—10c)(@—0)+ 10+ ZQQ}, (24)
and
(b—@<u_2®9_b+a)+6?, if §<0°<0, (25)
o — 1—-90
P) b+ 20— (1+20)c —26%0)(1+ 60 —b+a) _

+00°, if 0<0°<0, (26)

(1+20)2

where 6* in (24) is given by (22) if § < 6* < 0, and is given by (23) if 0 < 6* < 6.
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Figure 2: The first period’s equilibrium in the domestic mixed duopoly

The differentiation of the above objective functions yields

a="b+ 60, for all 0 <60* <40, (27)
1 1—26)0
§Q+M, it 9<0" <0, (28)
S )l1-2 142 1 262)9 _
: (5a+( + 5)c+(2+5+ 5)97 it 0<6 <3 (20)

These reaction functions can be depicted in Figure 2. The private firm’s reaction
function has two local optimal solutions for each @ in the range c+60 < a < ¢+ (1+6)6.
In the range, given firm A’s price, firm B set b according to either (28) or (29) and earn

the following profit, respectively.

4(11 5)[a—c+(1—25)m2+552, if 9<6" <0, (30)
mny = -
i@—c+a—®ﬂ2+m{ if 0<6*<@. (31)

These are obtained by substitution of (28) into (25) and (29) into (26), respectively.
We find that (30) is larger than (31) if a < ¢+ (§ — 1 = 8)0, ¢+ (6 + V1 —9)f < a.
Since ¢ + (6 +v1—6)0 < ¢+ 0, firm B earn a larger profit according to (28) in the
range of ¢ + 0 < a < ¢+ (14 §)f. Therefore, equilibrium is given by E, in Figure 2.

Proposition 1 FEquilibrium prices in the domestic mized duopoly are given by

~

a=a=B=c+0, b=c+(1-0)0, a=p=c,
satisfies the following inequalities

=pi>a, ph=B8>b>p, 0" =0,=05=0.

[N

a =

8



Proposition 1 implies that poaching does not occur in the domestic mixed duopoly.
Total discounted consumer surplus, total discounted profits, and total discounted
domestic social welfare in equilibrium under BBPD in the domestic mixed duopoly are

0S” = (1+0)(v—c)F—0) + ;0 + 107 2, (32)
n? = 1 =9, (33)
SWP - (1+5)[(v—c)(§—Q)+i@Q—i—iQQ]. (34)

Proposition 2 Comparing the outcome under uniform pricing, (3), (4), and (5), we
have

CcSY <SP 1Y > 1P, swYV = SwP, (i=A,B).

Thus, BBPD does not affect domestic social welfare since poaching does not occur in
the domestic mized duopoly.

BBPD is beneficial to consumers, detrimental to firms, and neutral to domestic social
welfare in the domestic mixed duopoly. Fudenberg and Tirole (2000) consider two
symmetric profit-maximizing firms and show that BBPD is beneficial to consumers
and detrimental to firms and social welfare. Our result shows that BBPD does not
harm domestic social welfare, unlike Fudenberg and Tirole (2000). Poaching allows the
reallocation of consumers to the firm they like less and reduces the second-period social
welfare in their model. However, Proposition 1 shows that poaching does not occur
in our model. This is because the social welfare-maximizing public firm minimizes the
sum of disutilities of taste mismatch.

4  International mixed duopoly

We secondly discuss a market where a public firm competes with a foreign private firm,
which is completely owned by foreign shareholders.

4.1  Uniform pricing

We consider the case where BBPD is not feasible. Since foreign private firm profits
flow out to foreign owners, per-period domestic social welfare under uniform pricing
in the international mixed duopoly is the sum of per-period consumer surplus and the
per-period profit of firm A, and is given by

— 1 1
sw’ = (0 —0) + 04+ -0° -
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Where the superscrlpt “f” stands for the international mlxed duopoly and 6V is given
by pB p . Solving as in the previous section, we obtain pA =c, pB =c+3 g , 0U* =
Thus, we have

wlo:

CSUT = SWUS = (1468)[(v—c)(@ - 0) + %@2 + %QQ] —(1+ 5)292, (36)

ny’ = o, (37)
ny/ = (1+5)i§2. (38)
4.2 BBPD

We now assume that BBPD is feasible.

