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Abstract

We investigate theftect of banning resale-below-cogters. There are two retailers with
heterogeneous bargaining positions in relation to a monopolistic manufacturer. Each retailer
sells two goods: one procured from the monopolistic manufacturer and the other, from a com-
petitive fringe. In equilibrium, banning resale-below-cofitecs candecreasethe retailers’
prices. The ban can benefit the weak retailer in terms of bargaining position and increase the
total consumer surplus, although it harms the dominant retailer and the monopolistic manufac-
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benefits the monopolistic manufacturer.
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1 Introduction

Retailers use price promotions as both diieimsive mechanism to attract competitors’ customers
and a defensive strategy to retain current customers (Gupta, 1988; Inman and McAlister, 1993;
Raghubir et al., 2004; Srinivasan et al., 2004; Talukdar et al., 2010). As reported in Talukdar
et al. (2010, p.336), according to tfRromotion Marketing Associationn 2004, US retailers
across all product categories spent about $429 billion in such promotions; a more recent estimate
by ACNielsen (2007) suggests that promotional sales account for as much as 36% of total grocery
sales.

One particularly popular price promotion used by retailers is the “loss-leader (or below-cost)
pricing,” which refers to setting retail prices for the selected items at or below retailers’ respective
marginal costs (Walters and MacKenzie, 1988). Price promotions through loss-leader pricing draw
some profitable shoppers who would otherwise shop at competitors’ stores. Those promotions
also draw unprofitable shoppers who only buy promoted items, as confirmed by recent empirical
research (Gauri et al., 2008; Talukdar et al., 201.0).

While loss-leader pricing is an important promotion strategy in the retail sector, several coun-
tries have adopted resale-below-cost (RBC) laws, which prevent retailers from setting resale prices
below purchase pricés.In Germany, for instance, RBC laws forbid retailers from setting resale
prices below purchase prices for extended periods and allow for private enforcement in the case of
a defendant with a dominant positi@nSimilarly, in the US, several states have sales-below-cost

motor fuel laws that typically outlaw the selling of motor fuel (gasoline) at retail prices below cost

1The dfectiveness of loss-leader promotions is empirically unclear. Walters and Rinne (1986) show that certain
portfolios of products promoted as loss leaders have a greater impact on starestt@re sales, and deal sales than other
product portfolios, with no significant impact on retailer profits. Walters and MacKenzie (1988) also find a significant
impact of loss leaders on store fiita and store sales, but only two (out of eight) of their categories had significant
effects on store profits—one positive and one negative. Recent empirical research does not supfiectitemess of
loss-leader promotions either (Srinivasan et al., 2004; Ailawadi et al., 2009).

2The OECD Roundtable on Predatory Foreclosure identified that Ireland, France, and Germany have stringent RBC
laws (OECD, 2007). Besides these nations, in the EU, RBC laws exist in Belgium, Hungary, Italy, Luxembourg, Portugal,
Spain, and Greece. In the US, although a federal RBC law has not been adopted, many states have RBC laws either
applying to all retail products or to specific goods such as gasoline or dairy products (Allain and Chambolle, 2011).

3Walmart's troubles in Germany are blamed on regulations forbidding Walmart to institute its usual loss-leader strat-
egy for common grocery products such as milk and eggs. The German Supreme Court held that Germany's RBC prohi-
bition applies regardless of any harm to competition from the RBC prices and that being a large firm relative to small and
medium size competitors is Sicient to show that it has “superior” market power (OECD, 2007).



(Skidmore et al., 2005).

However, in spite of the prevalence of RBC laws, these regulations have been the subject of
a heated debate in the area of competition policy. For example, OECD (2007) argues that RBC
laws are likely to protect irféicient competitors and harm consumers. In fact, the existing empirical
literature on sales-below-cost laws in gasoline retailing has mixed results. Although most studies
show that these laws are associated with higher gasoline prices (e.g., Anderson and Johnson, 1999),
several recent empirical studies show that the laws actually lower average gasoline prices (Skidmore
et al., 2005; Carranza et al., 2009).

By considering the practical importance of loss-leader promotions, we need to understand how
such promotions influence firms’ pricing strategies, and how banning RBC influences consumer
welfare and firms’ profitability including that of retailers and manufacturers. Therefore, we inves-
tigate a linear city (Hotelling) model with two asymmetric retailers, each carrying two products,
and with heterogenous consumer groups. One of the products is produced by a monopolistic man-
ufacturer and the other, by a competitive fringe whose wholesale price is set at its marginal cost.
Retailers are asymmetric in terms of bargaining positions over the monopolistic manufacturer. The
“dominant” retailer can procure the good at the wholesale price equalized to the manufacturer’s
marginal cost, but the “weak” retailer must procure at the wholesale pfiieeed by the manufac-
turer in a take-it-or-leave-it mann@iConsumer groups are heterogenous in terms of the number of
products they need and per distance transportation costs. The first heterogeneity means that con-
sumers in one group need two products, although those in the other group need only one of the two
products. These heterogeneities generate below-cost prices as in DeGraba (2006) and Azar (2010).

In this basic setting, we first show that when it is legally permitted, below-cost pricing can

appear as an equilibrium pricing strategy of both retailers and that the weak retailer, which must

4The debate over whether to adopt or overturn sales-below-cost restrictions in gasoline retailing is ongoing (Eckert,
2013).

SWe briefly discuss the relationship between their results and ours later in this section.

5This assumption reflects the dispute in Germany mentioned in the previous paragraph. That is, we capture a situation
in which large retailers have strong bargaining positions, unlike small and medium size retailers. This assumption also
captures the US gasoline market in the previous paragraph. That is, we capture a situation in which large retailers are
integrated with gasoline wholesalers, which leads to lower internal transfer prices, although small and medium size
retailers are independent from those gasoline wholesalers.



procure one of the goods at a higher wholesale price, is more likely to adopt that strategy. We next
investigate how a ban on below-cost pricirfteats the firms’ behaviors and show that the ban can
decreasdhe retailers’ prices in equilibrium. We also show that the ban always improves the total
consumer surplus and can benefit the weak retailer, although it always harms the dominant retailer
and the monopolistic manufacturer.

Our results using the basic model are related to the empirical findings in the studies by Skidmore
et al. (2005) and Carranza et al. (2009), which are based on theoretical predictions in which below-
cost laws can encourage market entry and lead to reduced retail pGéégmore et al. (2005) show
that these laws in the US retail gasoline market lower average gasoline prices, in part by increasing
the number of gasoline outlets. Carranza et al. (2009) show that below-cost regulation imposed
in the retail gasoline market in @bec led to more competition, lower prices for consumers, and
lower productivity. Our study theoretically shows that a weak retailer benefits from the ban on
below-cost pricing, which implies that the ban improves the survival rate of weak retailers. Our
study result is related to the empirical findings in the two studies and might also imply that such
bans worsen thefigciency in retail markets because the weak retailer’s marginal cost that includes
its wholesale price are higher. Our study also shows that such a ban can decrease retail prices even
though the number of retailers is exogenously fixed. Therefore, we believe that our study provides
another explanation to the empirical findings in the two studies mentioned above, which is useful
when setting competition policy.

Further, we extend our model to a setting in which the weak retailer is horizontally separated,
thus eliminating the possibility that the separated retailers employ below-cost pricing. This ex-
tended model capturers a case in which a big-box retailer (the dominant retailer in our model)
competes with a shopping mall organized by independent retailers (the separated weak retailers in
our model). We show that the ban increases the price of the loss-leader product over most of the
parameter range, although the change in the price of the product competing with the loss-leader
product depends on the exogenous parameters. We also show that the ban improves the total con-

sumer surplus and benefits the monopolistic manufacturer and the weak retailer trading with it,

"The outcomes derived from their theories are similar, although the theories in the two stfdielsatn each other.
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although the ban can harm the other weak retailer and the dominant retailer. That ifethe e
of the ban on the profitability of the manufacturer also depends on the retailer-level organizational
structure.

Our results have a managerial implication for manufacturers in the context of vertical channels.
In our study, the (weak) retailer trading with the monopolistic manufacturer benefits from a below-
cost law, which implies that the law stabilizes the weak retailer as a distribution channel because
the benefit from the law improves the financial stability of the weak retailer. This stability improve-
ment, in itself, benefits the monopolistic manufacturer as well as the weak retailer. However, the
relationship between imposing the law and the profitability of the monopolistic manufacturer de-
pends on whether its product is used as a loss-leader product; in other words, it depends on whether
its product is used as a tool to increase storfitrén its trading retailer. Our results imply that
when sales managers in manufacturing companies choose retailers, they need to consider not only
the regulatory environment in the market but also the pricing strategies of retailers.

