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Abstract

We study the effects of product differentiation on the bundling incentives of a two-
product retailer. Two monopolistic manufacturers each produce a differentiated good. One
sells it to both retailers, while the other only supplies a single retailer. Retailers compete
in prices. Retail bundling is profitable when the goods are close substitutes. Only then
is competition so intense that the retailer uses bundling to relax competition both within
and across product markets, despite an aggravation of the double marginalization problem.
Our asymmetric market structure arises endogenously for the case of close substitutes. In
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1 Introduction

Retailers often have to ponder whether to sell their products separately or as bundles, combin-
ing several products into one. Presumably, the products’ characteristics have a major impact on
this decision. In this paper, we therefore study the impact of product differentiation between
two products on the incentive to bundle them in a vertically related market. More specifi-
cally, we examine how a change in the degree of complementarity or substitutability affects
the equilibrium in this market, in particular the prices, quantities, and profits, and we identify
a two-product retailer’s incentive to sell the goods as a (pure) bundle. Further, we analyze the
welfare implications of this decision.

Our framework follows Heinzel (2019) and consists of two manufacturers, two retailers,
and two differentiated products. The upstream side of the market is characterized by two mo-
nopolistic manufacturers, each producing one of the products. One retailer buys one good
exclusively from one manufacturer, while the other retailer purchases from both manufactur-
ers. In this asymmetric set-up, the two-product retailer has the option to bundle the two goods.
Consequently, both retailers compete in one of the product markets, while the other good is sold
exclusively by the two-product retailer. We assume the retailers compete in prices. In order to
model product differentiation, we adopt the approach pioneered by Dixit (1979) and Singh and
Vives (1984).

Our results apply to the digital sector, for example. The upstream firms may be content
providers of some digital content, such as movies, and the downstream firms may be streaming
service providers or TV stations, which purchase the content from the upstream firms and sell
them, separately or bundled, to the final customers. For example, a customer could watch
two series from the same genre, which might have a substitute character to each other or a
long movie complementary to a short comedy series. Rennhoff and Serfes (2009) already
mentioned the increasing importance of bundling decisions in the modern digital age, where
digital contents such as movies, news, or games are traded as goods by content providers who
could bundle the different services.

We investigate the following questions: How does product differentiation, that is, the degree
of substitution or complementarity, affect the equilibrium prices, quantities, and profits under
the two selling regimes (separate selling and pure bundling)? How does the degree of product
differentiation change the two-product retailer’s incentive to bundle the goods? What are the
welfare consequences of retail bundling in our framework?

Our main result is that the two-product retailer will only bundle the products when the goods
constitute close substitutes. While this might seem counterintuitive, one can often observe
bundles of close substitutes in reality. For example, in the grocery store, packs of pepper are
sold in bundles, either as (almost) perfect substitutes of identical color or as close substitutes,
just differing in color. Furthermore, the clothing industry frequently offers bundles of either

the same clothes or in packs where the items just differ in pattern or color from each other.



The intuition underlying our main result runs as follows. In our market set-up, bundling
reduces competition in two ways, both within and across product markets. The lower the de-
gree of product differentiation, the stronger the competition across the differentiated products.
Eventually, when the products become close substitutes and competition gets very intense, the
anticompetitive effect of bundling is strongest. Only then, the competition-reducing effect of
bundling outweighs the aggravation of the double marginalization problem that occurs due to
bundling in our vertical market structure. Therefore, retail bundling is profitable only for close
substitutes.

Considering the impact of product differentiation on the market outcome, we observe that
with increasing complementarity, both under bundling and separate selling, prices and demand
increase for both goods (for the exclusive good, this only applies up to a point where the goods
become close to perfect complements). This holds because, for complementary products, an
increase in one product’s demand fosters the demand of the respective other product. Moreover,
an increase in complementarity raises the consumers’ willingness to pay, which is why the
demand increases despite the increase in prices.

Regarding social welfare, retail bundling reduces the consumer surplus due to higher down-
stream prices, but it enhances the producer surplus, since all firms, both in the downstream and
in the upstream market, gain from bundling. Social welfare, however, only increases when the
original products are close to perfect substitutes and decreases otherwise.

We complete our analysis, exploring how our asymmetric market set-up can arise once we
endogenize the manufacturers’ choice of retailers. It turns out that an asymmetric distribution
system occurs in equilibrium when the original goods constitute close, but not too close substi-
tutes. In this case, bundling represents an equilibrium outcome and reduces social welfare.

Our paper is organized as follows. In Section 2, we relate our paper to the existing bundling
literature. In Section 3, we present the general model and solve it for the market equilib-
rium under separate selling and bundling, respectively. In Section 4, we discuss the impact of
product differentiation on the market equilibrium under both separate selling and bundling, we
investigate the bundling decision, and we examine the consequences of bundling for the market
equilibrium and for social welfare. In Section 5, we provide a foundation for our market set-up,

endogenizing the manufacturers’ distribution choice. Section 6 concludes.

2 Literature

Our paper relates to two strands of literature. The first strand explores how different market
structures impact on the incentives for (retail) bundling. The second strand investigates how
product differentiation affects the bundling incentives. Given that our focus lies on the latter

effect, we keep the treatment of the former strand rather short.!

! An extensive overview on how the market structure affects the incentives for (retail) bundling can be found in
Heinzel (2019).



Some contributions to the first strand study retail bundling in a (decentralized) distribu-
tion channel. This literature considers a market with a monopolistic retailer and either one
manufacturer (see e.g. Girju et al., 2013; Ma and Mallik, 2017; Cao et al., 2019) or several
manufacturers (see e.g. Bhargava, 2012; Chakravarty et al., 2013; Cao et al., 2015; Chen et al.,
2016). Other contributions examine the role of competition in an integrated market. One part
of this literature focuses on the competitive bundling aspect in the sense that a multi-product
firm that is a monopolist in one market, might strategically use bundling to affect, especially
soften, the intensity of competition in a secondary competitive market (see e.g. Carbajo et al.,
1990; Martin, 1999; Egli, 2007; Chen et al., 2016; Vamosiu, 2018b). The other part of this
literature concentrates on the analysis of bundling as a strategy that deters entry or forecloses
the second market and thereby monopolizes it (see e.g. Whinston, 1990; Choi and Stefanadis,
2001; Carlton and Waldman, 2002; Nalebuff, 2004; Peitz, 2008; Hurkens et al., 2019). The
latter strand of literature is also known as leverage theory.?

Heinzel (2019) models a leverage theory set-up in the downstream market of his decentral-
ized distribution channel while studying the bundling incentives of a retailer. He identifies that
under retail price competition, retail bundling can be profitable depending on the manufactur-
ers’ marginal costs. He also finds that retail bundling lowers consumer and producer welfare.
His research differs from ours in that he does not consider product differentiation between the
goods. In an extension of his model, Endres and Heinzel (2019) examine the impact of product
qualities on retail bundling. They find that the quality relations of the products are pivotal for
the profitability of retail bundling. By contrast, the present study concentrates on the impact of
substitutability and complementarity between the products that exhibit the same quality.

Our paper most closely relates to the literature on bundling with product differentiation. A
seminal paper is by Lewbel (1985), who finds that pure bundling might be an integrated two-
product firm’s best selling strategy when the goods have a substitutable relationship. Dansby
and Conrad (1984) demonstrate that mixed bundling can be favored over pure bundling by a
two-product monopolist when the products have a subadditive customer valuation and hence
represent substitutes. Venkatesh and Kamakura (2003) show that a decrease in the level of
substitution, or an increase in the level of complementarity, between the goods has a positive
effect on the incentive of an integrated two-product monopolist to purely bundle the goods.
For non-linear demand relations, Telser (1979) points out that the integrated monopolist seller
can only extract the full consumer surplus when he sells complementary goods as a bundle.’
There are two major differences between our set-up and the ones in the above papers on prod-

uct differentiation. First, they all consider integrated markets while we consider a vertically

2As a clear distinction between the two parts of the strand is not always possible, we refer to papers of either
type as leverage theory papers. However, we do not focus on the entry-exit aspect of this literature, but on the
competitive bundling aspect.

3There are various articles examining the impact of different ranges of substitutability and complementarity,
e.g. the seminal ones by Spence (1976a,b), Dixit (1979), Singh and Vives (1984), Héackner (2000). However,
these authors do not consider bundling as a selling strategy, but rather focus on different aspects of oligopolistic
or monopolistic competition.



separated market. Second, they all focus on pure monopolists while we assume the bundling
firm to engage in duopolistic competition in one retail market.

The literature on bundling of differentiated goods that indeed considers competition be-
tween (integrated) firms within a leverage theory context takes on several directions. Some
studies examine the impact of complementarity on entry deterrence or on the exclusion of a
rival in the competitive market; see e.g. Whinston (1990), Choi and Stefanadis (2001), Carl-
ton and Waldman (2002), Nalebuff (2004). These authors generally demonstrate that bundling
complementary goods has the potential to foreclose the market or to defend it against potential
entry. Other papers focus on the aspect of (in)compatibility of bundling differentiated goods in
a leverage market set-up such as, for instance, Denicolo (2000) or Vamosiu (2018a).%

Closer to our model is the literature considering how bundling of differentiated goods can be
used to strategically affect the downstream competition in a leverage theory or related structure.
For instance, Egli (2007) examines a Hotelling framework where one firm sells two products
in a bundle, while another firm competes against one of the two products. It turns out that the
firms choose minimum differentiation, but charge different prices in equilibrium. Mantovani
(2013) analyzes a market with a producer of two complementary goods, who, for each of the
goods, faces a rival competing with a differentiated product. He finds that the multi-product
firm chooses bundling under price competition when the degree of substitutability between two
variants of one good is sufficiently high and/or when the two goods offered by the two-product
firm represent weak complements. Exploring a similar market set-up, Gwon (2015) illustrates
that the two-product firm chooses bundling when the goods are strong complements. Chung
et al. (2013) analyze a set-up with a two-product firm and a one-product rival. They find that
a decrease in the degree of differentiation between the bundled goods strengthens the bundling
incentives. Furthermore, they observe that the welfare effects of bundling are ambiguous and
differ depending on the mode of (price vs. quantity) competition. The main difference between
our work and this strand of literature is that we investigate the impact of product differentiation
and the vertical market structure on a firm’s bundling incentives and on the welfare effects of
(retail) bundling.

In the literature on retail bundling in a supply chain, some studies examine the bundling
of complementary products. For example, Shao (2016) finds that cooperation between suppli-
ers increases the profitability of bundling when the degree of complementarity is high. Pan
and Zhou (2017) obtain that retail bundling is profitable when the goods are moderately weak
complements. Liu et al. (2020) find that the retailer prefers separate selling when the products
represent weak complements. Contrary to this literature, we derive a retailer’s bundling incen-
tive for both complementary and substitutable products, taking retail competition into account,
and analyze the welfare consequences of bundling.

Our paper further relates to the literature on bundling in oligopolies. Also considering com-

“Notice that Matutes and Regibeau (1992) also deal with compatibility, but that they examine a duopoly in
which both firms produce two goods, each one representing a differentiated version of the other firm’s good.



petition in the downstream market, Rennhoff and Serfes (2009) combine retail bundling and
product differentiation. They investigate the bundling incentives in a market with two upstream
and two downstream firms, where the original products are horizontally differentiated. It turns
out that both upstream and downstream firms benefit from downstream bundling. In contrast
to us, Rennhoff and Serfes do not analyze the strategic motive of a downstream retailer to use
bundling as a tool to leverage its monopoly power on one market to impact competition in the
other market. Apart from this difference, they do not allow for complementarity between the
goods. Zhou (2017) observes that with more than two firms in the market, bundling may relax
competition and thereby reduce consumer welfare but raise the firms’ profits.