The second period

Let 0*/ denote the first-period indifferent consumer in the international mixed duopoly.
Firm A and firm B offer of and 8/ to its past consumers and offer & and Bf to the
rival’s past consumers, respectively, in the second period. As in the previous section,
we obtain the locations of the indifferent consumers on [6, 6*/] and [6*/, 6], ¢/, and 6%,
respectively.

3 ol i B —of <o

f_ B —af i BT—af <,

QA_ { Q*f, if Bf_afze*f7 (39>
*f if pf—af <@

f — 6 ? 1 B o’ > 9

63_{5]‘-@& if Bl —af > 6. (40)

In the case of the international mixed duopoly, domestic social welfare in the second
period under BBPD is given by

_ 1o 1 1 1 1
swp = 0@ 0)+ 10+ 100+ S(07) — S(04) - S (0h)?
—c(0h —8) = B1(0" —0)) — (0] — 67) — 57 (0 - 0}). (41)
Flrm A chooses cif and &/ to maximize (41) and firm B chooses A% and B/ to maximize
ol = (87— ¢)(@ — 0%) + (B — ¢) (9" — ¢). By taking into account the parametric

conditions in (39) and (40), we solve the public firm’s maximization problems, leading
to

e if B/ <c+6, (42)
B —e it B>+ 6, (43)

and

10



e if B> et 0, (44)
o) =

gf—of if pf<c+0 (45)
The private firm’s maximization problem is the same as in (13), (14), (15), and, (16).

B B!
A

c+ 6*f

[
C+T‘

¢ c—0*f

(a) Firm A’s turf (H*f <0)

T
Firm A

e+ 0 -
_ B
GO f -2 y

Firm B

Y
jo)
<

0 c+0—20"T ¢

(d) Firm B’s turf (6% > g)

Figure 3: The second period’s equilibrium in the international mixed duopoly

The reaction functions can be depicted as Figure 3. Proceeding in the same way,
equilibrium prices in the second period are

of =c—07 B =c af = 6f:c+g, if 6<% <0, (46)

f 5t A f 0 : if <8
a:c,6:c+2,a—c,ﬂ—c+§, if 0<09 <3, (47)

R gf _ _ ~ _
of =¢, B =c+ 5 & =c+0-207 g =c+0—07, if gge*fge (48)

Therefore, we have
_ 1o 1 3 -
swll = (w—c)@-0)+ 192 LU CRP R RS (49)
n * 1 *

Ty = (007 + (07)7, (50)



if g < §*/ < @. In this case, firm A does not poach firm B’s consumer but firm B poach
firm A’s consumer since 6/, = 26*7 and 0L =67
We show that only the case of g < 6" < 6 is possible in equilibrium in Appendix.

The first period

In the case of g < 6*f <0, the consumer, 0*7, is indifferent between choosing firm A in
the first period at price, af, and then choosing firm B in the second period at price, Bf ,
or choosing firm B in the first period at price, b/, and then choosing firm B at price,
B, Thus, 6*/ satisfies v — % —af—l—é(v%—% — B :U+% — b+ 5w+ 9;f — p9).
Substituting the second period equilibrium prices and solving it for 6* yields

20bF —af +660) ., 0 -
0 sy 5 <0< (51)

From (49) and (50), objective functions of firm A and firm B are given by

SWPF = [v(6 - 0) + %52 + }lf — %(9”)2 — (0" = 6) — b/ (0 — 6]
+o[(0—)F ) + 7 + 38 g(e*f)Z S@-07Y, (52)
and
M5 = (b — o)~ 6°7) + 018 — 6" + 1(6°7)7) (53)

The differentiation of the above objective functions yields the following reaction func-
tions.