Among the theoretical studies that explain the mechanisms of loss-leader promotions (Hess and
Gerstner, 1987; Bliss, 1988; Bagwell and Ramey, 1994; Lal and Matutes, 1994; DeGraba, 2006;
Azar, 2010), Innes and Hamilton (2009) show the market condition in which loss leadership can
appear in the context of vertical restraints. The main concern of their study is to investigate how
resale price maintenance (RPM) imposed by a monopolistic manufacturer on two competing sym-
metric retailers fiects the equilibrium prices of those retailers trading two products including that
of the manufacturer and the welfare property in equilibrium. They do not consideffdw ef
banning below-cost pricing and retailers’ asymmétigeveral recent studies discuss tifieet of
banning below-cost pricing. Chen and Rey (2012) analyzeffeeteof banning below-cost pricing
under asymmetric retail competition with general demand structures, although they ignore the in-
teractions between retailers and their suppliers; von Schlippenbach (2008) constructs a downstream
monopoly model in which an upstream supplier produces a core product and competitive fringe

suppliers produce complements to the core product. Teete of RBC laws in her model are

8Rey and Verg (2010) investigate how RPM can be used by duopoly manufacturers to control the retail pricing of
duopoly retailers. They show that combining two-partffarwith RPM can eliminate both interbrand and intrabrand
competition and generate industry-wide monopoly pricing.
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similar to that in our model, although her model cannot investigate asymmgéitseof RBC laws
on heterogenous retailers. Allain and Chambolle (2011) investigatefdrt of RBC laws in the
context of the vertical restraints discussed in Innes and Hamilton (2009).

Our study is also in line with game-theoretical analyses on marketing channels (Jeuland and
Shugan, 1983; McGuire and Staelin, 1983; Coughlan, 1985; Moorthy, 1988; Choi, 1991; Chu and
Desai, 1995; Lal and Narasimhan, 1996; Lee and Staelin, 1997; Purohit, 1997; Kim and Staelin,
1999). We incorporate power asymmetry between retailers as in Geylani et al. (2007). Existing
marketing literature also considers power within the channel—for instance, Butaney and Wortzel
(1988), Messinger and Narasimhan (1995), Bloom and Perry (2001), Banks et al. (2002), and lyer
and Villas-Boas (2003). Raju and Zhang (2005) and Dukes et al. (2006) also investigate asymmetric
channel relationships in retail competition. Raju and Zhang (2005) investigate how a manufacturer
can best coordinate a channel in the presence of a dominant retailer. Dukes et al. (2006) focus
on characterizing the impact of asymmetric retailing costs on wholesale bargaining and on profit
distribution.

The rest of this paper is organized as follows. In the following section, we set up the model. In
Section 3, we derive the equilibrium pricing of each firm when below-cost pricing is feasible and
when a ban on below-cost pricing is introduced. In Section 4, we compare the equilibrium with and
without the ban and explore thé&ect of banning below-cost pricing. In Section 5, we analyze the
extended model where the weak retailer is horizontally separated. Finally, in Section 6, we present

concluding remarks. Proofs of all propositions are provided in Appendix A.

2 The Model

There are two downstream retailers, two upstream manufacturers, and two goods. While good 1 is
supplied to both retailers by a monopolistic manufacturer, good 2 is supplied to both retailers by a
competitive fringe. The marginal production cost of each good is constant and denatgdnny

Cy, respectively. For simplicity, the retailers’ marginal costs of retailing are assumed to be zero.

9The Mathematicdiles used to obtain the results in this paper are available from the authors upon request.



In the downstream market, we adopt a standard Hotelling framework (Hotelling, 1929), with
two retailers located at the endpoints of the unit interval. Each retailer purchases both goods 1 and 2
from upstream manufacturers and sells them to consumers. In addition, as in Geylani et al. (2007),
we assume that the two retailers are asymmetric with respect to the monopolistic manufacturer’s
control over its wholesale prices. One retailer is a “dominant” retailer (denotB), land therefore,
the manufacturer must set the wholesale price to this retailer at its marginal cost level, that is,
wip = €1. However, the other retailer is a “weak” retailer (denotedM)y and the manufacturer
can dfer a take-it-or-leave-it wholesale prieayy. As for good 2, the competitive fringe sets the
wholesale prices to both retailers at its marginal cost level, thapis= wow = . We assume that
retailerD (W) is located at the left (right) end of the unit interval. The price set by retia#eb, W
for goodk = 1, 2 is given agy;. Figure 1 illustrates the industrial structure of our model explained

here.
[Figure 1 about here.]

In the downstream market, there are two types of consumers: type R.anghe 2 consumers
purchase only good 2 and have a masgd of 0. TypeB consumers purchase both goods, 1 and
2, and have a mass that is normalized to 1. Each type of consumers is assumed to be uniformly
distributed on the unit intervaP. In order to travel to either retailer, consumers must incur a linear
transportation cost for the distance traveled. While the cost per unit of distance for type 2 consumers
is t, that for typeB consumers ig. The transportation cost of a type 2 consumer locatedistx
if he/she purchases good(s) from retaileor t(1 — X) if he/she purchases good(s) from retaleér
Similarly, the transportation cost of a tyBeconsumer located atis Tx if he/she purchases good(s)
from retailerD or r(1 — X) if he/she purchases good(s) from retalér

Type 2 consumers purchase one unit of good 2 from one of the retailers. SimilarlyBtype
consumers purchase one unit of both goods from one of the retailers. We assume ttHat type

consumers do not split purchases betwediedint retailers! Therefore, each consumer purchases

0We do not consider “type 1” consumers who purchase only good 1. If the population of type 1 consumers is smaller
than that of the other two types, adding type 1 consumers to the model does not alter our main results qualitatively.
1This is because the cost of standing in a checkout line and searching for goods is relatively larger than the traveling



from the retailer for which the sum of the retail prices and the transportation cost is lower. The sum

of those costs incurred by a type 2 consumer is given as

tX + pPop, if buying from retailerD, (1)
t(1 - X) + paw, if buying from retailerw.
The sum of those costs incurred by a typeonsumer is given as
TX+ P1p + P2p, if buying from retailerD, @)
7(1 - X) + paw + paw, if buying from retailerw.

The game runs as follows: First, the monopolistic manufacturer sets the wholesalevpgicégr
retailerW. Note that the rest of the wholesale prices are set at the manufacturers’ marginal cost
levels. Second, given the wholesale prices, the retailers set the retail pridéss 1,2,i = D, W),

in the downstream market. Finally, following ftier preference, each consumer purchases good(s)

from either retailer.
3 Equilibrium

In this section, we derive the equilibrium pricing of the monopolistic manufacturer and the retailers.
In Section 3.1, we first explore the case where downstream retailers can set their retail prices freely.

Then, in Section 3.2, we analyze the case when the ban on below-cost pricing is introduced.
3.1 When below-cost pricing is feasible

In this subsection, we derive the equilibrium wholesale and retail prices when downstream retailers
can adopt below-cost pricing. Because each type of consumers purchases one good or two goods
from the retailer that minimizes the total cost, there is a consumer who i$aretit between the

two retailers. Letx; € [0, 1] represent the location of the iffiirent consumer of type 2. From (1),

X2 is given as follows:

_ _ _ 1 -
Pop + X = pow + (11— X2) & X2=§+p2W2—tp2D- (3)

cost.



Similarly, for type B consumers, from (2), the location of the ifidrent consumexg € [0,1] is

given by

vz — _ 1 + - -
P10+ P20 + X8 = Paw + Pow + (1= Xg) & Xg =5+ Piw pZWZT Pio P (g

Therefore, given the wholesale prices, the dominant and weak retailers simultaneously choose their

retail prices to maximize the following profits, respectively:

IIp = (P1p + P2bp — Wip — W2p)Xg + (P2p — Wap)AX2, (5)

Hw = (Paw + Paw — Wiw — Waw)(1 — XB) + (Paw — Wow)A(1 — X2). (6)

From (5), we have the following first-order conditions for the dominant retailer:

ollp (1  piw+ Pow—Pio— P2p)  Pip + P2 —Wip —Wap _
P (2 ’ 2r ) 2r =0 ()
ollp _ (1 Paw+Paw—P1o — P2p) _ P1p + P2p — Wap — Wep
dpo  \2 2t Vag
1 pw-—po\ A(P2o—Wop)
+A4 (§ + o ) o =0. (8)

From (6), the first-order conditions for the weak retailer are the same as (7) and (8) with the sub-
scriptsD andW reversed. Then, by solving these four first-order conditions, we have the following

retail prices for the given wholesale prices:

2w
plD:w*‘T—t; P2p = Wop + t; 9)
2w
Piw = WTM+T—U Pow = Wow + t. (10)

The upstream manufacturers decide their wholesale prices anticipating the retailers’ pricing
given by (9) and (10). The competitive fringe prices good 2 at its marginal cost, th&ys=
Wow = Cp. However, while the monopolistic manufacturer sets the wholesale price of good 1 to
the dominant retailer at the marginal cost, thatig; = c,, it offers a take-it-or-leave-it wholesale

pricewsw to the weak retailer in order to maximize the following profit:

I3 = (Wiw — €1)(1 - Xg). (11)



Let my; denote the price-cost margin of gokdor retaileri, that is,mg = pyx — Wy In addition,
we denote with an asterisk)(the equilibrium values when the ban on below-cost pricing is not
imposed. Then, we obtain the following results that show that below-cost pricing can appear as an

equilibrium strategy of downstream retailers.