In summary, our paper contributes to the literature on bundling as follows: First, adding a
vertical market structure, we enrich the efforts already made to study the consequences of prod-
uct differentiation on a firm’s bundling decision and on social welfare. Furthermore, we con-
sider a decentralized channel with downstream competition in one market as well as monopoly
power in the other and in the upstream tier. Our set-up allows us to analyze how the interplay
of monopoly power, retail competition, double marginalization, and product differentiation af-
fects the incentives for retail bundling and its consequences. Incorporating these aspects in
our model allows us to derive implications from both an antitrust perspective and a managerial

point of view.

3 The model and its market equilibria

Consider a market with two monopolistic manufacturers, M| and M, and two retailers, R4 and
Rp (see Figure 1). Each manufacturer M; produces a single good i (i = 1,2). While manufac-
turer M sells his good to both retailers, manufacturer M| maintains an exclusive relationship
with Ry, selling his good only to R4. We suppose that R4 has sufficient market power to estab-
lish an exclusive relationship with M even though it may be disadvantageous for the producer.
In Section 5, we relax this assumption and endogenize the manufacturers’ distribution choice.
Our set-up mirrors electronic retail markets, for example, where retailers make the producer
sell certain products exclusively to them which are often labeled as store brands. Such an ex-
clusivity agreement may serve to dampen the degree of interbrand competition in the retail
market (Moner-Colonques et al., 2004).

Retailer R4 offers both goods to the final customer, while Rp only offers good 2. Retailer
R4 has the option to sell his goods separately or as a bundle (see Figure 1). The final customers
can only purchase the goods from either of the two retailers. Both retailers compete in prices.
Even though the manufacturers may be inferior to the downstream firms in terms of market
power and cannot set their distribution relations themselves, they still have market power in the
upstream market. Hence, M| and M, act as price-setters.

We assume the goods 1 and 2 are differentiated, allowing them to represent (imperfect)

complements, (imperfect) substitutes, or to be independent in demand of each other. In contrast,
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Figure 1: Market structures

the versions of good 2 sold by retailer R4 and Rp constitute perfect substitutes. Goods 1 and 2
are further characterized by their customers’ marginal willingness to pay a;, where a; > 0 and
i = 1,2, which can be interpreted as the product quality (see e.g. Hiackner, 2000). In our model,
both goods have the same quality level, that is, we assume a; = a» = a.> For simplicity, we
assume the manufacturers’ marginal cost of production to be equal for both goods and denote
it by k € [0,a). We assume k < a to ensure market transactions occur in equilibrium.

The timing of the game involves three stages (see Figure 2). At stage 1, the two-product
retailer R4 decides whether to bundle or to sell his products separately. At stage 2, the manu-
facturers each set their profit-maximizing wholesale price. At stage 3, the retailers choose their
prices. At each stage, the decisions are taken independently and simultaneously. We solve this

sequential game by backward induction to derive its subgame perfect equilibrium (SPE).

Retailer Ry Manufacturers Both retailers
decides on bundling  set wholesale prices choose prices
| | |
Stage 1 Stage 2 Stage 3

Figure 2: Timing of the game

This timing is reflected in several industries, for instance, in the streaming service industry.
Consider Netflix as a retailer that offers its media content only with pure bundling. The content
producers are aware of the streaming firm’s selling strategy and set their prices accordingly.
Afterwards, Netflix adjusts its downstream price when necessary.

In the following, we examine the market first for the case of separate selling and then for
the case of bundling (Sections 3.1 and 3.2). For each of the cases, we derive the subgame
perfect equilibrium of the pricing subgame starting at stage 2. The corresponding equilibrium
results are denoted by superscripts S and BL , respectively. The calculations can be found in

Appendix A.

SFor a study of bundling incentives that considers asymmetric product qualities, see e.g. Endres and Heinzel
(2019).



3.1 Market equilibrium under separate selling

Suppose the two-product retailer R4 sells his goods separately to the final customer. Figure 1a
depicts the market structure of this case.

The (representative) customer’s utility from consuming goods 1 and 2 and a bundle of other
goods, m, follows Dixit (1979):6

V=m+a(Qi+0)—5 (01 +200:0:+03), (1

1
2
where Q1 and Q; denote the consumption of goods 1 and 2, respectively. The parameter 6 €
(—1,1) captures the degree of product differentiation between the goods.” In case of 8 = 0,
the two goods are independent in demand.® For 8 > 0 (6 < 0), the goods constitute substitutes
(complements). Finally, in the limit of 8 — 1 (6 — —1), the goods represent perfect substitutes
(perfect complements). In the following, however, we restrict our analysis to 6 € (—1,1).
Moreover, let p; and p; denote the prices for good 1 and good 2, respectively. The composite
good is denoted by m and its price is normalized to one.

Solving the customer’s utility maximization problem, we obtain the inverse demand for

both products:
pr=a—01—060s, (2)

pp=a—0r— 00, (3)

where Q1 = ga1 and Q) = ga2 +gp2- Here, g41 and g4» denote the quantities of goods 1 and 2
supplied by retailer R4 and gp; denotes the quantity of good 2 supplied by retailer Rp.
To derive the demand for the two products, we invert the system of inverse demands, (2)

and (3):
_a—pi—(a—p1)6

0 L 4)
_a—pr—(a—p1)6
0, =2 5)

Both retailers set their prices independently and simultaneously, aiming to maximize profit.
Selling both good 1 and good 2, retailer R4 sets the corresponding prices p; and p4> to maxi-
mize

mta = (p1 —wi)qa1 + (a2 — w2)qaz, (6)

where w1 and w, denote the wholesale prices for goods 1 and 2, set by the upstream firms. The

SStrictly speaking, V represents a utility function V(m,01,0>). However, for better readability we omit func-
tion arguments in the following. Moreover, as usual, we think of the customer as representing the whole mass of
customers (or consumers). Therefore, we also make use of the plural form in our discussions.

"Notice that we refer to the goods as becoming or being complements or substitutes even though they are only
perceived as such by the customers. Still, within the course of our analysis, we use both expressions interchange-
ably.

8For an analysis of the bundling incentives for independent goods, see Heinzel (2019).



profit of retailer R4 consists of two parts. The first part represents the profit from selling good 1
in the monopoly market. The second part comprises the profit earned in the duopoly market of
good 2. In contrast, retailer Rp is only active in the market of good 2 and sets his price pp, in

order to maximize

ng = (P2 — W2)qB2- (7)

The price equilibrium in the retail market is then given by

s a(l1—0)+w;+06w
pP1= 2 ’

8)

P = Do = Pip = Wa. 9)

In the market of the homogeneous good 2, price competition drives the price down to marginal
cost, which is given by the wholesale price w,. In the market of good 1, retailer R4 exploits his
monopoly power and charges the monopoly price given that p*zg = wy. Observe that, unlike in a
two-product monopoly, product differentiation 0 affects the equilibrium price in the monopoly
market of good 1, which is caused by the competition externality in the market of good 2.
Inserting the equilibrium prices (8) and (9) into demand (4) and (5), we obtain the equilib-

rium demand:
_a(1-0)—w;+w0

01 = 2= 69 ; (10)
_a(1-0)(24+6)+wi16—wy (2—6?)
0y = 21— 62) : (1D

Notice that the signs of the cross-price derivatives coincide with the sign of 6. Thus, the goods 1
and 2 represent substitutes (complements) in the upstream market if, and only if, they do so in
the downstream market.”

In the upstream market, the manufacturers M| and M, each set their wholesale price w; and

w» in order to maximize profit:
m = (w1 —k)Qi, (12)

m = (w2 —k) Qs, (13)

where Q| and Q» are given by (10) and (11), respectively.
Solving for the price equilibrium in the upstream market, we obtain the wholesale prices
for goods 1 and 2:
s Aa+k)—2(a—k)0—(3a+2k)6%+ (a—k)6?
1

= 14
8502 ; (14)

w

4(a+k)—(a—k)0 — (3a+2k)6>
8 —562 ‘

w3 = (15)

"We have 92 = 9% < 0 for € (—1,0) and 92 = 92 > 0 for 6 € (0, 1),



The remaining equilibrium results under separate selling can be derived by inserting the
equilibrium wholesale prices (14) and (15) into the other expressions. Table 1 in the Ap-
pendix A.5 contains an extensive list of equilibrium outcomes, such as prices, quantities, prof-
its in both the upstream and the downstream market, producer surplus, consumer surplus, and
social welfare.

In Section 4, we explore the impact of product differentiation 6 on the market equilibrium
in greater detail. Before, however, we continue with deriving the market equilibrium under

bundling.

3.2 Market equilibrium under bundling

Now assume retailer R4 combines one unit of good 1 and one unit of good 2 to one unit of the
final product, which we call bundle A. That is, R4 uses pure bundling as his selling strategy.
As before, retailer Rp offers good 2 to the final customers, which we call bundle B for notation
purposes. Bundle B consists of one unit of good 2 only. The upstream side of the market
remains the same. Figure 1b depicts the market structure in the case of bundling.

Accordingly, the total demand of good 1 equals the demand of bundle A, denoted by by,
while the demand of good 2 is given by the sum of the demands for bundles A and B, the
demand for the latter being denoted by bp. The total demand for good 1 and good 2 can hence
be expressed by

Q1 = by, (16)
0> = by +bp, (17)

respectively.
As proposed in Martin (1999), we insert (16) and (17) into (1) to derive the customer’s
utility under bundling:

1
V =m+a(2ba+bp) -5 (2(1+0)b3 +2(1 + 0)babp +b3) .

Solving the customer’s utility maximization problem with respect to b4 and bp, we obtain

the inverse demand for bundle A and bundle B:
pa=2a—2(14+0)by— (1+06)bp, (18)

pp=a—(1+6)bs—bg, (19)

where p4 and pp denote the prices of bundle A and bundle B, respectively.
To derive the demand for the two bundles, we invert the system of inverse demands, (18)

and (19). This yields
1—60)—pa+pp(1+6
by = al ) lpA92p3< ), (20)

10



_ pa—2pp

= 21
by = @1

Notice that the cross-price effects of the two bundles are always positive.!? Thus, bundling
creates a substitute relationship between the bundles no matter whether the standalone goods
represent substitutes or complements (see the result of Martin, 1999). Furthermore, observe
that the retail firms do not compete for the customers of good 2 on a product-to-product basis
anymore, since customers now choose between bundle A and bundle B, which are imperfect
substitutes. Therefore, bundling softens price competition for good 2.

Under bundling, the profits of retailers R4 and Rp are given by
s = (pa— w1 —w2)ba, (22)
ng = (pp—w2) bp. (23)

The price equilibrium in the downstream market can then be derived as

BL _ 4a(1—0)+4w; +2wr(3+0)

24

g a(l1—0)+wi+5w
Pp = 7_0 .
To derive the input demand for goods 1 and 2 in the upstream market, we insert the equi-
librium retail prices (24) and (25) into the demands (20) and (21). We hence obtain

(25)

4a(1—0)—wi;(3—0)—wy(1—-30)

(7—-6)(1—-6)(1+0) ’ (26)

0=

~ 2a(3-20—6%) —wi(1-360) —ws(5—6—267%)
Q2= 7-6)(1—0)(1+6) |

Unlike separate selling, bundling alters the substitute relationship in the upstream market.

