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Abstract

The present paper studied third-degree price discrimination in wholesale markets and its welfare property when a
monopolistic manufacturer sells his/her products to two retailers who have different qualities and costs of sales. Our
results revealed that price discrimination within a certain extent increases social welfare under some conditions, which
would support the soft enforcement of prohibiting price discrimination by a monopolistic wholesaler.
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1. Introduction

Nowadays, there are fierent types of retailers with regard to retail service quality and
product prices: The first type is the specialty store, which providécwnt after sales war-
ranty and support for products; the second type is the discount store (or web store), which
achieves lower price points through rationalization and does not provide after sales warranty
and support. These retailers have to face price competition along iiénedit standards of
retail service quality, and thus, their demand functions for identical productsféesedt. Ac-
cordingly, a monopolistic manufacturer has an incentive to chartereint prices from each
type of retailers. That is, a monopolistic manufacturer has an incentive for third-degree price
discrimination in wholesale markets. Indeed, the Times (British newspaper) dated November
15, 2005, reported that manufacturers are charging shopping websites wholesale prices be-
tween 10 and 15 per cent higher than the prices charged to high street stores. Based on this
report, Aiura (2007) showed that under some conditions, the wholesale price charged from an
online electronic retailer is higher than that charged from a high street rét@lecause such
price discrimination of a monopolistic manufacturer seems to distort competition in retailers,
the antitrust laws of many countries prohibit such discrimination. In order to assess whether
this prohibition supports improvement in social welfare, the present paper, which extends Aiura
(2007), analyzes how social welfare would be changed by the extent of third-degree price dis-
crimination of a monopolistic wholesaler that sells its products to two price-competing retailers
who have diferent qualities and costs of sales: One is a high-quality, high-cost retailer, while
the other is a low-quality, low-cost retailer.

In a related literature, Katz (1987), DeGraba (1990), and Yoshida (2000) studied welfare
properties of price discrimination by upstream firms. Katz (1987) and DeGraba (1990) as-
sumed that in upstream-downstream relationships, the product costs of downstream firms that
compete in terms of quantities arefdrent, and they showed that price discrimination by a
monopolistic upstream firm always lowers social welfare. Yoshida (2000) assumed that not
only the product costs but also productivities of downstream firms dFereint and showed
that social welfare might improve when a monopolistic upstream firm charges a higher price
to the firm that has relatively lower productivity than the other firms. Since we assume that
the selling cost and service quality of downstream firms dferdint, our assumption isftir-
ent from that of previous studies. Moreover, the previous studies focus on determining which
measure is better—prohibiting price discrimination wholly or permitting price discrimination
without constraint. However, in reality, the enforcement of prohibiting price discrimination by
a monopolistic wholesaler is not strict, and the wholesaler would not be punished if the whole-
sale price gap between retailers is not large. Therefore, we consider another measure added to
the two above mentioned measures—permitting price discrimination within a certain extent.

This consideration allows us to observe cases in which permitting price discrimination
within a certain extent has théfect on social welfare from among the three abovementioned
measures. This result would support the soft enforcement of prohibiting price discrimination
by a monopolistic wholesaler. Moreover, we also observe cases of welfare improvement by
third-degree price discrimination even when there is no increase in total output. Traditionally,
a well-known conclusion about social welfare through third-degree price discrimination is that
an increase in total output is a necessary condition for welfare improvement by third-degree
price discriminatior? The present model shows one of the extension models in which the

Lvillas-Boas (2007) empirically showed the wholesale price discrimination in thieeemarket in Germany.
2See Schmalensee (1981), Varian (1985), and Schwartz (1990). The literature on price discrimination is sur-
veyed by Stole (2007).



well-known conclusion is not achievéd.

The present paper is organized as follows. Section 2 presents some preliminaries in order to
analyze the #ect of manufacturer’s price-discrimination on social welfare. Section 3 presents
the results of this analysis. Section 4 presents the concluding remarks.