Proposition 1. When the ban on below-cost pricing is not imposed, both retailers’ price-cost mar-
gins for good 2 are always positive, that is;; > 0 fori = D,W. By contrast, the price-cost

margins of good 1 can be negative when the valug/'bis syficiently small. More precisely,

(@) for 0 < 7/t < 2/3, both retailers’ price-cost margins of good 1 are negative, thatis,< 0

fori =D, W,

(b) for 2/3 < 7/t < 2, only the weak retailer’s price-cost margin of good 1 is negative, that is,

m;, > 0andmj,, <0, and

(c) for 7/t > 2, both retailers’ price-cost margins of good 1 are positive, thatig, > 0 for

i=D,W.
[Figure 2 about here.]

Figure 2(a) summarizes the results of Proposition 1. These results suggest that the retailers
may set the price of good 1 below the wholesale price in equilibrium when below-cost pricing is
feasible. This is due to the existence of tfpeonsumers who purchase both goods at either retailer.
Since typeB consumers care about the sum of both goods’ prices, the retailers can attract them by
lowering either the price of good 1 or the price of good 2, as in the models of DeGraba (2006)
and Azar (2010). Lowering the price of good 1 does rtac the profits from type 2 consumers,
although lowering the price of good 2 reduces those profits. Therefore, it is more attractive for the
retailers to lower the price of good 1. In particular, whehis suficiently small ¢/t < 2), type 2
consumers are so price inelastic that the retailers can charge a high markup on good 2, which is too
high from the perspective of tyf@consumers. Therefore, it is optimal for the retailers to make the
price-cost margin on good 1 negative to attract tamnsumers, while charging a high markup on

good 2.



In addition, in equilibrium, the monopolistic manufacturer sets the wholesale price for the weak
retailer higher than for the dominant retailer (that,, > w5 = c1). Therefore, the weak retailer
is more likely to price good 1 below cost than the dominant Bnim fact, some survey evidence
suggests that small stores are just as likely as large stores to find it advantageous to employ below-

cost pricing as a marketing tool in order to generate stofea@®ECD, 2007).
3.2 When below-cost pricing is banned

Next, we explore the equilibrium pricing of the upstream monopolist and downstream retailers
when below-cost pricing is banned. When a ban on below-cost pricing is introduced, each retailer
cannot price its goods below the wholesale prices at which it procures the goods. Therefore, given
the wholesale prices, the dominant and the weak retailers, respectively, choose their retail prices in
order to maximize (5) and (6) under the constraints tagt> Wip and prw > Wiw for k = 1, 2.

Anticipating the retail pricing, the upstream manufacturers set their wholesale prices as in the
previous subsection. Since good 2 is supplied competitively, its wholesale prices for both retailers
are set at the marginal cost level. However, for good 1, the upstream monopolist chooses its whole-
sale price for the weak retailer to maximize its own profit given by (11), while setting the wholesale
price for the dominant retailer at its marginal cost.

As shown in Proposition 1, even though the ban on below-cost pricing is inactive, the retailers
never set the prices below their wholesale prices whér 2. Therefore, when/t > 2, the ban is
not binding, and it fiects neither the retail nor wholesale pricing in equilibrium. On the other hand,
whent/t < 2, the retailers have incentives to adopt below-cost pricing. Therefore, the retailers’ and
manufacturers’ equilibrium prices will alter by introducing the ban on below-cost pricing.

Let variables with a tilde~{) denote equilibrium values when below-cost pricing is banned.
Then, the following proposition summarizes the equilibrium retail pricing under a ban on below-

cost pricing.

Proposition 2. When the ban on below-cost pricing is imposed, both retailers’ price-cost margins

12In Section 5, we consider an extended model where the weak retailer is horizontally separated. In that setting, only
the dominant retailer can adopt below-cost pricing in equilibrium, as in Chen and Rey (2012). See Section 5 for details.
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of good 2 are always positive, that iy > O for i = D,W. On the other hand, the price-cost

margins of good 1 can be zero whetft is syficiently small. More precisely,

(a) for 0 < 7/t < T, both retailers’ price-cost margins of good 1 are zero, thatfs, = O for

i=D,W,

(b) for T < 7/t < 2, only the weak retailer’s price-cost margin of good 1 is zero, thatis, > 0

andmyy = 0, and

(c) for r/t > 2, both retailers’ price-cost margins of good 1 are positive, thatfig, > 0 for

i=D,W,
where the exact expression fbiis derived in the Appendix.

Figure 2(b) illustrates the results of Proposition 2. Proposition 1 shows that rétésigrice-
cost margin of good 1 is smaller than that of retallerThe pricing of retaile’V is more likely to

bind the constraint of the ban.

4 The Hfects of Banning Below-cost Pricing

In the previous section, we derived the equilibrium price with and without the ban on below-cost
pricing. In this section, by comparing the results in the previous section, we analyzéeitis of
banning below-cost pricing.

First, we explore theféects of the ban on the wholesale and the retail prices.

Proposition 3. The gfects of banning below-cost pricing on wholesale and retail prices are sum-

marized as follows:
(a) The monopolistic manufacturer's wholesale price always decreases.
(b) Both retailers’ prices of good 1 decrease whehis syficiently large.

(c) Both retailers’ prices of good Bever increaseln particular, they decrease except whefh

is too large.

11



[Figure 3 about here.]

When the ban on below-cost pricing is not imposed, as explained in Proposition 1, the weak
retailer tries to attract consumers away from the dominant retailer by setting the price of good 1 at
a level below the wholesale price. When the ban is imposed, the weak retailer must set the price
of good 1 at least equal to the wholesale price. Anticipating this higher retail price set by the weak
retailer, the monopolistic manufacturer sets a lower wholesale price to mitigate the demand loss of
good 1 distributed by the weak retailer.

Figure 3(a) summarizes théect of banning below-cost pricing on the retail pri¢é8ecause
the products sold by each retailer are complements, an increase in the price of one product is more
likely to decrease the price of the other one. As shown in Figure 3(a), however,withisriarge
(Tp <7/t < T), both py; and p,; simultaneously decrease by banning below-cost pritingve
explain the mechanism beldw.

As for the weak retailer’s pricing of good 1, banning below-cost pricing has two opp@&ittse
While it can lower the price through the reduction of the wholesale price as explained above, it can
also raise the price by preventing the weak retailer from having a negative price-cost margin on
good 1. This trade{® depends on the pricing for good 2. When the ban is imposed, the price-cost
margin of good 1 increases from a negative level to zero, which encourages the weak retailer to
attract consumers of tyg@through a decrease . This incentive to decreageyy is relatively
weaker ag/t is larger, because an increase in the price-cost margin on good 1 through the ban is

relatively smallet® In such a situation, the monopolistic manufacturer must reduce its wholesale

13The exact expressions fa, andT in the figure are derived in the Appendix.

14 similar result is obtained by von Schlippenbach (2008). In her model, the downstream monopolist supplies the
monopolistic manufacturer’s product and complementary products procured from competitive suppliers. Although com-
petitive suppliers’ products are complements to the monopolistic supplier’'s product, a decrease in the price of the mo-
nopolistic manufacturer’s product causes decreases in the prices of those complementary products.

15For T < 7/t < 2, the mechanism behind a decreaseijrthrough the ban is the same as explained below. However,
the reason the ban does ndieat p, is as follows. In this range, it is optimal for the monopolistic manufacturer to set
its wholesale price such that the constraint of the ban for the weak retailer’s price of good 2 is just binding. Therefore,
given the wholesale price set optimally, the constraint of the ban isffeattive, and the equilibrium retailers’ responses
are given by (9) and (10).

16This can be also confirmed from the Kuhn-Tucker conditions derived in the Appendix. From (29) and (30), the best
response price of good 2 for retaildf can be derived ap,w = (pP2o + t + C2)/2 — tuw/A, whereuyy is the Lagrange
multiplier of retailerW's maximization problem. The Lagrange multipligy is decreasing irr/t and it is equal to zero

12



price significantly in order to maintain the demand for good 1 distributed by the weak retailer.
Therefore, whenr/t is large, the fect of the reduction of the wholesale price dominates the other
one, and then, the ban decreases the weak retailer’s prices of both goods. In addition, because
of strategic complementarity between both retailers’ pricing, the dominant retailer’s prices of both
goods also decrease through the ban.

Next, we consider thefiects of banning below-cost pricing on the profits of the monopolistic

manufacturer and downstream retailers.

Proposition 4. The gfects of banning below-cost pricing on firms’ profits are summarized as fol-

lows:
(a) The monopolistic manufacturer’s profit always decreases.
(b) The dominant retailer’s profit always decreases.
(c) The weak retailer’s profit increases whert is syficiently large.