(27)

When the customer perceives goods 1 and 2 as weak substitutes in the downstream market,
bundling induces the input goods 1 and 2 in the upstream market to become complements. This
occurs for 6 € (0,1/3). Overall, the input goods represent complements for 6 € (—1,1/3),
while for 8 € (1/3,1) they constitute substitutes.'!

In order to obtain the upstream firms’ profit functions, 7; and @, we insert the demands
(26) and (27) into (12) and (13), respectively. Solving for the price equilibrium in the upstream
market yields the equilibrium wholesale prices under bundling:

a 2a(17—130 —96%+560%) + k(25— 1162 -26°)

_ 28
" 59— 266 — 2962 + 863 ’ (28)

10Wehave§%: 15 >Oand%:ﬁ>0for9€( 1).

1,
d d d d
""We have W% = a—% <0for6 € (—1,1/3) and a—% = a—% >0for0 e (1/3,1).

11



LB 4a(8 —50 —40% +63) + k(27 — 66 — 1362 +463)
2 59 — 266 — 2962 + 863

Like under separate selling, we obtain the remaining equilibrium results by inserting the equi-

. (29)

librium wholesale prices (28) and (29) into the other expressions. Table 1 also collects the
equilibrium results for the case of bundling (see Appendix A.5).

Compared to separate selling, bundling modifies the nature of competition. First, it affects
product differentiation in the downstream market in two ways. On the one hand, it eliminates
the perfect substitutability between the two versions of good 2 in the retail market. While un-
der separate selling, customers could buy identical copies from either retailer, under bundling,
a customer has to choose between bundle b4, which also contains one unit of good 1, or bundle
bp, which only contains a unit of good 2. On the other hand, it also creates a complementarity
between goods 1 and 2 for the case of weak substitutes. An increase in product differentiation
reduces the incentive to compete aggressively with each other and hence mitigates the price
competition between the retailers in the duopoly (which is in line with the literature, see e.g.
Carbajo et al., 1990; Egli, 2007; Mantovani, 2013; Chung et al., 2013; Endres and Heinzel,
2019). This enables retailer Rp to set a price for bundle B above the wholesale price of good 2.
It also enables retailer R4 to charge a price for bundle A above the sum of wholesale prices of
both standalone goods. Second, bundling changes competition in the upstream market as well.
Under separate selling, the manufacturer’s products in the upstream market constitute substi-
tutes (complements) if, and only if, the final customers in the downstream market perceive
goods 1 and 2 as substitutes (complements). In contrast, under bundling, the manufacturers’
outputs represent complements even if the final consumers perceive them to be weak substi-
tutes.

In Section 4, we now explore the market outcomes and the implications of product differ-

entiation in greater detail.

4 Equilibrium analysis

We first investigate the effect of product differentiation on prices and quantities in the market
equilibrium under separate selling and bundling, respectively. Subsequently, we examine the
incentive of retailer R4 to bundle his goods rather than to sell them separately. Finally, we

explore how optimal bundling affects the market outcome and social welfare.

4.1 Price and demand behavior under separate selling and bundling

We begin with discussing the effect of product differentiation on the level of prices (see Fig-
ure 3). Starting from the case of independent goods (6 = 0), the equilibrium prices in both the
downstream and the upstream market monotonically increase when goods 1 and 2 become more

complementary. Only the wholesale price of good 1 eventually decreases when goods 1 and 2

12



become close to perfect complements. This occurs both under separate selling and bundling.
Similarly, the retail price of good 1 decreases under separate selling, while the retail price of
bundle A continues to increase when goods 1 and 2 become strong complements. '?

The reason for the price increase is that with increasing complementarity the goods become
more essential to each other and thus more valuable for the customers. Both the upstream and
the downstream firms skim off this rent by asking higher prices. Furthermore, independent of
where the customer buys good 2, he can only buy the complementary good 1 at R4, which
strengthens retailer R4’s monopoly position for good 1 and allows him to increase his price for
good 1 and bundle A, respectively. For very close complements he is even able to set a price
for bundle A very close to the sum of reservation prices for the standalone goods and thereby
comes close to extracting the full consumer surplus. This effect is similar to the one described
in Telser (1979), who, for the case of non-linear demand, finds that a two-product seller can
extract the full consumer surplus by bundling when the goods represent complements.

When the complementarity of the products approaches perfect complementarity, under sep-
arate selling, both the wholesale price and the retail price of good 1 eventually decrease while
the respective prices of good 2 continue to increase. This difference is caused by the different
modes of competition. While good 1 is sold in a monopoly market, there is competition in the
market for good 2. The two-product retailer R4 (partly) internalizes the negative cross-price
effects between products 1 and 2 by offering product 1 at a lower price in order to promote
the demand for good 2. This induces manufacturer M; to raise his wholesale price, the in-
crease of which retailer R4 passes on to his customers by increasing the retail price of good 2.
Anticipating R4’s behavior, M| reduces his price in order to stimulate the demand.

Under bundling, M, too reduces his price once the complementarity becomes sufficiently
strong, since this induces retailer R4 to buy more of good 1. Due to the complementarity
between goods 1 and 2, retailer R4 also buys more of good 2. In contrast to separate selling,
however, retailer R4 does not respond by reducing his price, but rather raises it further. This
points to a crucial difference between separate selling and bundling. As complementarities
become sufficiently strong, bundling allows retailer R4 to leverage his market power from the
market of good 1 to the market of good 2. As a consequence of this, he need not reduce the
price of good 1 to stimulate the demand for good 2, but can rather afford to raise the price of
the bundle.

When the degree of substitution between goods 1 and 2 increases, competition between
the goods and bundles intensifies under both separate selling and bundling. Under separate
selling, this primarily affects the competition between the two goods offered by retailer R4,

since competition between retailers R4 and Rp is already extreme, driving the price of good 2

S S S S
2More specifically, we find % = % < 0 for 6 € (—0.9407,1) and % = % > 0 for 6 € (—1,—0.9408),

BL BL s WS BL
2" <0 for 6 € (—0.8933,1) and 241" > 0 for 6 € (—1,-0.8934), 22 = 2% < 0 for 6 € (—1,1), and 2L,
apBL owBL

4> and —5- <Ofor 6 € (—1,1).
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down to marginal cost wy. There is, however, an indirect effect on the price of good 2 as
manufacturer M, responds to the increased competition between goods 1 and 2 by reducing
the price wy. Similarly, manufacturer M; reduces his price wi. These indirect effects in the
upstream market occur under both separate selling and bundling.

Bundling softens the competition between retailers R4 and Rp. This effect is stronger the
lower the degree of substitution between goods 1 and 2. Moreover, bundling reduces the sin-
gularity of good 1 and bundle A, since consumers can increasingly substitute them with good 2
in bundle B (compare Venkatesh and Kamakura, 2003). Thus, with an increasing degree of

substitution 8 bundle A becomes less attractive, which explains the pronounced drop in his

price.
S S BL
pi+p; T Pa
20 20
— — it
_________________ — P =w5 - — whk
54 e — W‘lg 15 - \ WI;L

10— 10
5 7 \ 5 | \)
0 Product differentiation 6 0 Product differentiation 6
-0.75 0.5 -025 O 025 0.5 0.5 1 -0.75 =05 —-025 O 025 0.5 0.5 1
(a) Separate selling (b) Bundling

Figure 3: Equilibrium prices (for a = 10,k =5)

We continue with discussing the effect on the equilibrium quantities (see Figure 4). Starting
from the case of independent goods, the total demand of goods 1 and 2, Q1 and Q», increases
with increasing complementarity and it (eventually) increases with increasing substitutability.
These observations apply to both separate selling and bundling.' In the retail market under
bundling, however, the demand for bundle B, bp, changes in the opposite direction. With
increasing complementarity, it goes down and similarly so when the goods become close to
perfect substitutes.'*

As to the former observation, notice that a change in the degree of product differentiation 0
has two effects. First, the higher 6 is, the more intense is the competition, the lower is the
equilibrium price, and the larger is the total demand for goods 1 and 2. Second, 6 also affects
the customers’ willingness to pay. The more complementary the goods 1 and 2, the higher is
the customers’ willingness to pay and the higher is their demand. The U-shaped curve then

results because the marginal effect of product differentiation is stronger for limit values of 0

13\ . 903 903 JbBL
ore specifically, we find that 7t < 0 for 8 € (—1,0.3393), 53> <0 for 6 € (—1,0.4272), and —4- < 0 for
lres

S S
6 € (—1,0.3567), while 22 > 0 for 6 € (0.3394, 1), 22 > 0 for 6 € (0.4273,1), and 224~ > 0 for 0 € (0.3568, 1).
BL BL
14Notice that %28- > 0 for 6 € (—1,0.5872), while %= < 0 for 6 € (0.5873,1).
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(viz. for || close to 1).

As to the demand for bundle B, two effects contribute to its reduction. First, the stronger
the complementarity between goods 1 and 2, the more attractive bundle A becomes as opposed
to bundle B, because customers need to buy both goods 1 and 2, once their complementarity
becomes stronger. As a consequence, consumers increasingly buy bundle A, which contains
both goods, rather than bundle B, which only contains good 2. Second, at the other extreme,
when goods 1 and 2 become close substitutes, the price of bundle A drops sharply, while the
price drop for bundle B is weaker. Therefore, the demand for bundle A increases at the expense
of the demand for bundle B.

5 5
o - ot
o — o
4 4 o5-
3 34
2 2
1 1
—_—
0 Product differentiation 6 0 Product differentiation 6
T T T T T T T T T T T T T T
-0.75 =05 —-025 O 025 0.5 075 1 -0.75 =05 —-025 O 025 0.5 075 1
(a) Separate selling (b) Bundling

Figure 4: Equilibrium quantities (for a = 10,k = 5)

4.2 Bundling incentives

In this subsection we first examine the decision of retailer R4 whether to bundle goods 1 and
2 or not. Afterwards, we explore how various assumptions of our modeling framework affect
this bundling incentive. If not stated otherwise, the comparisons henceforth refer to differences
of the equilibrium values under separate selling and under bundling.

In a similar integrated market structure, Carbajo et al. (1990) consider a higher price of
the exclusive good, i.e. pf > pg , as a precondition for bundling to be considered by a multi-
product firm. In this case, customers who exhibit a high valuation for good 1 under separate
selling, might also accept a higher price of good 2 in bundle A, only to receive good 1 in the
bundle. This allows the firm to skim off a larger share of the consumer surplus. Notice that this
condition is satisfied for all 6 € (—1,1) in our model because of a > k. In order to investigate
the profitability of bundling, we compare the profit of the two-product retailer R4 under the two
selling regimes, bundling and separate selling. Interestingly, bundling is only profitable when

the two goods represent close substitutes:

Proposition 1. Retailer Ry prefers bundling over separate selling for high degrees of substitu-
tion, viz. for 6 € (0.8827,1).
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Proof. See Appendix F.1. [

The intuition runs as follows. When goods 1 and 2 represent close substitutes, bundling by
retailer R4 reduces competition in two ways. First, retailer R4 introduces product differentiation
in the market of good 2, differentiating his copy of good 2 from the copy of good 2 sold by Rp.
This weakens the competition with retailer Rg. Second, bundling also softens the competition
between good 1 sold by R4 and the copy of good 2 sold by Rp, and it entirely eliminates
the internal competition between good 1 and the copy of good 2, both sold by R4. Therefore,
bundling becomes profitable once goods 1 and 2 become sufficiently close substitutes.