2. Preliminaries

We conduct a welfare analysis based on Aiura (2007his section introduces a price
decision model according to Aiura (2007) and presents some preliminaries to enable us to
conduct a welfare analysis. We consider that a monopolistic manufacturer sélés pioducts
to two price-competing retailers who havedtdrent qualities and costs of sales: One is a high-
quality, high-cost (retaileH), and the other is a low-quality, low-cost (retailey. The two
retailers resell the manufacturer’s products to end consumdise manufacturer acts as a
Stackelberg price leader. In the first stage, the manufacturer sieiedt wholesale prices for
retailersH andL under linear pricing contracfsin the second stage, retaildsandL choose
their respective retail prices based on the wholesale pngedenotes the wholesale pricg,
denotes the retail price for retaile(i = H, L), andq; denotes the quantity of sales by retailer
i (i = H,L). The manufacturer incurs constant marginal product cost, denoteg,bgnd
retailersH andL incur constant marginal selling costs, denotediaandc, respectively. We
assume that retailét incurs higher marginal costs than retailercy > ¢, and that consumers
are heterogeneous with regard to the valuation of the manufacturer’s product. We denote the
customer’s reservation price for the productwgnd, for analytic simplicity, assume that it is
uniformly distributed within the consumer population from 0 to 1, with a density of 1. Because
retail quality is diferent for diferent retailers, we assume that the true valuation of a product
through retail sales equals the valuation of the product multiplied by retail quality, and we
denote the customer’s reservation price for the product through reitdiieé,v (6, > 0, i =
H, L). To simplify the notation, we normaliz&;, as 1 and denot@_ by 6. Because retaile
offers higher retail quality than retailer we assume thatQ 6, < 6, (i.e., 0< 6 < 1). Retailer
i offers the product at pricp;, so that a consumer whose reservation price derives a net
consumer surplus afv — p; by buying the product. Thus, &v - p; > 6;v— p; (fori # |,

i =H,Landj = H,L)andéyv - p; > 0 (fori = H, L), the consumer buys the product through
retaileri.” Therefore, the demand functions for each retaigrandq., depend orpy andp,.
Whenqgy = 0 orq. = O, either retailer does not make a sale, and price discrimination must
be unobserved. Because our purpose is to know welfare change by price discrimination, we
assumeyy > 0 andqg, > 0, thus

_Pu—p _ 0P —p
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30ther extension models in which this well-known conclusion is not achieved are Yoshida (2000), Adachi
(2005), and Galera and Zaratiegui (2006).

4Aiura (2007) does not analyze the welfare property of price discrimination by a upstream firm.

SWe assume that the manufacturer does not permit retailers to buy and sell the manufacturer’s products from
other retailers. Moreover, we assume that retailers cannot change qualities and costs of sales.

6A monopolistic manufacturer might enforce a two-partffaldut in this situation, it is unclear which criterion
we use when deciding whether the manufacturer price-discriminates: lump-sum fee, per-unit charge, or per-unit
lump-sum fee plus per-unit charge. Therefore, at the onset, we assume that a monopolistic manufacturer enforces
linear pricing.

7If 84v — py < 0 andd.v— p. < 0, we assume that the consumer would not buy the product and would obtain
a zero surplus.



Usinggy andqy, the profits of each retailety andx_, can be written as

(PH — WH = CH)OH, (2)
(PL — WL — CL)0L, )

TH

T
and the profits of the manufacturer;, can be written as

im = (WH — Cm)0H + (WL — Cum)QL. (4)

Before we assess thdfect of price discrimination on social welfare, we need to derive
retail and wholesale pricing. By backward induction, we first derive retail pricing when the
wholesale price is given. The first-order conditions of (2) and (3) with respect to the retail price
give the retail price equilibrium as follows:

C2(1-wy-cy)+(E-w-c)

pH = 1 4_9 > (5)
o = 9_9(1_WH_CH4);"92(9_WL_CL). (6)

Using p;, and p;, we derive the wholesale price. If the manufacturer can exercise price
discrimination, the first-order conditions of (4) with respect to the wholesale prgesuid
wy) give the the best wholesale prices to maximize the manufacturer’s profit as follows:

WL:CM +6n/2, VVT_:CM +6./2, (7)

whered; denote®, —c;—cy (fori = H, L). Moreovergy ands, must satisfy thatd/(2—6)]on <
oL < (2-0)dy, in order to satisfy thafy > 0 andqg, > 0. The previous derivations are closely
derived by Aiura(2007).