These results are illustrated in Figure 3tb)The ban prevents the weak retailer from setting
the price of good 1 at a below-cost level, which makesfiialilt for the monopolistic manufacturer
to set a higher wholesale price. This reduces the profit of the monopolistic manufacturer. The ban
lowers the prices of good 2, which lowers the profits of the retailers from type 2 consumers. The
lower 7/t is, the stronger is the negativéfect, because the relative profitability of the market for
type 2 consumers becomes larger. Because of the negfithet, ¢he ban always reduces the profit
of the dominant retailer. For the weak retailer, however, the negdtieete&oes not always domi-
nate the positiveféect of the decrease in the wholesale price set by the monopolistic manufacturer.
Whenr/t is large, the positivefect can dominate the negative one.

Finally, we analyze how introducing the baffexts consumer surplus. In this study, since

we assume that all consumers are served in equilibrium, consumer surplus for type 2 aBd type

without a ban on below-cost pricing. Therefore, the ban shifts the best response curve downward less significantly when
T/tis large.
In the Appendix, we explain how to derivig; in the figure.
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consumers are, respectively, given by

% 1
CS; = —/l(f (p2p + tmM)dm+ f (p2w + t(1 — m))dm], (12)
0 X2
X8 1
CSg = —fo (p1p + Pop + TM)dmM— f_ (Pww + paw + 7(1 - m))dm (13)

The total consumer surplus is given 6% = CS; + CSg. Then, we have the following results on

the dfects of banning below-cost pricing on consumer surplus.

Proposition 5. The ¢gfects of banning below-cost pricing on consumer surplus are summarized as

follows:

(a) Banning below-cost pricing never harms type 2 consumers. In particular, it benefits them

except when/t is too large.
(b) Banning below-cost pricing benefits tyBeonsumers whetyt is syficiently large.
(c) Banning below-cost pricing always increases the total consumer surplus.

These results are also summarized in Figure 3(c). As shown in Proposition 3, when the ban
is imposed, the prices of good 2 set by both retailers do not increase and, in particular, decrease
whent/t is not large enough. Therefore, the ban at least does not harm type 2 consumers, who
purchase only good 2, and can benefit them through a decrease in the price of good 2. By contrast,
type B consumers, who buy both goods, can be hurt by the ban, which directly eliminates the
below-cost prices of good 1. Wheris relatively smaller tham (r/t is smaller than 1), attracting
type B consumers is relatively easy for each retailer because those consumers are relatively price
elastic than type 2 consumers. To do so, controlling the price of good 1 is relatively useful for each
retailer to attract typ® consumers. The ban restricts the retailer’s pricing for good 1, which leads
to increases in those prices. As a result, the restriction mitigates competition between the retailers

to attract typeB consumers, which increases the total payment of those consumers.
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5 Extension: A Big-box Retailer vs. a Shopping Mall

In the basic model, we assumed that each retailer sells both goods, and this assumption enables both
retailers to engage in below-cost pricing. How does the equilibrium property change if we assume
that the weak retailer is separated? In this section, we extend the basic model and investigate how

the structural change of the retail sectéieats the &ect of banning below-cost pricing.
5.1 The extended model

We consider the case where the dominant retailer competes with two weak retéfleasndW2,

who carry good 1 and 2, respectively (see Figure 4). We interpret the group of the separated weak
retailers as a shopping mall, which competes with a big-box ret&iler.this setting, since each

weak retailer carries only one brand, it cannot set below-cost prices, which always lead to negative
profits. However, the dominant retailer sells both brands and can engage in below-cost pricing, as
in the basic model. As shown below, this structural change of the retail sector drastically alters the

effect of banning below-cost pricing.
[Figure 4 about here.]
The profits of the separated weak retailers are, respectively, given as follows:

w1 = (Paw — Waw)(1 - Xg), (14)

w2 = (Paw — Waw)((1 = Xg) + A(1 - X2)). (15)

Note that each weak retailer does not internalize fifieece of its own pricing on the other weak
retailer through the behavior of tyf& consumers. The profits of the dominant retailer and the
monopolistic manufacturer are the same as in the basic model and represented by (5) and (11),

respectively. The timing structure of the game is also the same as in the basic model.

18The case discussed here is also related to a case in which one manufacturer sets up a store-within-a-store, and the
retailer buys the other’s product at a wholesale price and sells it at a marked-up retail price (Jerath and Zhang, 2010).
The separated retailer trading with a competitive fringe is related to a manufacturer within a store and that trading with
the monopolistic manufacturer is related to the retailer buying the other manufacturer’s product at a wholesale price.
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As mentioned above, in this extended model, only the dominant retailer can set below-cost
prices in equilibrium. Figure 5 illustrates the equilibrium price-cost margin of good 1 set by the
dominant retailer with and without the ban on below-cost pri¢thgVhen below-cost pricing is
legally permitted, the dominant retailer sets the price of good 1 below the wholesale pritésif
suficiently small. The intuition behind this result is the same as in the basic model. By contrast,
when the ban is imposed, it is binding in the parameter range where the dominant retailer engaged
in below-cost pricing without the ba. In the relevant range of parameters, the dominant retailer
sets the price of good 1 equal to the wholesale price, and theffentsathe prices, profits, and
consumer surplus in equilibrium, as summarized in Figue\dle examine each of thesffects in

detail below.
[Figure 5 about here.]

[Figure 6 about here.]

The dfect of the ban on prices The ban increasegp for most of the cases where the ban is
binding for the dominant retailer in equilibrium. Obviously, this is because the ban prevents the
dominant retailer from setting the price of good 1 below the wholesale wicé, The constraint
on pip has a direct negative impact @ap.

Next, we consider thefiact of the ban on the monopolistic manufacturer's wholesale pricing.
We call the weak retailer trading with the monopolistic manufacturer and the other weak retailer “the

trading weak retailer” and “the outside weak retailer”, respectively. From (11), the monopolistic

¥Proofs of all results in this section are provided in Appendix B.

20 According to Figure 5, the ban is binding even in the parameter range where the dominant retailer does not engage
in below-cost pricing without the ban (i.€¥ < 7/t < T#). In this range, under the ban, the monopolistic manufacturer
sets a lower wholesale price in order to induce the weak retailer to degogaseSince the dominant retailer cannot
reducep;p belowc; in response to the decreasepiyy owing to the ban, the monopolistic manufacturer can significantly
attract the demand for its product through the weak retailer.

2ln Figure 6, we do not illustrate theffects on the monopolistic manufacturer’s profit and total consumer surplus,
because the direction of thosexts is independent of the parameter values, as explained below.

22Note that forr/t around the threshold value oft in which the ban is binding for the dominant retailer in equilibrium,
pip decreasedy the ban. The reason for this phenomenon is explained in footnote 20.
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manufacturer’s first-order condition is given as

oIl

d(1 - Xg)
anW ’

(9W1W

= (1-xg) + (Waw — C1) (16)

The ban on below-cost pricindgtacts both terms in the right-hand side of this condition.

First, the ban works as a commitment of the dominant retailer t@get c1, which implies
that it becomes the first-mover in the price competition with the trading weak retailer. This also
implies that the trading weak retailer has the second-mover advantage, which increases the demand
from type B consumers for the weak retailers;-2xg. This induces the monopolistic manufacturer
to increase its wholesale price for the trading weak retailer.

Second, the price commitment has anoth@ea on the competition between the dominant
retailer and the trading weak retailer. Under the ban, the dominant retailer cannot reduce its price of
good 1 in response to a decrease in the trading weak retailer’s price. Therefore, the ban changes the
strategic interaction between them from strategic complements to strategic independence, which
means that a decrease in the trading weak retailer’s price attracts the demand for it more than the
case without the ban. In other words, the elasticity of demand for this retailer, which is correlated
to d(1 — xg)/dwyw, becomes higher. Thidfect gives the monopolistic manufacturer an incentive
to decrease its wholesale prite.

The relative scale of these twéfects depends oryt. Whenr/t is small, the first fect is large
enough to dominate the secorfteet. However, when/t is large, while the secondfect remains
effective, the first ffect becomes sliciently small because an increasepqp through the ban is
very small. Therefore, as illustrated in Figure 6(a), the ban increases (decreageshent/t is

small (large).

The dfect of the ban on profits The ban always benefits the monopolistic manufacturer and the

weak retailer trading with it because the dominant retailer becomes less aggressive in the pricing

23To be precise, there is anothefezt of the ban that counteracts the price-commitméieceexplained in this para-
graph. Under the ban, since the dominant retailer cannot guijpifiexibly, it responds to a decreasepy by decreasing
p2p more aggressively than the case without the ban. Titesemakes the demand for the trading weak retailer less elas-
tic and gives the monopolistic manufacturer an incentive to increggeHowever, since thisféect is relatively weaker
than the price-commitmentfect explained in this paragraph, the overdiéet of the ban on the demand elasticity tends
to reduceny.
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of pip. The other weak retailer also benefits from the ban if and only if its retail price increases in
equilibrium.