When goods 1 and 2 constitute complements, however, the competition-reducing effect of
bundling in fact harms retailer R4. Competition leads to low prices and a low price of, say
good 2, also promotes the demand for R4’s good 1 in the case of complementary goods. This
effect is the stronger the more complementary the goods 1 and 2 become, and it positively
influences R4 ’s profit (compare Whinston, 1990). Thus, for complements, competition benefits
the retailers and bundling is never profitable.

Lewbel (1985) has identified bundling to be profitable for substitute goods as well. He
shows that pure bundling can be a two-product firm’s optimal selling strategy when the goods
constitute imperfect substitutes, while it may not be optimal when the goods represent comple-
ments. Notice, however, that Lewbel (1985) studies an integrated set-up with a multi-product
monopolist, and neither considers competition in the downstream market nor a vertical struc-
ture. Our result also contrasts with Venkatesh and Kamakura (2003), who find the bundling
incentive to increase with decreasing substitutability. They argue that customers only demand
one of the substitutes in a bundle and discard the other, which makes selling the goods sepa-
rately more profitable with a high degree of substitution. Unlike us, Venkatesh and Kamakura
consider a monopolistic supplier while we consider duopolistic competition. As mentioned
above, in our model bundling reduces competition in multiple ways, which is not the case in

Venkatesh and Kamakura’s model.

Thus, it seems that the ambiguity in results is caused by the different assumptions on the
underlying market structure. We therefore continue with exploring how core assumptions of
our market framework impact on the incentive to bundle differentiated goods. We explore to
what extent retailer Ry is capable of leveraging his market power from the market for good 1 to
the market for good 2. We then proceed with examining the problem of double marginalization,
which is caused by the upstream pricing decisions of the manufacturers. Finally, we investigate
the interplay of these vertical externalities with the horizontal externalities in the upstream

market, considering two variations of our model.

Leveraging An incentive to bundle goods 1 and 2 arises from retailer R4’s monopoly position
in the downstream market of good 1. Bundling differentiates the goods in the downstream

duopoly, which allows retailer R4 to leverage his market power from the monopoly to the
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duopoly. This is reflected in a higher downstream price of the bundle compared to the sum of
the single goods’ prices under separate selling.

For low and medium degrees of substitutability, the higher prices under bundling entail a
reduction in quantities and a lower profit of retailer R4."> For high degrees of substitutability,
we observe an increase in both the price and the demand for bundle A (compared to the total
quantities of goods 1 and 2 under separate selling). This positively affects R4’s profit under
bundling and explains why bundling becomes more profitable than separate selling for close
substitutes. For all degrees of complementarity, bundling leads to lower demand, which causes

separate selling to be more profitable than bundling for the two-product retailer R4.

Upstream pricing The manufacturers’ pricing decisions in the upstream market represent
another factor impacting on the bundling incentive of retailer R4. This has been illustrated,
for instance, by Rennhoff and Serfes (2009), Bhargava (2012) or Cao et al. (2015). Proposi-
tion 2 summarizes the manufacturers’ pricing response to bundling, irrespectively of whether

bundling is profitable for retailer R4 or not.

Proposition 2. The wholesale price for good 1 is higher under bundling than under separate
selling for 6 € (—1,—0.9174), and it is lower for 0 € (—0.9175,1). The wholesale price for
good 2 is higher under bundling for all 0 € (—1,1). The sum of wholesale prices is always

greater under bundling than under separate selling.
Proof. See Appendix F.2. ]

The intuition behind Proposition 2 is that the manufacturers anticipate that retailer R4 has
decided in favor of bundling in order to extract more surplus from consumers by charging a
higher price. Accordingly, the manufacturers set higher prices as well in order to skim part of
retailer R4’s higher profit. Only when goods 1 and 2 constitute close to perfect complements,
does manufacturer M; charge a lower wholesale price for good 1 under bundling. This raises
the demand for good 1, which, by complementarity of goods 1 and 2, stimulates the demand
for good 2, which, in turn, promotes the demand for good 1 even more. Manufacturer M5,
however, charges a higher price since his demand is less elastic under bundling than under
separate selling.

Even when the wholesale price of good 1 is lower under bundling, the sum of both input
prices is always higher. Bundling thus aggravates the problem of double marginalization be-
tween retailer R4 and manufacturer M; in the decentralized channel of good 1. Bundling also
creates a double marginalization problem in the market for good 2, which is not present under

separate selling.

In order to shed further light on the impact of double marginalization, we proceed with

inspecting two variations of the model. The first one eliminates the double marginalization

SMore specifically, we have QF — Q5L > 0 for 6 € (—1,0.8826) and g5, — b5L > 0 for 6 € (—0.0433,0.6199),
while 0F — Q%L < 0 for 6 € (0.8827,1) and ¢, — 5L < 0 for 6 € (—1,—0.0434) U (0.6200, 1).
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problem by considering a centralized channel, where the entire market power lies with the re-
tailers. The second variation replaces the upstream market by a monopolistic multi-product
manufacturer who produces and sells both good 1 and 2. In this way, we dispose of the hori-
zontal externalities in the upstream market. Notice that in both settings all other assumptions

remain the same as in the decentralized channel.

Centralized channel In our first variation of the model, we assume that the retailers deter-
mine the wholesale prices, which they set as low as possible such that, for both goods, the
price equals the marginal cost. We hence obtain w{ = wé =k, for j € {S,BL}, i.e., under both
bundling and separate selling.'® It immediately follows that the price-taking manufacturers
neither make any profit under separate selling nor under bundling.

We find that, in the centralized channel, retailer R4 always prefers bundling over separate
selling independent of the degree of product differentiation between goods 1 and 2. Comparing
this result with that of the decentralized channel, we see that the aggravation of the double
marginalization problem reduces R4’s bundling incentive in the decentralized channel. It is
the distribution of market power between the upstream and downstream market that causes the
double marginalization problem. These vertical externalities negatively impact on the bundling
incentive of the two-product retailer in the decentralized channel. Thus, our analysis shows that

the latter result is robust to considering goods 1 and 2 as imperfect complements or substitutes.

Multi-product manufacturer Our second variation serves to explore the role of horizon-
tal externalities in the upstream market. We replace the upstream manufacturers by a single
monopolistic multi-product manufacturer who produces both goods and supplies them to the
retailers in the same way as in our main model with the decentralized channel. This removes
the horizontal externalities of the upstream market.

The multi-product manufacturer optimally sets both wholesale prices equal to w{ = wé =
afk " that is, under both bundling and separate selling.!” Interestingly, the profit-maximizing
prices neither depend on the selling strategy of retailer R4 nor on the degree of product differ-
entiation 6.

As with the centralized channel, it turns out that bundling is always profitable for retailer Ry,
independent of the degree of product differentiation between the goods. While the monopolistic
multi-product manufacturer causes a double marginalization problem, bundling does not exac-
erbate this problem. Therefore, the bundling incentive of the two-product retailer is stronger in

this variation than in our main model with two manufacturers.

Combining our observations from the centralized channel and the multi-product manufac-

turer, we hence find that the presence of upstream market power alone does not weaken the

16 All calculations and proofs can be found in Appendix B.
17 All calculations and proofs can be found in Appendix C.
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bundling incentives. Rather, it is the alliance of horizontal externalities (due to the upstream
market competition) and vertical externalities (resulting from upstream market power) that
causes the dilution of the bundling incentive in our main model. Observe that this insight tallies
with similar observations by Bhargava (2012) and Endres and Heinzel (2019), but extends them
to horizontally differentiated products for the entire range of complements and substitutes.

Scrutinizing an integrated set-up, Chung et al. (2013) find that the bundling incentive de-
creases in the degree of substitutability for a two-product firm that competes in a duopoly for
one good, holding a monopoly position in the market of the other good. In contrast to Chung
et al. (2013) and Venkatesh and Kamakura (2003), in our model the degree of substitutabil-
ity of the bundled products enhances the bundling incentive. On the one hand, this shows
that the combination of vertical and horizontal externalities can have such a strong effect on
the bundling incentive that it prevents the retailer from bundling even though customers ex-
hibit a high willingness to pay for bundles with differentiated products. On the other hand,
it demonstrates that, in addition to product differentiation, the competition-reducing and the
market extension effect have a major impact on the bundling decision, which is consistent with
Chung et al. (2013). Ultimately, it depends on the degree of product differentiation between
the bundled goods which effect prevails.

4.3 Consequences of bundling on the market equilibrium and social

welfare

In the remainder of this section, we explore the consequences of bundling on the market out-
come, assuming that bundling occurs. Henceforth, we refer to the corresponding range of 0 as
the profitable bundling interval and to bundling within this interval as profitable bundling or
simply bundling. For this purpose, we return to considering our main model.

In the downstream market, retailer Rg benefits from R4’s decision to bundle. While under
separate selling, retailer Rp prices at marginal cost and earns zero profit, under bundling, he
sets a price above the wholesale price of manufacturer M;, which yields a strictly positive
profit. Moreover, the wholesale price of M5 is always higher under bundling than under separate
selling. Therefore, retailer Rp charges a higher price under bundling.

Proposition 3 summarizes the impact of bundling in the downstream market:

Proposition 3. The demand for good 1 (good 2) is higher (lower) under profitable bundling
than under separate selling. The decrease in the total demand for good 2 consists of an increase
in retailer Rs’s quantity of good 2 and a decrease of retailer Rg’s quantity of good 2. Retailer

Rp earns higher profit when retailer Ry decides to bundle.
Proof. See Appendix F.3. [

As pointed out in Subsection 4.2, the demand of good 1 is higher under bundling for close

substitutes. Since good 2 is part of both bundles, the overall effect on good 2 also depends on
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retailer Rp’s quantity of good 2, which decreases due to the raise in the retail price of good 2
or bundle B, respectively. In total, this decrease in the demand for Rp’s version of good 2
outweighs the increase in demand for R4’s version of good 2. Therefore, bundling entails an
overall decrease in the demand for good 2.

In the upstream market, both manufacturers earn higher profit under bundling than under
separate selling. For manufacturer M| this is immediate, since both the wholesale price and the
demand for good 1 are higher under bundling. Manufacturer M, gains from bundling, since the

increase in the wholesale prices of good 2 overcompensates the loss in sales.
Proposition 4. The profits of manufacturers My and M, increase under profitable bundling.
Proof. See Appendix F.4. ]

Unlike here, bundling always reduces the profit of the manufacturer selling to both down-
stream retailers in Endres and Heinzel (2019), who consider the case of independent goods
and allow for heterogeneous quality (in the sense of Hickner, 2000). In our model, manufac-
turer M, always benefits from bundling, since the increase in retailer R4’s quantity of good 2
mitigates the decrease in retailer Rg’s quantity of good 2. In combination with the increased
wholesale price of good 2, this leads to an increase in manufacturer M,’s profit. By contrast, in
Endres and Heinzel (2019), the individual quantities of good 2 decrease for both firms, which
entails such a strong reduction in quantities that the increase in the wholesale price of good 2
does not compensate for the loss in demand. Since the result in Endres and Heinzel (2019)
also obtains for close to homogenous qualities, this suggests that it is the presence of product
differentiation that affects the relative strength of the effects, entailing an increase in the profit
of manufacturer M, under profitable bundling.