If the manufacturer cannot exercise price discrimination, the manufacturer has to charge a
uniform wholesale price from both retailers; that is, the manufacturer has to satisfyw, .
The first-order conditions of (4) with respectig = wy = w give the the best wholesale price

as follows:
6oy + 2(5|_

—_— 8

2(2+06) ’ ®)
wheres; denoted);, — ¢, — ¢y (fori = H, L). Moreovery ands,. must satisfy that [8/(2 + 26 —
62)]6n < 6L < [(8 — 8 — 6%)/6]6, in order to satisfy thafj; > 0 andg, > 0. A more detailed
derivation ofw], is given in Appendix A. Social welfare is measured by the total surplus, i.e.,
the sum of profits of the manufacturer and retailers and the sum of consumers’ surpluses, which
equals

\NU*ZCM-I-

1-aH 1
SW= (f ovdv + f vdv) — [(cH + cm)an + (cL + cm)aL]
1 1

~(Qn+aL) ~0H

1
=1- E(qﬁ +007) — (1 - gn)(1 - 6a) — [(Cr + Cm)aH + (L + Cum)alL].- 9)
Next section shows the change®Whby price discrimination of the manufacturer.
3. Welfare dfect by price discrimination

3.1 The parallel between permitting and prohibiting price discrimination



The simplest method to determine whether price discrimination by the manufacturer is desir-
able on social welfare grounds is to calcul8té/u, —w;, w =w; —S W, =w -w. Using (1) and (5)
—(9), we derive

(61 — SV)[(20 + 96 — 26%)6 — (24 + 70 — 462)6.]
- 8(1-0)(2+ 0)2(4-0) '

SWWH:WL,WL:WI - S\MWH:WL:WU* = (10)
Because < 6 < 1 and (20+ 99 — 26°) < (24 + 76 — 46°), (10) implies thatS Wy, -, w,-w;
is more tharsS Wy, —w -w- If 6 Is a little more tham ; otherwise S W, -w:, w_-w; IS l€ss than
S W, -w =we-. Moreover, (7) shows that thefterence ofwv}, andw; is directly proportional to
the diterence oby andé,, and thus, we derive the following proposition.

Proposition 1. We assume that the demand of each retailer is positive whether governments
permit or prohibit price discrimination. If retailer H is charged at a higher wholesale price than
retailer L and the dfference between the two wholesale prices jBaently small, the prohibit-

ing price discrimination decreases social welfare; otherwise, prohibiting price discrimination
increases social welfare.

Moreover, we derive thaty + du)lws=w;, w=w; = (QH + 0L)lwy=w -we+- Therefore, Proposi-
tion 1 is not identical to the traditionally well-known conclusion regarding third-degree price
discrimination by a monopolistic seller—an increase in total output is a necessary condition for
welfare improvement by third-degree price discrimination.

3.2 The case of permiting price discrimination within a certain extent

Subsection 3.1 showed which is better prohibiting price discrimination wholly or permitting
price discrimination without constraint. However, the real enforcement of prohibiting price
discrimination by a monopolistic wholesaler is not strict. In this subsection, we consider that
the manufacturer can exercise price discrimination within tolerance limits.

We assume that a monopolistic wholesaler face profit-maximizing problem subject to the
following linear constraint:

O<wy—w <t<swy—-w, ifw,>w
: (11)

O<sw—wy <t<sw —wy, ifw,<w

wheret is some constant. The solution to this problem depends and is denoted bw,*(t)
andwf*(t).8 In this subsection, as well as in subsection 3.1, if we assumejthad (i = H, L),
we derive following Lemma with regard tef,*(t) andwf *(t).

Lemma 1. When wis=we," @) =wey > 0 (i=H,L) for any te [0, 1] is assumed,

0o +25|_ 2
22+6) 240 jt5 <5< 105 (12)
WC*(t) - 0oy + 25|_ B 0 30
LW M 2240 2+6

8Sincet = 0 implies that there is no price discriminatiarf,*(0) = w{ *(0) = w*. Conversely, since= |wy* -
w*[implies that there is price discrimination without constraivt; (jwx*~wL*[) = wj, andw{ *(jwn " =wWL*[) = W] .
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06H+25L_ 2 ¢
22+6) 2+6 6
95H+2(5L+ 0 T 8-0-62
22+60) 2+46

VV|C_|*(t) =Cm +
oL <0y <OL.