2(2+30)c — (44 6)00 + 506" — (4 +116)a’ = 0, (54)
22+ 30)c+ (44600 +4(1 —0)a’ =24+ 6y = 0. (55)

Solving (54) and (55) gives equilibrium prices in the first period and substituting
these prices into (48), we can obtain equilibrium prices.

Proposition 3 FEquilibrium prices in the international mized duopoly are given by

;o 5(6 —6) 56% + 20 + 8- *f:2(35+2)§

—c— — b = 0
T8y ‘T st +8
A 30 + 2 5 - 544 _
I — I — Af — f—
ol =c Pl=etgml al=e—mgmsl =t ol

Thus, we have

ph=aof >al >af, pl>b/ >80 > pf 0l <0, 0L =0

12



We can check that 0*/ satisfies ¢ < 6*/ < § and 9,{1 = %Q*f.

Proposition 3 implies that BBPD decreases equilibrium prices and only the private
firm poaches its rival’s consumers. Furthermore, Proposition 3 indicates that BBPD
increases the private firm’s total market share. Its total market share under uniform
pricing is 2(%) and that under BBPD is 5%*—:;5. It is apparent that the latter is larger
than the former if 6 € [0,1). Firm A captures more than three-quarters of the market
by charging a below-marginal-cost price in the first period under BBPD. This makes
poaching by the private firm less costly in the second period since consumers in firm
A’s turf have higher relative preferences for the private firm’s goods as the public firm’s
first-period market share is larger.

Total discounted consumer surplus, total discounted profits, and total discounted
domestic social welfare in equilibrium under BBPD in the international mixed duopoly

are

NI

- 12 1 476° 4 446° 4 360 + 482
Df _ _ _ - 292 —
Cs (1+0)[(v—c)(@—0)+ 40 + 4Q] 2075 1 3)2 6, (56)
5(6 —6)(135 + 12) -2 pr  250°% 4+ 626% + 560 + 322
= - e =
A 2(76 + 8)2 o, g 2(75 + 8)2 . (57)
- 12 1 176 + 5562 + 548 + 24—
Df — 1 . o - ~ 021 _
SW (1+9)[(v—1c) Q)+49 +4Q] R 6. (58)

Proposition 4 Comparing the outcome under uniform pricing, (36), (37), and (38)
yields

CSUr < csPf v > 1Pl swUf < SWPf (i = A, B).

Thus, BBPD improves domestic social welfare although it increases the private firm’s
total market share in the international duopoly.

BBPD is beneficial to consumers and domestic social welfare but detrimental to the
firms in the international mixed duopoly. We have previously mentioned that Fudenberg
and Tirole (2000) show that BBPD is beneficial to consumers and detrimental to firms
and social welfare. However, our results show that BBPD increases domestic social
welfare in the international mixed duopoly.

Total discounted domestic social welfare in the international mixed duopoly (STWP7)
can be defined as that in the domestic mixed duopoly (SW?) minus the total discounted
sum of disutilities of taste mismatch and total discounted private firm’s profit. BBPD
increases the total discounted sum of disutilities of taste mismatch. The sum of disu-
tilities of taste mismatch is increased by the public firm’s below-marginal-cost pricing
in the first period. It is decreased by the private firm’s poaching in the second period.
On the other hand, BBPD decreases the private firm’s profit. BBPD increases the pri-
vate firm’s market share but decreases its equilibrium prices as shown in Proposition 3.
Therefore, BBPD increases total discounted domestic social welfare in the international
mixed duopoly.

13



5 Welfare

In this section, we discuss welfare analysis. We investigate the impacts of privatization
on social welfare.

Suppose that the public firm is privatized in the domestic mixed duopoly. There
are two profit-maximizing firms completely owned by domestic shareholders. Domestic
social welfare under uniform pricing and under BBPD in an domestic pure duopoly can
be obtained as follows:

SWU = (148)[(v—c)+ 0%, (59)

SWPP = (1+8)[(v—rc)+ -0 +-0*]— =60, (60)
where “p” stands for the pure duopoly. It is obvious that SWUP > SWPP and we can
see that BBPD lowers domestic social welfare in the domestic pure duopoly. On the
other hand, Proposition 2 shows that SWY = SWP.