We end this section examining the welfare consequences of bundling. Notice that the pro-
ducer surplus is defined to include the profits of all retailers and manufacturers. By Proposi-

tions 3 and 4 producer surplus is higher under bundling:

Proposition 5. When bundling is profitable to retailer Ry, consumer surplus is always lower
and producer surplus always higher than under separate selling. Social welfare is lower under

bundling for 6 € (0.8827,0.9986), but higher for 6 € (0.9987,1).
Proof. See Appendix F.5. [

The decrease in consumer surplus is caused by the increase in retail prices of both bundles.
Interestingly, bundling raises social welfare when both goods are close to perfect substitutes,
viz. for 6 € (0.9987,1). In this case, the increase in producer surplus compensates for the
loss in consumer surplus. By contrast, for 0 € (0.8827,0.9986), the usual case obtains that
the increase in prices results in a higher producer surplus and a lower consumer surplus. Most

importantly, however, it involves a deadweight loss, which causes social welfare to decrease.
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The intuition is as follows. Further above, we have seen that the retail prices under bundling
are always greater than under separate selling, while the former converge to the (sum of the) lat-
ter as the degree of substitutability increases (recall Figure 3). Accordingly, for low degrees of
substitutability 8 € (0.8827,0.9986), the difference in retail prices between bundling and sepa-
rate selling is large, and bundling has a relatively strong impact on consumer surplus compared
to its impact on producer surplus. By contrast, as the degree of substitutability approaches per-
fect substitutability, the impact of bundling on the consumer surplus vanishes as the difference
in retail prices between bundling and separate selling converges to zero. Therefore, for close
substitutes 6 € (0.9987, 1), the positive impact of bundling on the producer surplus ultimately
overcompensates its negative impact on the consumer surplus, and thus bundling leads to higher
social welfare.

Observe that bundling also results in lower social welfare when the products constitute
complements or when they exhibit a small or medium degree of substitutatability, viz. for 6 €
(—1,0.8826). This reduction in social welfare is mainly driven by the higher prices under
bundling. Thus, from a welfare perspective, bundling should raise antitrust concerns in our
market set-up for almost all degrees of substitutability except for close to perfect substitutes.

Other authors, for instance Carbajo et al. (1990) or Chung et al. (2013), also find a negative
effect of bundling on consumer surplus and ambiguous results on social welfare. Similar to
us, Chung et al. (2013) identify that bundling raises welfare under price competition when the
goods are close substitutes. We add to this literature by showing that, under price competi-
tion, the degree of product differentiation represents a major factor when assessing the welfare

consequences of bundling.

5 Endogenous distribution channels

In this section, we endogenize the manufacturers’ distribution choice. This lends support for
the distribution structure of our model.

We use a framework similar to the one in Moner-Colonques et al. (2004).'® At the first stage
of our game, the manufacturers independently and simultaneously decide on their distribution
choice. Each manufacturer i picks a strategy s; from the strategy set S = {A,B,AB}, where
s;i = A and s; = B indicate that manufacturer i sells to retailer R4 and Rp, respectively, while
s; = AB means that he sells to both retailers.'® Consequently, there are nine strategy combina-
tions (s1,s2) to which we refer as distribution systems. At the second stage, the manufacturers
independently choose their price, and at the last stage, the retailers engage in price competition

as in our main set-up. We solve the game by backward induction to derive its subgame perfect

18 Just like us, Moner-Colonques et al. (2004) utilize a quadratic utility function such as proposed by Dixit (1979)
and Singh and Vives (1984). However, they differ in that they examine quantity competition in the downstream
market, focus on asymmetric qualities, and consider substitutes, but no complements.

Notice that not selling to anyone is a strictly dominated strategy.
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equilibrium (SPE).

Proposition 6. For 6 € (0.9122,0.9716), any SPE of the three-stage game involves an asym-

metric distribution system s* at stage one, that is, we have
s* € {(A,AB),(B,AB),(AB,A),(AB,B)}.

Proof. See Appendix E.7. [

The intuition is as follows. On the one hand, when one manufacturer distributes to both
retailers, then it is optimal to the other manufacturer to pick a single retailer when the products
are close substitutes, viz. for 8 > 0.9122. In this way, he avoids the strong interbrand compe-
tition in the downstream market that would result when selling to both retailers. On the other
hand, when one manufacturer picks a single retailer, the other manufacturer only introduces
interbrand competition at one retail store when distributing to both retailers. Selling to both
retailers, he benefits from the output expansion effect provided the products are not too close
substitutes, viz. for 8 < 0.9716.

Thus, our finding provides support for the asymmetric distribution system that lies at the
core of our modeling framework. Observe that the interval (0.9122,0.9716) lies entirely within
the interval of profitable bundling, (0.8827,1).

6 Conclusion

In this paper we have studied a distribution channel with two monopolistic manufacturers, each
producing a differentiated good, and two retailers. One manufacturer exclusively sells to one
of the retailers, while the other manufacturer sells to both of them. The two-product retailer has
the option to bundle the goods or to sell them separately. We have investigated how product
differentiation of the goods impacts on the equilibrium outcome and on the incentives of the
two-product retailer to bundle these goods. Furthermore, we have analyzed the consequences
of retail bundling for social welfare.

We find that, with increasing complementarity, both under separate selling and under bundling
prices and quantities increase. For complementary products, the demand of each product stim-
ulates the demand of the respective other product. This mutual demand-enhancing effect is so
strong that it outweighs the negative effect caused by the increase in prices.

Regarding the incentives for bundling, we obtain that the two-product retailer only sells
his products in a bundle when the products constitute close substitutes. Only then does the
competition-reducing effect of bundling compensate for the negative effects of bundling, caused
by the aggravation of the double marginalization problem. For substitutes, the two-product re-
tailer not only competes with the other retailer for the homogeneous good, he also faces com-

petition between the two goods offered by himself. Accordingly, bundling reduces competition
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in two ways, both within and across the two product markets. When the two goods become
close substitutes, eventually the competition-reducing effect of bundling becomes so strong
that bundling becomes profitable.

Our analysis complements the findings of Lewbel (1985) or Whinston (1990), who illustrate
that bundling may not be profitable in an integrated set-up when the original goods represent
complements. We show that the negative impact of an aggravated double marginalization prob-
lem can never be outweighed by the positive effects of bundling for any degree of complemen-
tarity. This holds even though bundling reduces the intensity of competition in the downstream
duopoly and though customers derive a high utility from consuming complementary goods.

To gain a better understanding of the driving factors behind our results, we have exam-
ined two variations of our set-up. First, we have analyzed a centralized channel, in which the
downstream firms have all market power. This eliminates the double marginalization problem.
Second, we have investigated a decentralized channel with a multi-product manufacturer who is
the sole producer of the two products. In both market variations, bundling is always profitable,
independently of the degree of product differentiation. We thus conclude that it is a combina-
tion of vertical externalities and horizontal externalities upstream that negatively impacts on the
retailer’s bundling incentives. In this vein, we extend findings identified by Bhargava (2012),
Heinzel (2019), and Endres and Heinzel (2019) to the case of horizontal product differentiation.

Regarding social welfare, we find that bundling always reduces consumer surplus and al-
ways increases producer surplus in our main set-up. The overall effect of bundling on social
welfare depends on the degree of product differentiation. Bundling raises social welfare for
close to perfect substitutes. Even though the prices under bundling are always higher than
under separate selling, we observe that the difference becomes smaller with increasing substi-
tutability. Only when the goods represent very close substitutes, the positive effect of higher
prices on the producer surplus outweighs their negative effect on the consumer surplus.

Finally, we have provided support for our asymmetric market set-up. Endogenizing the
manufacturers’ distribution decision, we have demonstrated that our market structure indeed
arises in equilibrium, provided the products are close, but not too close substitutes. Notice,
however, that bundling has a negative impact on social welfare in the corresponding range of
product differentiation.

Our paper stresses the importance of product differentiation for (retail) bundling, consider-
ing retail competition in a vertically related market that is characterized by double marginal-
ization. While the existing literature has remained inconclusive about the effect of product
differentiation on retail bundling and welfare, this paper sheds further light on the issue. More
importantly, our analysis shows that, within our market framework, product bundling should

raise serious antitrust concerns.
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Appendix

A Decentralized channel (main model)

A.1 Separate selling: market equilibrium

Under separate selling, the two-product retailer R4 maximizes (6), where we substitute g4; =
01 and insert (4) to obtain

a—p1—(a—p2)0
1— 62

Ty = (p1—wi) + (pa2 —w2)qa2. (A.1)

. . . 2
Notice that 7y is strictly concave in p; because of %Ifﬁ“ = —ﬁ <0forb e (—1,1).
1

Maximizing (A.1) yields the corresponding first order condition (FOC):

aﬂ?A_a(l—Q)—i—Wl—Zp]—l—pz@ LO
8[91 N 1-62 -

which characterizes the monopoly price of good 1.
Turning to the upstream market, we observe that the profits 7; and 7, are strictly concave

—1 ’m, _ —2+62
gz < 0and 505 =575

. . 2 . . .
in wy (respectively w») because of % = < 0. Maximizing 7; and
1

m, results in the following FOCs:

om _a(1—6)+k—2W1+W29 1
owy 2(1—62) -

M _a(2-0-6%) +k(2—6%) +wi0 -2w(2-6?) 1
dwy 2(1— 62) e

Solving the FOCs, we obtain the equilibrium wholesale prices (14) and (15), which we insert

into (6)-(13) to obtain the equilibrium prices, quantities, and profits under separate selling, such

as summarized in Table 1 (see Appendix A.5).

A.2 Separate selling: welfare
The producer surplus includes the profits of all firms in the market:
PSS=m+ny+n+m

a—k)2(1—0)(112+ 1446 —86% — 6003 — 156*
|
N 4(146)(8—562)2 ‘
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Consumer surplus is given by CSS = CS‘lg —I—CSg. Following Carbajo et al. (1990), we set CSf =
S 8
S0 and CS5 = 5203 Social welfare amounts to WS = PS5 +CS5.

(a—k)>(4+206 —6°)(4—26 —367)
8(8 —562)2
(a—k)>(4+36)(2—6%)(46 —26?)
4(1+6)(8 —562)2
(a—k)*>(80 4960 —486% — 7603 4 50 4-156°)
8(1+6)(8—562)2 ’

cSS =

(a—k)*(304 + 1606 — 35202 — 1806° +9560* 4-450°)

W = 8(1+0)(8—502)2

A.3 Bundling: market equilibrium

Under bundling, retailers R4 and Rg maximize (22) and (23) subject to (20) and (21), respec-
tively. Solving the corresponding FOCs,

Omy  a—2pa+pp+wi+wr—ab+ppl 1
opa (1—-6)(1+6)

=0,

ong  pa—4pp+2wy
= = O,
d PB 1—-6
yields the equilibrium retail prices (24) and (25). Notice that w4 and 7p are strictly concave
because of 882;? = —2 <Oand %2:%5 =15 <0for6 e (—1,1).