W (t) = om +

Proof: Appendix B.

Lemma 1 and (7) show that,*(t) (W} "(t)) is a monotonically increasing (decreasing) function
whenwj, > w}, andwi,"(t) (W;"(t)) is a monotonically decreasing (increasing) function when
wW;, < w;. Moreover, we can observe th@{ (q.) monotonically decreases, (g4) monoton-
ically increases, andy + g is constant as increases whew;, > w; (W}, < w;). In other
words, each retail sale of retaildrfsandL changes asincreases, but the total retail sales re-
main constant. Therefore whether social welfare improves or worsens depends on the shift in
the consumers’ choice of retailers.

Whengilw,-we mw -we:@y > 0 (I = H, L) for anyt € [0, 1], differentiatingS Wwith respect

totyields
POW_ 11— 0)(1 - g) - (cn - o) 2k

ot ot
If 64 < 6L, we can observe that [A6)(1-g4) — (cq — )] < 6w — 6L < 0 anddgy /ot > 0, and
thus, we derive

6(89—tw<0f0r03tswﬁ—w,:, if
If 64 > oL, althoughdgy /ot < 0, the sign of [(1- 6)(1— gy) — (cy — ¢)] cannot be determined.

Substituting (12) into [( 6)(1 — gn) — (cq — ¢L)], we obtain

m(ﬂ_ < OH < OL. (13)

(8+ 50— 6264 —2(5+ 20 — 6%, 1 )
22+ 0)(4-0) T2vo-

Therefore, we derive the following:

oSW 14+ 30 - 262

7>Of0l‘0§t§\l\lﬁ—\l\f[, if6L<5H<m5L5 (14)
%\Qo fort <t<wy,—w
oS W _ — —(8+50 - 626 + 2(5+ 20 — 65,
— — , Wheret = , 15
o =0 fort=t where 2(4-6) (15)
—aSW>O forO<t<t
ot
. 14+ 30 - 202 2(5+ 26 - 6°)
f ———+——-50 <0y < —(Y———9,
12+ 40 - 62 8+ 50 — 4?2
OSW . 2(5+26-6°) 2+20-6°
- <t< — S - = -
5t <Of0r0_t_V\f|k_| V\fr_, if 8150_ 02 0L <O0n < 20 oL. (16)

(13) — (16) show thaS W monotonically increases dsncreases ity is a little more than
oL, SWHirst increases and then decreased axreases oy is moderately more thaé ;
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Otherwise,S W monotonically decreases &sncreases. This implication and (7) derive the
following proposition.

Proposition 2. We assume that the demand of each retailer is positive whether governments
permit or prohibit price discrimination. If retailer H is charged at higher wholesale price than
retailer L and the djference between the two wholesale prices gcantly small, permit-

ting price discrimination within a certain extent has a more desiralfiect on social welfare

than prohibiting price discrimination. otherwise, prohibiting price discrimination has the most
desirable gfect on social welfare.

Proposition 2 supports the soft enforcement of prohibiting price discrimination by a monopo-
listic manufacturer who sells to retailers, but this is exclusive to the situation when the manu-
facturer charges a higher price to retait¢r(high-quality, high-cost retailer). Moreover, both
Propositions 1 and 2 imply the possibility of welfare improvement without increasing the total
output. The intuitive interpretation of welfare improvement without increasing the total output
is as follows: Whedy > §. and the diference betweesy ands, is small, for most consumers,
choosing retailet is desirable on social welfare grounds. However, the duopoly in the retall
market leads to a situation wherein the retail sales by rethikme less than what is desired

on social welfare grounds. When permitted to price-discriminate, a monopolistic manufacturer
increases the wholesale price for retaittrand decreases the wholesale price for retditer
accordingly, the retail sales by retaileincrease. Therefore, price discrimination by a monop-
olistic manufacturer cancels out the undersupply of retailby duopoly and improves social
welfare.