As regards the dominant retailer’s profit, Figure 6(c) shows that fileeteof the ban is non-
monotonic int/t. Behind this result, there are threffexts of the ban on the dominant retailer’'s
profit. First, the ban restricts the scope of the dominant retailer to control demand for the goods
through a change ipip because it cannot spip at a below-cost level. This loss of flexibility hurts
the dominant retailer, and thistfect is stronger as/t is smaller because the below-cost pricing is
more valuable.

Second, as explained above, the bfinas the wholesale price of good 1 for the weak retailer.

In particular, wherr/t is large enough, the ban reduces the wholesale price, which gives the weak
retailers a competitive advantage vis-a-vis the dominant retailer.

Third, since the ban works as a commitment of the dominant retailer fmset ci, this can
mitigate the price competition and benefit the dominant retailer. The strength off#tsie non-
monotonic inr/t. Whenr/t is nearly equal to the threshold value, thifeet does not work because
pip = ¢i is nearly equal to the equilibrium price in the case without the ban. On the other hand,
when the value of/t is small enough, thisfect does not work, because a smdll implies high
elasticity of typeB consumers’ demand. Therefore, thifeet is strong for an intermediate range
of 7/t.

These threeféects produce the result in Figure 6(c). Whef is suficiently small or large,
since the first or secondfects become dominant, the ban hurts the dominant retailer. However,
whenrt/t falls within an intermediate range, the thirffext dominates the otheffects and the ban

benefits the dominant retailer.

The dfect of the ban on consumer surplus The ban always increases the total consumer surplus,
which seems similar to the result in the basic model. The main factor behind the welfare property

is decreases in the prices of good 2.
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5.2 Discussion

When compared to that of the basic model, the results in this section imply thafféloés eof

banning below-cost pricing on the prices and the profits of each firm crucially depend on the down-
stream market structuré. As discussed in the Introduction, the existing empirical literature has
mixed results on theftects of (banning) below-cost pricing on the prices and retailers’ profits. In
addition, there are also mixed empirical or anecdotal evidences on whether (banning) below-cost
pricing benefits or hurts the upstream manufacturers. On one hand, Srinivasan et al. (2004) show
empirical findings that price promotions have a predominantly positive impact on manufacturer
revenues. On the other hand, it is also observed that manufacturers sometimes object to loss-leader
pricing on the ground that competition between retailers can bring pressure on the manufacturers to
lower the wholesale price’s. Our findings could be one possible explanation for these seemingly

contradictory observations.

6 Conclusion

This study analyzed below-cost pricing by retailers and theces of resale-below-cost laws that
prohibit retailers from pricing their goods below wholesale prices. The key feature of our model
is the power asymmetry between retailers. One retailer (weak retailer) does not have bargaining
power over a monopolistic manufacturer; the other retailer (dominant retailer) has full bargaining
power over manufacturers, including the monopolistic one.

Under a basic model in which each retailer sells two products including that of the monopolistic
manufacturer, we showed that below-cost pricing could appear as an equilibrium pricing strategy of
both retailers and that the weak retailer is more likely to adopt that strategy. We also showed that

the ban couldlecreasehe prices of the retailers in equilibrium. This result is related to empirical

24In the basic model of previous sections, we assumed that resale-below-cost laws are equally imposed on both dom-
inant and weak retailers. If the laws are imposed only on the dominant retailer because of its strong market power, the
effect of the ban on the monopolistic manufacturer is similar to that in the model of this section. That is, the ban benefits
it.

2SFor example, recently in Germany, the German Farmer Associdlieat§cher Bauernverbahdnd the German
Association of Brand Manufacture®éutscher Markenverbandomplained against below-cost prices by large retailers
(von Schlippenbach, 2008). In addition, Marvel (1994) also reports that manufacturers often object to loss-leader status
because it makes retailers reluctant to order inventories in the presence of demand uncertainty.
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findings (that is, in Skidmore et al., 2005 and Carranza et al., 2009) that are based on theoretical
predictions in which below-cost laws can encourage market entry leading to reduced retail prices.
Our study also showed that the ban could decrease retail prices even though the number of retailers is
exogenously fixed. We therefore believe that our study provides another explanation to the empirical
findings mentioned above.

In addition, we analyzed an extended model in which the weak retailer is horizontally separated.
This extended model captures a case in which a big-box retailer competes with a shopping mall
organized by independent retailers. We found that when a ban on below-cost pricing is binding, the
ban benefits the monopolistic manufacturer and the weak retailer trading with it, although the ban
harms the other weak retailer and the dominant retailer. The result implies théfieitteoé the ban
on the manufacturer’s profitability crucially depends on the retailer’s pricing strategy.

In this study, we employed the Hotelling framework with two multi-product retailers and with
heterogenous consumer groups, as in DeGraba (2006) and Azar (2010). However, some previous
studies use other demand structures to analyze loss-leader pficiNg.leave it for future work
to analyze the retailers’ pricing behavior and tlkeets of banning loss-leader pricing under such

demand structures.
Appendix A: Proofs
Proof of Proposition 1

Substituting wholesale prices (other thagy) and retailers’ responses given by (9) and (10) into

the manufacturer’s profits (11), we have

1 —
Iy = (Wiw —c¢1)| 5 - Taw =) (17)
2 6r
Then, the monopolistic manufacturer optimally sets the wholesale price at
V\fiW =C + 3—27- (18)

28For instance, Innes and Hamilton (2009) use the Hotelling-type spatial competition model combined with the demand
functions derived from a quasi-linear utility function. Allain and Chambolle (2011) use a linear demand framework
developed by Dobson and Waterson (1996), which captures both interbrand and intrabrand competition.
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From (18), the equilibrium retail prices are obtained as follows:

£3 3T £ £3 *
plD:c1+7—t; Piw=Ci+2r—t and p55=p5y =C+t. (19)

For good 2, it is easy to see that; = p5, — c; = t and that both retailers’ price-cost margin is

always positive. On the other hand, for good 1, each retailer’s price-cost margin becomes

" " T_ 2
mlD:plD_C]-:?_tEOC:)?%é’ (20)
o — Q) g — T > T >
mlW_plW—mf{W—é—tzO(:){zZ- (21)
Therefore, we obtain the results in Proposition 1. ]

Proof of Proposition 2

In the following proof, we first derive an equilibrium under a ban, temporarily ignoring the con-
straints for good 2§ > wyi for i = D, W), and later we check that those constraints are certainly
not binding in that equilibrium. Then, the Lagrange functions of each retailer’s profit maximization

problem are as follows:
Lp = (P + P2p — €1 — C2)XB + (P2p — C2)A%2 + up(P1d — C1), (22)
Lw = (Piw + Paw — Wiw — C2)(1 — Xg) + (Paw — €2)A(1 — X2) + pw(pPaw — Waw),  (23)

wherex; and xg are respectively given by (3) and (4), ang anduy are Lagrange multipliers.
Note that we havevip = ¢; andwyp = Wow = Cz by assumption. Then, we have the following

Kuhn-Tucker conditions for the dominant retailer:

0Lp (1 pw+Pw-Pwo—Pp| P+ Pp—-C—C _
FToT (2 ’ 21 ) 2r *io =0, (24)
0Lo _ (1, Paw+P2w—Pwo—Po)_ Po+Pp—C—C
dpp  \2 27 2r
1 paw=-Ppo) App—C2) _
+1 (2 + o ) o =0, (25)

0L
—a D _ pip —C1 =0, (26)

1D

up =0, (27)

up(pip —¢1) = 0. (28)
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Similarly, we obtain the Kuhn-Tucker conditions for the weak retailer as follows:

0Lw (1  pip+P2o— Piw— Paw) Piw + Paw —Wiw — C2
=|—= — = 2
ap1w (2 " 2 ) 2 tuw=0 (29
0Lw _ }Jr Pip + P2p — Paw — Pow)  Piw + Paw — Wiw — C2
dpaw 2 2t 2t
1 poo-paw) Alpaw—C2)
+ /1(2 + o ) o =0, (30)

oL
T W — piw — Wi > 0, (31)

Hw

uw = 0, (32)

pw(Piw = Wiw) = 0. (33)

In the analysis below, we deal with the following three cases separately: (i) both (26) and (31) are
binding; (ii) only (26) is binding; (iii) only (31) is binding. Note that the case where neither (26)

nor (31) are binding corresponds to the analysis without a ban on below-cost pricing in Section 3.1.
Case |: Both (26) and (31) are binding

First, we explore the case where both retailers’ prices of good 1 are bound by the wholesale prices

in equilibrium. From (24), (25), (29), (30), and binding conditions, we have

t(W]_W —CL+ 3(1 + ﬂ)T) /l(t —T+CL— W:I.W)
— . — . — . 34
Pio =C1; P2p =C2+ 30 ) , HD 20+ D) ; (34)
3 . _ t(cr —waw + 3(1+ )7) B At =7+ wpw —C1)
Piw = Wiw;  Paw = C2 + 3+ A7) TVES 20+ A7) (35)

Substituting the above equations into (11), the monopolistic manufacturer’s profit becomes

1 (W]_W - C]_) (t + 311 )
Hll = (Waw - ¢1) 2 67(t + A1)

(36)

The monopolistic manufacturer maximizes this profit under the constraints (27) and (32), which
can be rewritten as; + 7 —t < wpw < ¢1 +t — 7. Note that, in this case, there exists an equilibrium
as long ag — 7 > 0. Assuming an interior solution, we obtain the optimal wholesale price and the

manufacturer’s profit as follows:
3r(t + A1)

At i+ 310 37)

)
Wiw =
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= 3r(t+ A7)

=—— "~ 7 38
17 8(t+ 311) (38)
This is valid as long aw'l(N < ¢ +t — 7, which implies that
T 61-5+ V3612 +121+25
0< T < 181 . (39)
Otherwise, we havw'l;v = c1 +t — 7, and the manufacturer’s profit becomes
—~ 1 t—7)(t+ 31
= (t-1) 1 (t-7(t+31) (40)

2 67(t + A1)

Case II: Only (31) is binding

Second, we focus on the case where only the weak retailer’'s equilibrium price of good 1 is bound
by the wholesale price. Note that, since (26) holds with strict inequality, wedwe0 from (28).