In the upstream market, maximizing 7; and 7, results in the following FOCs:

omy  4a+3k—6w; —wy—4a6 — k60 +2w10 +3w20 |

= =0, A2
Iy (7-0)(1-0)(116) (A.2)
Omy  6a+5k—wi—10wr —4a0 — k6 + 3w1 0 + 2w 0 —2a6% — 2k62 + 4w, 67 | 0
owy (7—-0)(1—-6)(1+0) B
(A.3)
Notice that the profit functions are strictly concave because of P 2=3+46) < 0 and

(7-6)(1-6)(1+6)
2
%anzz = (72_(;)5(ng)2(16 +)9) < 0for 8 € (—1,1). Solving (A.2) and (A.3), we get the equilibrium
2

wholesale prices (28) and (29).

Inserting these into (20)-(27), we obtain the equilibrium prices, quantities, and profits under

bundling, such as summarized in Table 1 (see Appendix A.5).

The cross-derivatives of the upstream quantities with respect to the wholesale prices show
the following signs: an = g% <0for0 e (—1,1/3) and aQZ = ggl >0for0 e (1/3,1).
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A.4 Bundling: welfare

Producer surplus is denoted by PSBL = Bl + xBL + 2B 1 7BL and consumer surplus by CSBL =

_ BL __,BL
CSBL 4 CSBL. Following Carbajo et al. (1990), we set CSBL = 22-PA pBL and CSBL — “—Pi_ pBL.
Social welfare amounts to WBL = pSBL - CSBL,

PSBL = (36101 + 64696 —272420% — 229467 + 54096* — 4156° —2366° +-3267)
y 2(a—k)*(1-0)
(7—6)2(1+6)(59— 2660 —2962 +863)2’

2(a—k)>(3—0)(17+46 —562)(131 +96 — 6762 —56° +46%)
(7—6)2(1+6)(59 — 260 — 2962 +863)2
2(a—k)?(29 — 106 — 1962 +463)(80 — 150 — 386% +96°)
* (7—60)%(59— 260 — 2962 + 8072
2(a—k)%(9001 + 8896 — 965862 — 66263 +33650* — 116 —3886° +5667)
(7—6)2(1+6)(59 — 260 —2962 +863)2 ’

csBl =

WBL = (45102 — 2874360 — 433696 +242866° + 110686* — 58356° —2096°
2(a—k)?
(7—6)2(1+6)(59 — 266 — 2962 +863)2°

+324607 —3268) x

A.5 Summary of the market outcomes

Table 1 collects the equilibrium values under separate selling and bundling:

Separate selling Bundling
. S 12a+4k—(6a—6k)6—(9a+k)0>+(3a—3k)63 B _ 2(282a+131k—250a0+9k0—110a0>—67k0>+90a6> —5k603 +4k6* —12a6*)
Downstream | py = 16-1062 Py = (7-0)(59—266—29621867)
rices s _ 4at+dk—(a—k)6—(3a+2k)6> BL __ 253a+160k—211a0—30k6—101a0%—76k6>—8a6*+18k63 +67a63
prices = 8562 Pg = (7-6)(59—260—29671865)
S _ (a—k)(4+260-6%) BL _ _ 2(a—k)(3-6)(17+40-56%)
Downstream 941 = 2(1+6)(3-302) b = (7-0)(1+6)(39-266—29671 865)
- s _ (a—k)(4+36)(2—62)
quantities Gar = T3140)(3-567)
s (a—k)(4+36)(2—6%) pBL — 2(a—k)(29-106—196%+46°)
952 = 40110)(3-562) B~ (7-0)(59-260—2967+86%)
. S _ (a—k)(4+20-6%) BL _  2(a—k)(3-6)(17+46—56%)
Quantities 01 = Fire)5=3507) 1" = 5-6)(1+0)(59-260—2907 186
0 = (-h(E136)2-6%) QBL — _Ha—k)(8+30-6%)(5—6-26°)
27 2(1+6)(8-356%) 2 T (7-6)(1+6)(59-266—2962+86°)
S s (a—k)>(1-6)(4+26-6%)? BL _ 4a—k)>(3-6)(1-6)(17+46-56)2
Manufacturer | 7 = =y oy sgmye T = 7=8)(118)(59-260—2967 18672
S _ (a=k)X(1-0)(2-6%)(4+36) BL _ 16(a—k)*(1-6)(8+36—62)*(5-6—-26%)
profits = 2(176)(8—562)7 B = T (76)(116)(59- 26029018672
. R —k)2(1-6)(44+26—6%)2 BL _ 4(a—k)2(3—6)*(1-6)(17+46—562)2
Retailer profits = (a—k)*(1-0)(4+26_6%) - =
p A 4(1+6)(8—562)2 A (7-6)*(1+0)(59—260—2962+863 )2
=0 Bl — 2(a—k)*(1-6)(29—100—196%+46%)%
B~ B~ T (7-6)%(59-260—296%+863)%
S _ (a=k)*(1-0)(112+1446—862—600°—156*) BL __ 2(a—k)*(1-6)(36101+64690 2724262229463 +54096* —4150° —2360°+3267)
Producer surplus | PS> = 4(1+0)(5—562)2 P = (7—0)2(1+0)(59—260—2962+807)2
S _ (a—k)>(80+960-486%-760°+50*+1507) BL __ 2(a—k)*(9001+8890—96586%—66260°+33650* —116°—3880°+5607)
Consumer surplus | CS” = 8(110)(3-562)2 ™= (7-6)2(1+6)(39—260—2902+305)?
. S (a—k)*(304+1606 352621800 +950%+456%) BL __ 2(a—k)?(45102-287430—433690%+242860°+110680* —58350° —2096°+32407 —326%)
Social welfare | W* = 8(1+0)(8—562)2 W= (7—0)2(1+8)(39-260—2902+86°)2

Table 1: Market outcomes in a decentralized channel
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B Centralized channel

B.1 Summary of the market outcomes

Inserting the equilibrium wholesale prices of the centralized channel, wf = wg = k, into (6)-
(13) and (20)-(27), we obtain the equilibrium outcomes under separate selling and bundling,
respectively, such as collected in Table 2. Note that the condition in Carbajo et al. (1990),
p| > p5, is satisfied for all 8 € (—1,1).

Separate selling Bundling

Downstream prices pf = M paBL = 4a+10k71(2a72k)9
p.g =k pBBL — a+76fga9
Downstream quantities | g3, = 28—;"9) pBL = —(71‘(9‘321’29)
s _ (a—k)(2+6)
TA2 = ~4(1+9)
s _ (a—k)(2+6) pBL — 2(a=k)
92 = “4(1+0) B = 7-8
Quantities 03 = =k OBL = 4(a—k)
17 2(1+90) 1 = 7-6)(1+9)
_ (a=k)(2+6) OBL — 2(a—k)(3+6)
2 7 (7-6)(1+06)

Retailer profits = —(a;f)lif 9;0) Bl — 16labyli—6) (67(3%51_6?)
ng —0 ngL _ 2(u(—7k129()12—9)
Manufacturer profits | 7} = 0 mbl =0
5 =0 B =0
Producer surplus PSS = % PSBL = z(az7k22é;2?fl(g;r )
Consumer surplus | CSS = —(a—ggff$3e) CSBL = —2((2112)22((1 13:3)9 )
Social welfare WS — @kP(746) | yBL _ 2a—k)?(22-36_6%)

8(1+06) (7-6)2(1+9)

Table 2: Market outcomes in a centralized channel

B.2 Bundling decision

Bundling is optimal to retailer R4 for all 8 € (—1,1), since a > k implies

S <0.

(a—k)*(15—6)(—1+6)
2

BL
— T —
4 4(7-0)

Ay =1
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C Multi-product monopoly

C.1 Market outcome under separate selling

Under separate selling, a multi-product monopolist maximizes

iy = (w1 —k) Q1+ (w2 —k) Q> (C.1)

subject to (10) and (11). Notice that my is strictly concave in both w; and w; because of

Pry -1 Pry . —2+62
wd — (1=0)(1+8) = 0and v — (1=0)(1+8) = 0.

Maximizing (C.1) yields the FOCs

ony  a+k—2w;—ab —kO+2w0 |
owy 2(1—6)(1+06) o

dny  2a+2k—4wr—ab — kO + 2w 0 —ab? — k6? + 2w, 6> 1o
owy 2(1-0)(1+0) 7

which characterize the unique solution wf = wg = “T“‘

Inserting these values into (6)-(13), we obtain the market outcome, such as summarized in
Table 3 (see Appendix C.3).

C.2 Market outcome under bundling

Under bundling, the multi-product monopolist maximizes 7y = 74 + 7 subject to (20), (21),

- Py _ 2(6-3) Pry  2(26%+6-5)
(24), and (25). Notice that ay’:%’ = @ 7e-nen < 0and avfg = @ e <0

Solving the maximization problem, we obtain the following FOCs:

ony  2(2a+2k—3w; —wy —2a0 —2k0 +w10 +3w,0) |

— =0
Iwi (7-6)(1-0)(1+0) ’
dny  2(3a+3k—w; — 5wy —2a6 —2k0 + 3w 0 +wr0 —ab* — k6% 4+ 2w, 6%) | 0
owy (7—06)(1—-6)(1+0) -
which again yield the unique solution w8l = w5l = <Xk,

Table 3 also displays the market outcome under bundling. Notice that pf > pg for all
0c(—1,1).
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C.3 Summary of the market outcomes

Separate selling Bundling
Downstream prices | p; = 34th=a6tk6 | ,BL 4“+5(“+7kl_9(3“_k)9
py =" pht = wrigr=at
Quantities g = 4(‘11%) bEE = —(7_2(903?1]2 )
qfxz = (ag(kl)fé;e)
dh="Sie |t =5
Downstream 0] = ﬁ OBt = (7—259636?9)
quantities Q‘§ = —(al(k 35_2;39) Q§L = —((;l:z))(aiz))
Manufacturer profits 77:5 = (ﬂl;’z)ﬁ# nik = é?;fgz)((sliz))
Retailer profits T = %j}g)m nfL 42(741::))22 <(11J:g))
=0 Bl = (a;(l;)i(;)—z@)
Producer surplus | PSS = —(afé()lzfége) PSBL — (a—(l;)j(ez)zzsze—)ez)
Consumer surplus | CSS = —(ag/;)é(j-g; 9) | csBL = —g’&%g%?;f g))
Social welfare WS = —(afgzl(fg)se) WBL — (a;f,az_(g;;(?jtgf 2

Table 3: Market outcomes in a multi-product monopoly

C.4 Bundling decision

Bundling is always optimal to retailer Rx:

S

(a—k)?(15—6)(—1+0)

Amy =3 — il =

16(7— )2

which holds true because of a > kand 6 € (—1,1).
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D Further analysis

D.1 Comparisons: downstream prices

We have
2
pi—p = (a_k)é(lg__?éj)_w ) <o,
Apa = pi+ps—pi-
(a—k)(1—0)(1+0)(764+ 1240 — 58907 +340° + 1356* — 246°)
- 2(7—6)(8—562)(59 — 260 — 2962 1 863) <9,
Aps = p>—pi-

(a—k)(1-6)(372+616 —3066° +456° + 726" — 166°)
(7—0)(8—562)(59 — 260 — 2962 +863)

<0,

since the terms in parentheses are strictly positive because of a > kand 6 € (—1,1).

D.2 Partial derivatives: downstream prices

3(a—k)(164+80—1460%+56%)
2(8+5602%)2
16486 — 1402 +50* = 0, since the remaining terms in parentheses are strictly positive. Notice

8
Consider ae = —

. Its roots in (—1, 1) correspond to those of ¢;(0) =

that @ (6) has a unique root 8; in (—1,1), which is approximately given by 8, ~ —0.9407.
S A S A

Moreover, we have % >0 for 6 € (—1,6;) and % < 0for6 € (6;,1).