4. Concluding remarks

The present paper studied third-degree price discrimination in wholesale markets and its
welfare property when a monopolistic manufacturer sell$kisproducts to two retailers who
have diferent qualities and costs of sales. We observed that price discrimination within a
certain extent increases social welfare under some conditions, which would support the soft en-
forcement of prohibiting price discrimination by a monopolistic wholesaler. Since this increase
in social welfare does not accompany an increase in the total retail sales, the present model
shows one of the extension models in which the well-known conclusion regarding third-degree
price discrimination is not achieved.

Some extensions are worth mentioning. First, we could consider oligopolistic retailers (i.e.,
two retailers) and not duopolistic retailers (i.e., more than two retailers). Even in an oligopolis-
tic retail market, third-degree price discrimination by a monopolistic wholesaler would achieve
the same results as in the present paper. Second, because the demand function considered in the
present paper was linear, the total demand wasfeictad by price discrimination. However,
when the demand function is nonlinear, the total demandtected by price discrimination;
therefore, social welfare trends would change. There may be cases wherein welfare improves
with decreasing total output. Finally, we only assumed that a monopolistic manufacturer em-
ploys linear pricing. Thus, we need to consider non-linear pricing, too. Moreover, since the
pricing scheme and price level may be determined by negotiations between the manufacturer
and retailers, we need to consider this negotiations as well. These important and interesting
topics are left for future research.

Appendix A: Derivation of v,
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Substitutingpy, andp; into (4),

1

= m{[e(z —0)(1—wy —cy)— 000 —w. —c)](wy — )+

™
[-6(1 — Wi — cn) + (2 - 0)(0 — Wi — c)l(wi — Cw)}-
The first-order condition to maximizg, with respect tow! = wy = W is

oy _9(1—2\/\/“—CH+CM)+2(9—2VVU—C|_+CM) _
oW 0(4 - 6) Bl

0,

which givesw'* as (8). Moreover, because we assume igt-w -w- > 0 (i = H,L), 6y =
1-cy—cy ands, = 6-c_ —cy must satisfy that [8/(2+ 26— 62)]6y < 6. < [(8—60—6?)/6]64,
in which the second-order condition is satisfied.

Appendix B: Proof of Lemma 1
Because we assume th@by,-we pw-we'y > 0 ( = H,L), (2-6)(1 — wy"(t) — cu) >
(0 =W (t) — cp) and(1 — wE,*(t) — cq) < (2 - 6)(0 — W™ (t) — cL) must be satisfied.
Since constraint (11) is satisfied, we obtain

WGt wWe(t)

=1 ifw, >w
ot ot > T Wy > W (17)
(1) _ owh (O =1, if w, <w ’
ot o7 H L

Underdilw,=ws, mw =we@ > 0 (i = H, L) and constraint (11), the wholesale prices satisfy the
following condition.

Ima(Wey™ (0. Wi (D) | (W™ (0. W4 (D) _
OWH oW B

0. (18)

Since (18) is satisfied for the proximity bf= t’ satisfyingdjilw,=we, @) w.=we*@y > 0 (i = H, L),

9 (Omm(Wh (0. Wiy (0) | omm(Why (0, W™ (D)) _

0.
ot OWH oW

Sincedilw,=we, 0w =we*y > 0 (i = H, L), using (17), we obtain

anm(’) N dmw () _ O(1 — 2w " (t) — ey + Cm) + 2(1— 2wS*(t) — ¢ + Cw)

OWH oW 9(4 - 9)
and thus,
9 (6rm() | dmu() 2 OWEI(N) oW (t)
R = — = . 1
6t( oW oW, da—g\ o e )70 (19)
(17) and (19) give
ower(t) 2
at  2+60
(9WE*(t) _ 6 4 If Vvl: > V\flk_’ (20)
o 2+6
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and

e 2

ot 2+60

we)y o if W < W (21)
ot  2+6

Becausenf,"(Iwy, — w;[) = wy, andw{ *(Iw}, — w[) = wj, we have Lemma 1 by solving the
differential equations in (20) and (21).
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