Then, in the same way as in the previous case, from (24), (25), (29), (30), and binding conditions,

we have
T—t+ww-—C t(Cl—Wlw+3(t+T+2/lT))
= ; = ; =0; 41
Pip = C1 + > P2p = C2 + 6+ 1) MD (41)
t(cy —wiw + 3(1+ 7). B ARt - 7) + Waw — C1)

(42)

= W X =C X =
P1w 1w, Paw =C2 + 3+ 1) Hw A+ 10)

Substituting these equations into (11), the profit of the upstream monopolist can be rewritten as

follows:

1 (waw—c)@t+3171) +3r(t— 1)
' = -z - .
1 = Waw =) 2 127(t + A7)

(43)

The monopolistic manufacturer maximizes this profit under the constraints (26) with strict inequal-
ity and (32), which can be rewritten agy > ¢+ maxt—r, 3(r—t)}. Assuming an interior solution,

the optimal wholesale price and the manufacturer’s profit are

W 3r(t(2 - 12) + 317)

M =S Ty 34 (44)
= _ 3T(t(2 - /l) + 3/17')2 (45)
1716t + A0)(2t + 3a7)
This is valid as long ag}, > c; + maxt - 7, 3(r — t)}, which implies that
91-10+ V8M2+601+100 7 B1-2+ V2502+281+4
<-XZ . (46)
301 t 64
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Fort/t > (54-2+ V2512 + 281 + 4)/64, sincel‘['l' is decreasing imvyyw > ¢+ 3(r —t), the optimal

wholesale price and the associated profit are

Wiy, = €1+ 3(r - 1), (47)
~ 3t(r -t
I = (ZT ) (48)

For (31—-4+ V912 + 16)/121 < 7/t < (91— 10+ V8112 + 604 + 100)/304, sincell! is decreasing

inwyy > ¢1 +t - 7, we havew?,, = c1 +t — 7 and

}_G—ﬂﬁ+%ﬂ

m=(t-7|3 6r(t + A7)

(49)
Finally, for 0< 7/t < (31— 4+ V942 + 16)/121, the monopolist cannot earn positive profit for any
Wiw =>C1 +t—1.

Case llI: Only (26) is binding

Finally, we turn to the case where only the dominant retailer’s equilibrium price of good 1 is bound
by the wholesale price. Note that, since (31) holds with strict inequality, wefhaweO from (33).
Then, from (24), (25), (29), (30), and binding conditions, we have

t(wiw — €1 + 3(1+ A)7) A(3(t — 7) + c1 — Waw)
=Cq; =C : = ; 50
Pip=Ci, pPap=C+ 3+ 1) HD A+ 1) (50)
T—t+C1 —Wiw t(waw — €1 + 3(t + 7 + 247)
= : = ; = U 1
P1w = Wiw + > . Paw=Co+ T . uw=0. (51)
Substituting the above equations into (27) and (31) and combining them lead to
Wlw—Cl<T—tS—W1W—_Cl. (52)

3

However, in equilibrium, since the upstream monopolist must set its wholesale price such that
wiw > €1, this inequality cannot hold. Therefore, this case can never happen in equilibrium.
Now, we find the optimal wholesale prices for giveft by comparing the optimal manufac-

turer’s profit derived above in each case.
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(i)

(ii)

(iii)

(iv)

O<7/t<(B1-4+ V912 +16)/121

In this case, the upstream monopolist can earn positive profit only when it chooses the whole-
sale price at which both retailers’ prices of good 1 are bound. Therefore, the equilibrium

wholesale price and monopolist’s profit are given by (37) and (38).

(31— 4+ Vo2 + 16)/121 < 7/t < (91 — 10+ V8L1Z + 601 + 100)/301

In this case, a comparison between (38) and (49) leads to

(2t? + (64 - 5)tr — 9172)?
247t + A7)(t + 317)

m -1 = (53)

Therefore, the equilibrium wholesale price and monopolist’s profit are given by (37) and (38).

(91— 10+ V8112 + 601 + 100)/301 < 7/t < (64 — 5+ V3612 + 121 + 25)/181
In this case, interior solutions (37) and (44) are both valid. Then, by comparing (38) and (45),
we have

I, -l 20 ifandonly if 7/t T, (54)
where

13512 + 901 + 211+ (181 — 29)X1/3 + X2/3
631X1/3 ’

andX = —63V3(1+ 1) V=1621% + 48613 + 15312 + 5041 — 25+ 72913 + 469812 + 28891 +

T=

(55)

3016. In addition, it can be checked tiatatisfies

91-10+ V8112 + 601 + 100 61-5+ V3612 + 121 + 25
<T<
301 - 181

(56)

for all 2 > 0. Therefore, the equilibrium wholesale price and monopolist’s profit are given

by (37) and (38) if (2 — 10+ V8112 + 601 + 100)/304 < 7/t < T, and by (44) and (45) f

T <7/t <(61-5+ V3642 + 121 + 25)/181.

(61-5+ V3612 + 121+ 25)/181 < 7/t < 1

By comparing (40) with (45), we have

(47 + (91 - 10)tr — 1547%)°

o -l =
o 48t (t + A7)(2t + 317)

(57)
Therefore, the equilibrium wholesale price and monopolist’s profit are given by (44) and (45).
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V) 1<t/t<2

In this case, the monopolist can obtain positive profit only when it chooses the wholesale
price at which only weak retailers’ price of good 1 is bound. Therefore, as explained in Case
I, the equilibrium wholesale price and monopolist’s profit are respectively given by (44) and
(45)if1 < 7/t < T, and by (47) and (48) IT < 7/t < 2, whereT is given by

BA—2+ V2512 + 281+ 4

T=
61

(58)

Then, the equilibrium under a ban on below-cost pricing can be summarized as followszJt &
T, both retailers’ prices of good 1 are bound (thatg, = O fori = D, W), and the equilibrium

wholesale and retail prices are calculated as follows:

3r(t+ A7)

Wiw = C1 + m, (59)
o - tr((3 + 2t + A(7 + 6)T
Pip=cC1; P =Co+ ((Z(t - iT)a f 30 ) ); (60)
. r(t+ar),. . tr((1 + 20t + A(5+ 6A)71)
Pw =0+ 5 3 P =2 T+ 3 (61)

If T <7/t <T, only the weak retailer’s price of good 1 is bound (thanigp > 0 andrfiyy = 0),

and the equilibrium wholesale and retail prices are obtained as follows:
3r(t(2— 1) + 317) .

Mw=Gt =3 (62)
_ A% + (10— 9)tr + 15172 t(4t2 + (2 + 152)tr + 3A(1 + 42)7?)
Pio = C1+ A2+ 317) » P =2 A+ D)2t + 310  (63)
- 3rt(2-2) +311) tr((2 + 5t + 31(1 + 22)7)
= : = 4
Pw =0+ o P T T e+ 3 (64)

Finally, if T < 7/t < 2, only the weak retailer’s price of good 1 is bound (thatigp > 0 and

mw = 0), and the equilibrium wholesale and retail prices are given as follows:

Wiw = C1 + 3(r — 1); (65)
Pip=ci+2(r—t); Pp=Ca+t; (66)
Piw=cC1+3(-1); Paw=Co+t (67)

It is easy to see that the prices of good 2 set by both retailers are always above their wholesale

prices, thatisimp; > 0 fori = D, W. This completes the proof of Proposition 2. [ ]
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Proof of Proposition 3

In the following proofs, we definAwyyw = Wiy —

(a) From Propositions 1 and 2, we have

3172 T
- if -<T
t+ 317 |0<t__’
3taAr T =
AWy =470 i T < <T
WE  2@e3n ST
3@-7) if T<L<2

2 t

It is easy to see that we havav;yw < 0 for 0 < 7/t < 2.