Suppose that the public firm is privatized in the international mixed duopoly. There
are a profit-maximizing firm completely owned by domestic shareholders and that com-
pletely owned by foreign shareholders. Domestic social welfare under uniform pricing
and under BBPD in an international pure duopoly can be obtained as follows:

SWUH = SWPH = (14 8)[(0— ) + 10 + 167) — (1 +0)0" (61)

We can see that BBPD is neutral to domestic social welfare in the domestic international
duopoly. Note that equilibrium prices and differential consumers in those cases are
consistent with Fudenberg and Tirole (2000). On the other hand, Proposition 4 shows
that SWYH < SWPT,

Therefore, we have the following proposition.

Proposition 5 The presence of public firms reduces welfare loss caused by BBPD.

The public firm prevents poaching in the domestic mixed duopoly and lowers equilib-
rium prices in the international mixed duopoly. As shown in Fjell and Pal (1996), the
public firm is more aggressive in pricing when it competes with the foreign private firm.

6 Conclusion

We extend Fudenberg and Tirole (2000) by considering mixed duopoly to investigate
mixed markets in which the social welfare-maximizing public firm and private firm
engage in behavior-based price discrimination. We find that BBPD is irrelevant from
the viewpoint of social welfare when the public firm competes with the domestic private

14



firm. The public firm minimizes the sum of disutilities of taste mismatch and then both
firms do not poach rivals’ consumers. On the other hand, if the public firm privatized,
BBPD reduces domestic social welfare since both firms poach rivals’ consumers. We also
find that BBPD improves domestic social welfare when the public firm competes with
the foreign private firm. BBPD reduces the outflow to foreign shareholders although it
increases the foreign private firm’s market share. If the public firm is privatized, BBPD
is irrelevant from the viewpoint of social welfare.

Lin and Matsumura (2012), Cato and Matsumura (2012), and Haraguchi and Mat-
sumura (2014) investigate the effect of partial privatization, developed by Matsumura
(1998) on social welfare. Matsumura et al. (2009) and Cato and Matsumura (2012)
introduces the stockholding ratios of foreign investors in private firms. Introducing par-
tial privatization and a private firm owned by both domestic shareholders and foreign
shareholders into this model remains for future research.

Appendix

A The case of § < 0*F <0
In the case of § < 6*/ < 0, the first-period indifferent consumer can be derived as

b—a

0 =
1-4

The objective functions of firm A and firm B are

_ 1— 1 =
SWP = [u(6—0) + 192 T OO ) B A G I ()
- 12 1,
92
o = o —o)@-07)+ e (64)
First-order conditions are
(1—=08)c+db—a=0, (65)
c+(1-8)0+a—2b=0. (66)
5(1—5)

Solving these equations yields a = ¢ +
6*/ = 1226, which violates § < 6*/ < 0.

5% fand b = ¢+ ;%39. Hence, we obtain
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B The case of 0 < 6*/ <

| D

In the case of 0 < 0*f < g, the first-period indifferent consumer can be derived as

2(b—a)

*f:
0 5 5

(67)

The objective functions of firm A and firm B are

_ 1o 1, 1 _
SWPI = [o@=0)+ 30" + 368 = 50— c(6 — )~V (F- 0] (69)

(0 — )~ 8) ~ S+ 10+ 67,
ny’ = o —e)@—-07)+ 6[922 + %2]. (69)
First-order conditions are
22—=0)c+db—(4—0)a=0, (70)
(2—06)20+2(2—0)c+4(1—6)a—2(4—38)b=0. (71)

5(2—6)
2(8—50)

o = 2552_:,)?5, which violates 0 < §*f < g-

fand b= c+ @ggf(ggf)@ . Hence, we obtain

Solving these equations yields a = ¢+
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