(ah)(8486456%) () forall 6 € (—1,1).

We have 89 = —

(8—5607)2
_ 8(a—k)(8822—22426—546562+292003+9760% —62260°1756°)
We have 83 =— (7—0)2(59—260—2962+863)2 <0, forall® € (—1,1).
IpBt  2(a—k)(13085—30680—274662+77203+12776* —6086°+726°)
We have ag =— (7—6)7(59_266 29671867 <0, forall® € (—1,1).

1882688—36216560 —21722726%+69389686° —96399364 —50203666° 4215092166
2(7—6)2(8—562)2(59—260—2962+863)2
+ 152342807 —9102636%—-986300°+1188076'9—2040060'1+-9609 2
2(7—6)2(8—562)2(59—260—2962+863)2
given by 6, ~ 0.6265. Moreover, we have aAp 4 <0 for 6 € (—1,6,) and aAp A > 0 for
0 € (6,,1). Since Apy <0 for all 6 € (—1, 1), the absolute difference |Ap,| is decreasmg

in9for9>éz

JdApp __ 310328—16472860—100043762+1045802603+5834716* —7925000° —1217436°
Consider =55 = (a — k) (7—6)2(8—502)2(59—260 290218632

Consider aag/‘ =—(a—k) (

> , which has unique root 6, in (—1,1),

+ 197474607 +124136%—241126°+328061°
(7—6)2(8—562)2(59—260—2962+863)2

63 ~ —0.5594. Moreover, we have 8333 <0for @ € (—1,6;) and aApB >0 for 8 € (65,1).

) . This has unique root 63 in (—1,1), which is given by

D.3 Partial derivatives: quantities

Ql _ (a—k)(16—246—626>—200°+50%)
Consider = 2(118)2(3-507)

. This has a unique root 6 in (—1,1), which

approximately equals 64 ~ 0.3394. Moreover, we have an <O0for6 e (—1,6,) and Q‘ >0
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for 6 € (64, 1).
Q _ (a—k)(16—160—460%—1267+56%)
Consider —g* = — S(116)7(3-367)°

(—1,1), which is given by 65 ~ 0.4272. We have Q2 < 0for 6 € (—1,65) and > 0 for

6 < (957 ) BL 2 3 4 5 6 7
1 ObRL 2(a—k)(10837-2694260—149136%+1490803 46436276605 +8416°—8067) .
Consider —5- = — (7—0)2(116 (592602967 80°)2 , which has

~ N BL R
a unique root 6 in (—1,1). We have 65 ~ 0.3568. Observe that ag—g < 0for 6 € (—1,6q) and

Clrs A
56 = 0 for 6 € (9671)

2(a—k)(2859—542860-+3706%+7000°+6676*—30465+326%)
(7—6)2(59—2660—2962+863)2

6, in (—1,1), which is given by 6; ~ 0.5873. We have ‘95—? >0 for @ € (—1,65) and 8bB <0
for 6 € (6;,1).

. Notice that this has a unique root s in

. IbBE . .
Consider —g- = . This has a unique root

E Endogenous distribution channels

In this appendix, we analyze the endogenous choice of distribution channels.

The consumers’ demand functions are given by (4) and (5), since they do not depend on the
distribution choice of the manufacturers. Similarly, the profit functions of manufacturers M;
and M, are given by (12) and (13), respectively.

We compare several market set-ups, some of which represent mirror cases of another set-up.
While we depict all market set-ups in the following, we present the equilibrium solutions only
for one representative distribution system. The equilibria of the remaining distribution systems

can be determined analogously.

E.1 Partial exclusivity — manufacturer 1 sells exclusively

Manufacturer M either sells to retailer R4 or to retailer Rg. The distribution system is (A,AB)
or (B,AB).

M,

e

Distribution system (A,AB) Distribution system (B,AB)

IFinal Customer|

The following calculations refer to distribution system (A,AB), where M| sells exclusively
to R4. This is exactly the distribution system of our main set-up. Thus we can adopt our results

from Appendix A. Table 4 collects the equilibrium results of all distribution systems.
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E.2 No exclusivity — both manufacturers sell non-exclusively

Both manufacturers sell to both retailers. The unique distribution system is (AB,AB).

Distribution system (AB,AB)

The profits of retailers R4 and Rp are given by

mta = (pa1 —w1)qa1 + (pa2 — w2)qa2,

ng = (p1 —w1)qB1 + (PB2 — W2)qB2-
In this case, the equilibrium retail prices correspond to the input prices:
pr=pmi=pp=w1 and py=par = pp=w.

We insert the equilibrium prices into (4) and (5) to obtain the equilibrium upstream demand:

a—wy,—(a—w;p)0
1— 62

_a—wi—(a—w2)0
Q= o2

and Q)=

Inserting these in turn into (12) and (13) yields

(wi—k)(a—w;—(a—w)0)

T = 1_92 )

(wy —k)(a—wp—(a—w1)0)
1—-062 ’

T =

E.3 Full exclusivity — dual exclusive relationships

Both manufacturers sell exclusively, each one to a different retailer. The distribution system is
(A,B) or (B,A). The following calculations refer to distribution system (A, B).

M
i

Distribution system (A, B) Distribution system (B,A)

[Final Customer| [Final Customer|
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The profits of retailers R4 and Rp are given by
Ty = (p1 —w1)01,

g = (p2 —w2)Qa,

and the equilibrium retail prices by

_ 2a+2w; —(a—w2)0 —ab?
B 462 ’

P1

2a+2wy — (a—w1)0 — ab?
2= > :
4-6

We insert the equilibrium prices into (4) and (5) to obtain

0 _2a—2w1—a8+w29—a92+w192
LT T2 (1-0)(1+0)(2+6)

0, = 2a— 2wy —ab + w0 —ab?+w,0?
2T T 2-0)(1-0)(1+6)2+0)

Inserting these in turn into (12) and (13), we get

(w1 —k)(2a — 2wy —a@ +w,0 —ab? +w6?)
(2-0)(1-6)(1+0)(2+06) ’

T =

(wy —k)(2a — 2wy —a® +w10 —ab? +w,6?)

= 2-60)(1-6)(1+6)(2+86)

E.4 Full exclusivity — exclusive selling to same retailer

Both manufacturers exclusively supply the same retailer. The distribution system is (A,A) or

(B, B). Our calculations refer to distribution system (A,A).

" () "

IFinal Customer| IFinal Customer|

= - ()

Distribution system (A,A) Distribution system (B, B)

The profit of retailer Ry is given by

s = (p1—w1)Q1+ (p2—w2)0s.
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Since no product is distributed to retailer Rp, retailer R4 sets monopoly retail prices:

_a+wp and _a+w
PL= > P2 = >

We insert the equilibrium prices to obtain the demands

0 _a—wi;—ab +w;0 and 0 _a—wy—ab+w0
YT 201 -6)(1+0) 2T 2(1-0)(1+6)

Inserting these in turn into (12) and (13), we get

- _(wl—k)(a—wl—a9+wze) and T —
b 2(1—-0)(1+6) 2

(Wz—k)(d—Wz—a9+W19)
2(1=0)(1+0)

E.5 Partial exclusivity — manufacturer 2 sells exclusively

Manufacturer M, either sells to retailer R4 or to retailer Rg. The distribution system is (AB,B)
or (AB,A). This case is analogous to the distribution system (A,AB), with the two manufactur-

ers switching roles. The equilibrium market outcome is listed in Table 4.

IFinal Custome

Distribution system (AB, B) Distribution system (AB,A)

E.6 Market outcomes across distribution systems
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(A,AB) (AB,AB) (A,B) (A,A) (AB,B)
da+4k—(2a—2k)0—(3a+2k) 0% +(a—k) 6> atk—ab 2a-+2k—ab—(a+k)§? atk—ab dat4k—(a—k)6—(3a-+2k)6>
Wi 8502 2-9 1-6-262 2-0 8502
da+dk—(a—k)0—(2k+3a)6> a+k—ab 2a-+2k—ab—(a+k)6* a+k—ab da+4k—(2a—2k)6—(3a-+2k) 0% +(a—k) 6>
w2 3502 2-6 4-0-262 2-6 8562
12a+4k—(6a—6k)0—(9a+k)6*—(3k—3a) 0> 6a+2k—6a6—2a6>+2a6°—k6> 3at+k—2a0
P 2(8-562) Wi = (2f9)(4ioj292) uz?zfegl Wi
6a+2k—6a0—2a0%+2a603—k6> 3at+k—2a6 12a+4k—(6a—6k)0—(9a+k) 02+ (3a—3k) 63
P2 w2 w2 - (2fe)(4iejzélz) "{{2,9‘; 2(3-567)
(a—k)(4+20—62) a—k (a—k)(2—6?) a—k (a—k)(4+36)(2—62)
i 2(1+6)(8-562) 2-6)(1+0) (2-6)(1+6)(4—6-262) 2(2-6)(1+6) 2(1+6)(8-562)
(a—k)(4+36)(2-6%) ak (a—k)(2—6%) ak (a—k)(4+20—67)
% 2(1+6)(8-567) 2-6)(1+6) (2=0)(1+6)(4—6-262) 202-6)(1+6) 2(1+6)(8-562)
. (a—k)*(1-6)(4+26—62)° (a—k)*(1-6) (a—k)*(1-6)(2+6)(2—6%) (a—k)*(1-6) (a—k)*(1-6)(4+36)>(2—62)
1 2(1+6)(8-562)2 (2-0)2(1+0) (2— 9)(1+9)(4 0-202)2 (2-0)2(1+0) 2(1+6)(8—562)2
T (a— k) (1-6)(4+36)*(2—62) (a—k)?(1-0) (a—k)*(1-6)(2+8)(2—6%) (a—k)*(1-6) (a—k)*(1-6)(4+26—62%)°
2 2(1+6)(8—56%)? (2-6)%(1+6) (2-6)(1+6)(4—6-262)2 (2-90)%(1+6) 2(1+60)(8-562)2
(a— )( 0)(4+20— 92)2 0 (a—k)*(1-6)(2—6%)* (a—k)? 0
A 4(1+6)(8—562) (2-6)2(1+6)(4—6—262)? 2(2-6)2(1+6)
(a—k)*(1-6)(2—6%)? (a—k)*(1-)(4+20—0%)?
B 0 0 (2-6)2(1+6)(4_0—262)7 - 4(116)(8—562)2

Table 4: Market outcomes across distribution systems

E.7 Determination of Nash equilibria

We first examine the best response correspondence of the manufacturers. Subsequently, we

derive the Nash equilibrium distribution systems of Proposition 6.

Lemma. Letiand j, j # i, denote manufacturers i and j, respectively. Then there exist
6,6 c (—1,1) with 8 < 0 such that:

(i) if @ € (—1,0), then, for any strategy s; € S, the set of best responses by manufacturer i
is given by st = {AB};

(ii) if0 € (0,0), then the set of best responses by manufacturer i is st ={AB} fors; € {A,B},
and it is s; = {A,B} for sj = AB;

(iii) if 0 € (0,1), then the set of best responses by manufacturer i is given by s¥ = {B} for
si=A, itissf ={A} fors; =B, and it is s; = {A,B} for s; = AB.
Moreover, we have that 6 ~ 0.9121 and 6 ~ 0.9716.