(b) For the price of good 1 set by the dominant retailer, we have

Apip =

2= 3 if0<<<T,

2 t =

42 + (31— 2tr - 3a7% . T =

f T<-<T

402 + 317) Ty h

AT if T<Z<2
2 t

w;,, @andApyi = fi - py; fork=1,2,i = D,W.

(68)

(69)

As shown in Figure 3(a), it can be verified thghp > 0 for 0 < 7/t < Tp andAp;p < O for

Tp <7/t <2, where

_31-2+ Vo2 +361+4

To 61

Similarly, for the price of good 1 set by the weak retailer, we have

Apw =

2t? + (61 — 1)tr — 9172

.
fO<-<T

20+ 310) To<i==

412 + (31 - 2)tr — 3272 T =
fT<-<T

22+ 310) Tol<z="h
—(2t-1) ifT<%<2.

(70)

(71)

In the same way as for the dominant retailer’s price of good 1, we can show that we have

Apiw > 0forO< 7/t < TpandApyw < OforTp < 7/t < 2.
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(c) For the price of good 2 set by the dominant retailer, we have

2 _ _ 7142
_t(Zt + 3(21 = Dtr — 7419) fo<” <7,
2(t + AT)(t + 317) t——
2 2
Apap = _ t(4t” + (54 = 2)tr — 347) P T<l< T (72)
4(t + A7) (2t + 317) -t
0 if T< % <2

As shown in Figure 3(a), we can show thgt,p < 0 forO< 7/t < T.

Similarly, for the weak retailer’s price of good 2, we have

2 _ _E3.2
_t(2t + (64 — L)tr — 5117) £ 0<? <7,
2(t + A7) (t + 347) t— —
2 _ _ 2 —
Apow = _ 1(4t° + (54 - 2)tr — 3479 T <’ < T (73)
2(t+ A7) (2t + 317) -t
0 if T< % <2
In the same way as above, it can be verified thady < 0 forO< 7/t < T. [

Proof of Proposition 4
In the following proofs, we definAlls = I1s — IT; for s= 1, D, W.

(a) When below-cost pricing is feasible, the monopolistic manufacturer’s equilibrium profit is

. 3T
Hl = E (74)

On the other hand, when a ban on below-cost pricing is introduced, the monopolistic manu-

facturer’s equilibrium profit is given by

3r(t+ A7) : T
m |f 0< { < I,
= 3r(t(2-A) + 317)% , T =
II; = < 75
Y et m@s) T tsT (79)
3 -1 if T<l<2
2t t
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Then, the &ect of banning below-cost pricing on the monopolistic manufacturer’s profit can

be calculated as follows:

3r? . T

—m if 0< E < I,

—_ t2 — _ _ 2 _

ATl = _3/17'((4 Dte = 2(1- 3)tr — 3419) P T T <7 (76)
16( + A7)(2t + 317) -t
_ )2 _

_m if T < I < 2.

8r t

ForO0< 7/t < T andT < 7/t < 2, itis easy to see that we hat@l; < 0. ForT <7/t < T,
although the expression is a bit complicated, we can also showIhak 0.
(b) Without a ban, the dominant retailer’s equilibrium profit is given by

. MA+9r
D~ 8 . (77)

When below-cost pricing is banned, the profit becomes

tA(3t + 2tA + 747 + 61%7)2

.
if 0 <-<T,
8t + A7)t + 317)2 STes-
— 2 2\2 2 .
Tp = tA(4te + (2 + 150)tr + 321(L + 4)7m)°  7(t(6 + ) + 5A71) i T< <T. (78)
32(t + A7)2(2t + 317)2 32(t + A1)2 -t
2 _ 2 _
te—Atr +tAt + 47 ifT<I<2.
2t t

Although we do not report the full expressionAdflp here, we can show that we hadBlp <
OforO< 7/t < 2.

(c) Without a ban on below-cost pricing, the weak retailer’s equilibrium profit is

MA+T1
. 79
- (79)

Iy, =

When a ban on below-cost pricing is put into force, the equilibrium profit becomes

232
tA(t + 2t + 547 + 62°7) if0<I$T,
8(t + A7)(t + 317)2 t~ —
— 2.2
Ty = tA(2t + 5tA + 341 + 64°7) T T <7 (80)
8(t + A7)(2t + 317)2 -t
Ht + ) it T<><2
2t t
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Because it is a bit messy, we do not provide the full expressia{igj here. From (79) and

(80), as shown in Figure 3(c), we can find a threshgidwhich satisfies

AA+71  tA(2t+ 5t + 37 + 64°7)?
8  8(t+Ar)(2t+3171)2

(81)
and show thatIly = 0 if and only ifr/t 2 Ty. [

Proof of Proposition 5

In the following proofs, we definACS;, = 6§h -CS; forh=2B,T.

(a) From Proposition 3, we havapy < 0if0 < 7/t < T andApys = 0if T < 7/t < 2 for
i = D, W. Therefore, it is straightforward to see that we hA@&S, > 0 for 0 < 7/t < 2 and,
in particular,ACS, > 0if0 <7/t < T.

(b) ForT < 7/t < 2, Proposition 3 shows that we hatg,; < 0 andApy = 0 fori = D, W.
Therefore, it is easy to see that we ha@Sg > 0 for this range. For & 7/t < T, when the
ban on below-cost pricing is not imposed, the typeonsumers’ surplus is

. 31r
CSB = —(C]_ + Cz) - E (82)

On the other hand, when the ban is imposed, we have

— 7((161 + 312 + 12(4 + 7)Atr + 214%7?)

CSe=—(a+c)- 16 + A1)t + 347) : (83)
if0<7/t<T,and
— 7((=A% + 201 + 124%? + 2(111 + 114)t7 + 1031%72)
CSg=- - . (84
B=—(C1+¢) 84+ )2 (84)
if T <7/t <T. Using (82)—(84), we have
2 _ _ 2
_/lT(Zt + (64 — B)tr — 9117) to<” <7,
2(t+ AT)(t + 3171) t— —
ACS8 =\ r(r - (20— )t + 2147) . (85)
if T<-<T.
64 + A1)? -t

As shown in Figure 3(b), we can find a threshold value/osuch thanCSg < 0 if and only
if 7/ts 1.
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(c) From the results in (a) and (b), it is easy to see that we A@&r > 0 for T < 7/t < 2. For

0 < 7/t < T, when below-cost pricing is feasible, type 2 consumers’ surplus is

CSy=-A|co+ 5% (86)
On the other hand, when below-cost pricing is banned, it becomes
CSp = - Ac + t(t + (4 + 1Lt + (3942 + 241 — 1)tr?
+A(454% + 361 — 1)7°)(4(t + A7)(t + 347)7) Y| &7
if0<7/t<T,and
CSp = - A[ca +t(112* + 56(151 + 2)t°r + (204717 + 4281 — 4)t°7?
+ 61(34002 + 891 — 2)tr3 + 912(8042 + 244 — 1)%) (88)

X(64(t + Ar)*(2t + 317)%) 7!

if T <7/t <T. Using (85)—(88), we can obtaikC St for 0 < 7/t < T. Although we do not
report the full expression afCSt here for the sake of brevity, we can show th&Sr > 0

forO<t/t<T. =

Appendix B: Extension

B.1 Equilibrium

When below-cost pricing is feasible

Since the dominant retailer’s profit function is given by (5), which is same as in the basic model,
the first-order conditions for the dominant retailer are given by (7) and (8). On the other hand, from

(14) and (15), the first-order conditions for the weak retailers are given as follows:

Ollwi _ (1  P1p+ P2p — Paw — Pow)  Paw —Wiw _
opw (2 ¥ 2r ) 7 O (89)
Olwz _ (1 P1p + Pop — Paw — Paw ) _ Paw — Waw
Ipaw  \2 27 2t
1 po—paw)  A(Paw —Wow)
+ 4 ( > + o ) o =0. (90)
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By solving these four first-order conditions and substituting = c1 andwyp = Waow = C2, We

have the following retail prices for givemy:
3(waw — c1)(t + A1) — A2 + 972 + tr(7 — 64)

P1p = €1+ 8L+ Oir
t(4t + 3t + 917 — -C
0D = Cp + (4t + T+8t 7 — (Wiw 1))’
+9Ar (91)

o, B — )+ A7) + 3r(t2 - ) + 34)
Piw = €1 8t + 91t ’

_ t(37(2 + 31) — 2(Wrw — C1))
Paw = C2+ 8t + 91t '

The monopolistic manufacturer choosesy to maximize its own profit, taking into consideration
the above retailers’ responses. Substituting the above retail prices into the manufacturer’s profits

(11), we have

1 (2t+3ar)(Wiw — C1) + tr(2+ 31)
s = _ - ) 92

1= Waw - {5 16tr + 18172 (92)

Then, the monopolistic manufacturer optimally sets the wholesale price at

3r(2t — t1 + 317)
Wi = 93
1 CLt 4t + 6AT ’ (93)
and its equilibrium profit becomes
_ 2