Proof of the Lemma:  Without loss of generality, let i = 1 and j = 2. First, consider
sp = A. For My, strategy A does strictly worse than AB, since a >k and 6 € (—1,1) imply

(a—k)*(1—6)(64—726%+166° +216% —96°)

ﬂl(ABvA>_7rl(A7A) = 2(2—9)2(8—592)2

> 0.

It is hence sufficient to compare 71 (AB,A) and 7;(B,A). We have

(@a—k)*(1-6)(2—6*)y1(6)
22— 0)(1+6)(4—0—202)2(8 —562)2’

TCI(AB’A) _TCI(B7A> = (E.1)

where yi(6) = 256 + 1280 — 512602 — 28867 + 3186* + 1896° — 600° — 3667. Because of
a>kand 6 € (—1,1), the roots of (E.1) and y1(8) coincide. There exists a unique root 8 €
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(—1,1), which is approximately given by 8 ~0.9716. Moreover, we have 7 (AB,A) > 7 (B,A)
for 6 € (—1,0) and 7 (AB,A) < m;(B,A) for 8 € (0,1). The third column of Table 5 further
below collects our findings for this case.

Second, for s, = Rp, the analysis is analogous to the previous case, by symmetry between
strategies A and B. The fourth column of Table 5 corresponds to this case.

Finally, suppose s = AB. By symmetry between strategies s; = A and s; = B, it suffices to
compare AB and A. Consider the corresponding profit difference:

(a—k)*(1-6)(2—6%)y2(6)
22—-6)2(1+6)(8—562)2 °

m1(AB,AB) — 1 (A,AB) = (E.2)

where y;(0) = 32 — 3262 — 863 + 6*. Because of a > k and 6 € (—1,1), the roots of (E.2)

and y,(0) coincide. There exists a unique root 6 € (—1,1), which is given by 6 ~ 0.9121.

Moreover, we have m;(AB,AB) > m;(A,AB) = m(B,AB) for 6 € (—1,60) and 7 (AB,AB) <

7 (A,AB) = m (B,AB) for 6 € (0,1). The last column of Table 5 summarizes this case. 0
Table 5 displays the best response sets characterized in the above lemma:

M; (j#1)
A B AB
0c(—1,0) | {AB} | {AB} | {AB}
M; | 6€(6,0) | {AB} | {AB} | {A,B}
) [ {8 [ {4 [{aB)

Table 5: Best response correspondence of manufacturer M; (fori = 1,2)

Proof of Proposition 6: Consider 6 € (0.9122,0.9716) and notice that (0.9122,0.9716)
C (6,0). Hence, part (ii) of the above lemma applies. It follows that s7 = A is a best response
to s7 =AB and 57 = AB is a best response to s; = A. Since this holds for any i € {1,2} and
J =3 —1, the distribution systems (A,AB) and (AB,A) constitute a Nash equilibrium. A similar
argument applies when we replace s7 = A by s7 = B. Therefore, the distribution systems (B,AB)
and (AB, B) constitute a Nash equilibrium as well. d
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F Proofs of Propositions 1 -5

F.1 Proposition 1

Bundling is profitable for Ry if, and only if, Amy = 73 — 8L < 0. Notice that

Am — (a—k)*(1-6)(44+20—-02)?% 4(a—k)*(3—6)*(1—06)(17+46 —56%)?
o= 4(1+6)(8—562)2 ~ (7—6)2(1+6)(59—266 —2962 +863)2
(a—k)*(1-6)p2(6)
4(7—6)2(8—562)2(59 — 260 — 2962 +863)2

x (3284 — 2986 — 323167 + 48763 4+ 6956* —2016° + 86°), (F.1)

where the roots of @,(0) =20 +26 + 236 — 56603 —96* + 86> coincide with those of Ay,
since the last term of (F.1) is strictly positive. Observe that there exists a unique root fg in
(—1,1), which approximately equals g ~ 0.8826. Moreover, it holds that Amy > 0 for 6 €
(—1,6g) and Amy < 0 for 8 € (g, 1).

F.2 Proposition 2

Bundling involves a higher wholesale price for good 1 if, and only if,

Aw) = Wf—W?L

_ (a—Kk)(1-6)(1+6)(36+146 —376> —36° +86") ~0
B (8 —562)(59 — 260 — 2962 +863) '

Observe that Aw; has a unique root B in (—1,1), which is given by 6o ~ —0.9174. Moreover,
it holds that Aw; > 0 for 6 € (—1,8) and Aw; < 0 for 6 € (o, 1).
Bundling entails a higher wholesale price of good 2 because 6 € (—1,1) and a > k imply

Awy = wg — whk

~ (a—K)(1-6)(1+6)(20+360 —46° — 6?) ~0
B (8 —562)(59 —260 —2962 +86°3) '

Finally, the sum of wholesale prices is higher under bundling because of

Aw = (w]+w3)— (wWhEwhh)
_ 8a+8k—3ab +3k6 — 6a6% — 4k6? + ab> — k6°
B 8—562

2 (33a+ 26k —23a6 —3k6 — 17a6* — 12k6? + 7a6° + k63)
" 59 —260 —2962 + 863
(a—k)(1—06)(1+6)(56+176 —386% —76° +86*) -0

(8 —562) (59 —266 — 2962 +863) ’
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where the strict inequality follows from 6 € (—1,1) and a > k.

F.3 Proposition 3
Bundling implies a higher Q; if, and only if,
AQ) = Q7 - 0FF

(a—k)p2(0) -0
2(7—0)(8—502)(59— 260 —2962+863)

where @;(6) has been defined in section F.1. Because of a > k, its unique root g in (—1, 1) also
represents the unique root of AQ;. Moreover, we have AQ; > 0 for 6 € (—1, ég) and AQ; <0
for 6 € (g, 1).

Bundling entails a lower Q, for all 8 € (—1,1), because a > k implies

AQ» = 05— 05"
_ (a—k)(744 — 64260 — 73667 4+ 6796° + 1100 — 1676° +246°)

0.
2(7—0)(8—56%)(59— 260 — 2962+ 865) ”

Bundling entails a higher quantity of good 2 for retailer R4 if, and only if,

Agar = ¢, — ba

_ (a—k)(40+8700 — 125867 — 117763 + 11176* +34360° — 2230° +2407) “0
B 4(7—-0)(1+6)(8—562)(59—260 —2962 +863) '

Observe that Agu» has two roots, which approximately equal 89 ~ —0.0434 and ;; ~ 0.6200.
Moreover, we have Agay < 0 for 6 € (—1, 910) and for 0 € (éll, 1), while Ag4> > 0 holds for
0 c (élo, 0 ). Thus, under profitable bundling, the quantity of good 2 sold by firm A increases.

Bundling entails a lower quantity of good 2 for retailer Rp, since 0 € (—1,1) and a > k

imply

Agp> = g, — b

_ (a—k)(1448 — 6666 — 14986% + 10636° +4616* — 4576 — 636° +2407) =0
B 4(7—6)(1+0)(8—5602)(59 — 2660 —2962 +863) '

Bundling is beneficial for Rp, since ﬂg = (0 implies

Anp = mp— Ty
2(a—k)*(1—6) (29— 106 — 1962 +463)°
(7—6)2(59 — 260 — 2962 + 863)*

which is strictly negative because of 6 € (—1,1) and a > k.
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F.4 Proposition 4

Bundling is beneficial for manufacturer M, if, and only if, Am; = 7r15 — nf;L < 0, where

Am (a—k)>(1—-0)(4+20—6%)?2 4(a—k)>(3—0)(1—0)(17+46 —562)?
o= 201+ 6)(8—5622  (7—6)(1+6)(59—260 —2962 + 863)2

(a—k)*(1—6)p3(6)
2(7—6)(8—562)2(59 — 260 — 2962 + 863)2

and where ¢3(0) is defined by

@3(0) = —54032— 163366 + 12214862 —9400° —983216* + 187006°
+3243860° — 916007 — 329768 +12326° — 64610,

Notice that Am; = 0 if, and only if, ¢3(6) = 0 because of 6 € (—1,1) and a > k. There exists a
unique root 8, in (—1,1), which is given by 01, ~ —0.7799. Moreover, we have Am; > 0 for
0 € (—1,012) and Amr; < 0 for 6 € (6, 1).

Bundling entails a higher profit of M, if, and only if,

Amy, = m5—nbt
(a—k)>(1—6)(2—6%)(4+36)?
2(14+6)(8—562)2
16(a—k)*(1—6)(8+30 —02)>(5—6 —26?)
(7—6)(1+6)(59 —268 —2962 +863)2
(a—k)*(1-6)9s(6)

_ 0
2(7—0)(8—562)2(59— 260 —2962 1 803)2 ~

where @4(0) is defined by

04(0) = 124384 — 1138400 — 30096267 +2222400° +2501736* — 1584446°
—831886° 449188607 +788960% — 56486° + 576610

Again, we have Am, = 0 if, and only if, ¢4(0) = 0 because of a > k and 6 € (—1,1). There
exists a unique root 83 in (—1,1), which approximately equals 03 ~ 0.7151. We obtain
Amy > 0 for 0 € (—1, élg) and Am, < 0 for 6 € (é13, 1).
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F.5 Proposition 5

Consumer surplus is lower under bundling because of

ACS = CS5—csBt
(a—k)*(804960 — 48602 — 76603 4+ 56* +156°)
8(1+6)(8—562)2
2(a—k)*(9001 + 8896 — 9658602 — 66263 +33650* — 116° —3886° +5667)
(7—0)2(1+6)(59 —266 —2962 +863)2
(a—k)*(1-6)gs(6)

S 0
8(7— 6)2(8 —562)2(59 — 260 — 2902 + 803)2 ~

where @s(0) is given by

05(0) = —4428496+ 4609926 + 850776002 — 1929044603 — 59258936* +21260276°
+16867666° — 87398207 — 1078176% + 1177516 —200800'° +9606'!.

and where the strict inequality follows from ¢s(0) < 0,a > k,and 6 € (—1,1).

As to producer surplus, notice that bundling raises the profits of retailer Rp and of both
manufacturers by Propositions 3 and 4, respectively. Thus, under profitable bundling, the profits
of all firms and hence the producer surplus are higher than under separate selling.

Social welfare is higher under bundling if, and only if, AW = WS — W5 < 0, where

(a—k)?(304 4 1600 —3520% — 18003 +956* +456°)
8(1+6)(8—562)2
a k) ( (45102 — 2874360 — 4336962 42428663 + 110686*)
(7—6)2(1+6)(59 — 260 —2962 +863)2
(—58350° — 20966 +32407 — 3268)
(7—6)2(1+6)(59 266 —2902+893)2)
(a—k)*(1—-6)9s(6)
8(7—6)2(8 —562)2(59 — 266 — 2962 4 863)2

AW =

and where @4(0) is defined by

0s(0) = —5668528+37921926 + 108706886% — 70966526° — 72412316* + 50383376°
+17743626° — 161089007 — 2523608 + 1851250° — 4232000 4-28806'!.

Because of a > k and 6 € (—1,1), the roots of AW and ¢¢(0) coincide. There exists a unique
root in (—1, 1), which is given by 0,4 ~ 0.9987. Moreover, we have AW > 0 for 6 € (-1, é14)
and AW < 0 for 6 € (6y4,1). Thus, profitable bundling leads to higher welfare for 6 € (6g, 6;4)
and to lower welfare for 6 € (914, 1), where 63 represents the lower boundary of profitable

bundling characterized in section F.1.
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