. 9r(t(2-2) + 3a1) (94)

17 8(8t + 947)(2t + 347)°

In addition, by substituting (93) into (91) and (92), we obtain the equilibrium retail prices as follows:
—16t3 + t2(46 — 572)7 + 3t(41 - 150) 7% + 811273

p;D =C1 +

2(2t + 347)(8t + 917) ’
i t(16t% + 3t(2 + 2107 + 9A(1 + 62)72)
Pop =C2+ ;
2(2t + 327)(8t + 9171) (95)
f e 3r(5t2(2 — 1) + 3t(9 — 22) A7 + 181%7?)
Paw = &1 (2t + 3A7)(8t + 917) ’

f et 3tr(t(2+ 742) + 3(1+ 32) A7)
Paw = €2 (2t + 317)(8t + 947)
For good 2, it is easy to see that both retailers’ price-cost margin is always pasijive p;; — ¢, >

0. On the other hand, for good 1, the dominant retailer’s price-cost margin becomes

= b o = 160+ t5(46-57)7 + 31(41 - 154)Ar° + 8L ©6)
10 = Pio ~ &L= 2(2 + 317)(8L + 947 :

Let T® denote the threshold value oft at which we haven;, = 0. As drawn in Figure 5, we have

m;, < Owhenr/t <T°

32



When below-cost pricing is banned

In the extended model, since each weak retailer carries one good, it cannot set the price of its good
below the wholesale price. Therefore, only the dominant retailer can engage in below-cost pricing
in the equilibrium. In the following proof, we first derive an equilibrium under a ban, temporarily
ignoring the constraints for good PA4 > wop), and later we check that this constraint is certainly
not binding in that equilibrium. Then, the Lagrange function and Kuhn-Tucker conditions for the
dominant retailer are given by (22) and (24)—(28), respectively. On the other hand, the first-order
conditions for the weak retailers are given by (89) and (90).

When the dominant retailer’s prices of good 1 is bound by the wholesale price in equilibrium,

from (24), (25), (29), (30), and binding conditions, we have

t((Waw — C1)(t + A7) + (t(5 + 42) + (7 + 6)AT)7)

Pio =€ Po =G+ 2+ A0)(2t + 317) ©7)
_ 3(Wyw + 7)(t + A7) + Cy(t + 347) |
B 2(2 + 317) ’ (%8)
B+ 4 + (54 6D)AT)T — (Waw — Cr)(t + A7)).
Paw = G2 + 2+ )2t + 317) ! (%9)
(4% — (7 - 6)tr — 9472 — B(Waw — Cy)(t + A7)
b= At + A7)(2t + 317) ‘ (100)

Substituting the above equations into (11), the monopolistic manufacturer’s profit becomes

1 (Www-—cC1+71)(t+317)
My = (Waw - €1)| > —
1= Waw =€) 5 47(2t + 347)

(101)

The monopolistic manufacturer maximizes this profit under the constraint (27), which can be rewrit-

ten as
42 — t(7 — 64)7 — 9172

Wiw < C1 +
W= 3(t+ A7)

(102)

Assuming an interior solution, we obtain the optimal wholesale price and the manufacturer’s profit

as follows:
- 3r(t+ A1)
= —_x 7 103
Mw =G S 3 (103)
~ Or(t + A1)?
I, = . 104
17 16( + 340)(2t + 347) (104)
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This is valid as long asnyy satisfies (102). LeT® denote the value of/t at whichviiyy satisfies
(102) with equality. Then, (103) is valid whetjt < T

By comparingT € with T° we can find thall © < T for A > 0. This implies that folf € < 7/t <
T_e, the monopolistic manufacturer chooses, or Wy depending on relative size of; andIl;.
By computingﬁl—Hj directly, we can find a thresholtf € (T¢, Te) such that we havB; > (<)
whent/t < (>)T®.

Then, the equilibrium under a ban on below-cost pricing can be summarized as follows. If
0 < 7/t < T¢, the dominant retailer’s price of good 1 is bound (thatrig; = 0), and the equilibrium

wholesale and retail prices are calculated as follows:

- 3r(t+ At
Wiw = Cl + W, (105)
L tr(t2(13 + 81) + 2tA(25+ 182)7 + 94%(5 + 44)7?)
Pio =€ Pp =C2+ A(t + 327)(t + A1)(2t + 317) ’ (106)
- 3r(t + A7) (5t + 917)
= : 107
Pw =& e 3@t + 3’ (107)
. tr(t2(3 + 81) + 2tA(11 + 181)7 + 942(3 + 4172
Bow = o + (t( ) ( ) ( )7°) (108)

4t + 3A7)(t + A7)(2t + 347)

It is easy to see that the price of good 2 set by the dominant retailer is always above their wholesale
price, that isphp > 0. On the other hand, if/t > Te, the dominant retailer’s price of good 1 is not

bound and the equilibrium under the ban corresponds to that without the ban.

B.2 Effects of banning below-cost pricing

Wholesale and retail prices

From the above analysis, we can derive the changes of the wholesale and retail prices through the

ban on below-cost pricing as follows:

3 3A7(t? — (4 - 3)tr — 6472)

A = 109
Wiw 2{t+ 310)(2t + 317) (109)
16t3 + t3(571 — 46)r + 3tA(151 — 41)2 — 811273
Apip = ( e+ 3 s , (110)
2(2t + 34A7)(8t + 9471)
317(203 + t3(841 — 71)r + 18t(41 — 11472 — 1351273
APy = ( ( )i ( ) ) (111)

A(t + 347)(2t + 317)(8t + 917) ’
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1(32t4 + 2t3(951 — 46)r + t2A(3481 — 451) + 1812(111 — 39)3 — 35113¢%)

=— 112
AP0 4+ A0)(t + 310)(2t + 3A7)(8L + 9A7) - (112)
tA7(20t3 + t3(841 — 71)r + 18tA(41 — 11)r? — 1351%79)
Apow = - (113)
At + A7)(t + 3a7)(2t + 347)(8t + 917)
Then, we can obtain Figure 6(a) and (b).
Profits of firms
For the monopolistic manufacturer, from (94) and (104), we have
2 _ _ 2
Al = Or((t + A7)“(8t + 9171) — 2(t(2 — ) + 3A)“(t + 3/17))' (114)

16( + 347)(2t + 317)(8t + 917)

For the relevant parameter range where the ban is binding, it can be found that wd haveD.

When below-cost pricing is not banned, the equilibrium profits of retailers are obtained as fol-

lows:

1T}, =(256°2 + 4t*(676+ 2041 + 5131°)7 + 3t31(4588+ 11881 + 19351%)12
+ 9t?22(2884+ 5701 + 7651%)7° + 81t43(265+ 304 + 364%)r*

+ 65610%7%)(8(2 + 317)2(8t + 917)) L,

(115)
T - 9r(t(2 — A) + 347)?
WL gt +9ar)2
—_ Otr(t + A7) (t(2 + 72) + 3(1+ 32)A7)?
w2 = 2(2t + 317)2(8t + 917)2
On the other hand, under the ban on below-cost pricing, we have
_tr(t3(13+ 82) + 2tA(25+ 182)7 + 92%(5 + 4)712)?
a 32(t + A7)(t + 3A7)2(2t + 317)2 ’
- 9r(t + A7)?
My =—————, 116
WL 732(2 + 317)2 (116)

o _tr(t3(3 + 84) + 2tA(11+ 187 + 94%(3 + 42)7?)?
we = 32(t + A7)(L + 317)2(2t + 317)2

Although we do not provide the full expression &flp, Allywi, andAlly,, we can obtain Figure

6(c) and (d).
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Consumer surplus

When the ban on below-cost pricing is not imposed, type 2 and Bypensumers’ surplus are
respectively calculated as follows:
CS;=-12 [cz +1(1792% + 6723(2 + 211)7 + 9?(403N2 + 5881 — 4)?
+ 54tA(7141% + 1272 — 2)3 + 811%(1801% + 364 — 1))

X(16(2 + 317)%(8t + 917)%) 7Y, (117)

7(t3(2140+ 2281 — 942) + 54tA(86 + 51)r + 25111%7?)
16(& + 94r)2 '
On the other hand, when the ban is imposed, we have

CS,=-21 [cz + (162 + 32*(2 + 7)1 + t3(11881% + 5761 — 25)2

CSE :—(C]_+Cz) -

+122(29881% + 18721 — 115)° + 9tA1%(39612 + 2881 — 19)¢*

+8113(204% + 164 — 1)r%)(16(t + A7)(t + 317)%(2t + 3Ar)) ]
(118)
CSg = — (1 + C) — 7(t*(535+ 2561) + 6t31(511+ 2561)7

+18022%(33 + 162)72 + 54t23(81 + 322)7° + 8371%%)

X (64(t + A7)(t + 317)(2t + 317)%) L.
Although we do not report the full expression&€ S, andACSg, we can obtain Figure 6(e) and

6(f).
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Figure 6: The &ect of banning below-cost pricing in the extended model
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