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Chapter 4

Bundling in a Distribution Channel

with Retail Competition

JoacHIM HEINZEL!

Abstract

We analyze the incentives for retail bundling and the welfare effects of retail bundling
in a decentralized distribution channel with two retailers and two monopolistic manu-
facturers. One manufacturer exclusively sells his good to one retailer, whereas the other
manufacturer sells his good to both retailers. Thus, one retailer is a monopolist for one
product but competes with the other retailer in the second product market. The two-
product retailer has the option to bundle his goods or to sell them separately. We find
that bundling aggravates the double marginalization problem for the bundling retailer.
Nevertheless, when the retailers compete in prices, bundling can be more profitable than
separate selling for the retailer as bundling softens the retail competition and leads to
an extension of his monopoly power. The ultimate outcome depends on the marginal
costs of the manufacturers. Given retail quantity competition, however, bundling is in no
case the retailer’s best strategy. Furthermore, we show that profitable bundling is welfare

harming because it reduces consumer and producer surplus in the equilibrium.
JEL classification: L11; L13; L41; L81; M31
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4.1 Introduction

The practice of selling two or more distinct goods as a bundle is a strategy widely used by
downstream firms. Many electronic retailers sell packages containing separate items, for
example, packages consisting of a video game console and video games or of a personal
computer and an operating system. Another example is a Subscription-Video-on-Demand
(SVoD) streaming service like Netflix that offers subscriptions to its whole content at a
monthly fee. Netflix plays a pure bundling strategy as it supplies its content solely as
a bundle (Bhargava, 2012). In this paper, we study downstream retail bundling in a
distribution channel. Our focus lies on the analysis of the incentives for retail bundling
and of the consequences of retail bundling. We consider various aspects of retail bundling
and bundling in general in our analysis. We next expose these aspects.

Downstream firms often bundle goods that are produced by powerful upstream firms.
Many electronic retailers buy goods from large market players like Microsoft or Sony.
Streaming services distribute movies and television shows produced by major film studios
or powerful television production companies like Paramount Pictures or Warner Bros.
Television, respectively. The presence of upstream market power in a distribution channel
might lead to double marginalization (DM) and thus to inefficiencies in the channel.
Such inefficiencies may harm upstream firms, downstream firms and consumers (Spengler,
1950). A downstream firm’s decision to bundle might aggravate a DM problem which, in
turn, could affect the downstream firm’s incentives to bundle in the first place (see, for
example, Bhargava, 2012).

Downstream firms usually include products in their bundles which are also supplied by
their competitors. For instance, a SVoD streaming service often offers content like certain
TV series or movies that are also available at other streaming services. By purchasing
and distributing such products, a downstream firm enlarges its product range but might
induce intrabrand competition. An upstream firm benefits from selling to several down-
stream firms as this leads to a larger output but it could induce interbrand competition
(Dobson and Waterson, 1996). Streaming services sometimes include exclusive goods
in their bundles which can be content that producers supply solely via one streaming
service. A further example for such an exclusive vertical agreement is the Amazon Ezclu-
sives program. Producers involved in this program are not allowed to sell their products
through any online marketplace other than Amazon. The reason for establishing this
kind of exclusive relationship from a downstream firm’s perspective may be to limit in-
trabrand competition, whereas an upstream firm’s motivation to distribute through only
one retailer may be to restrict interbrand competition (Dobson and Waterson, 1996;
Moner-Colonques et al., 2004). In sum, the component goods of a downstream firm’s
bundle could be products for which a downstream firm is a monopolist or products for

which the downstream firm competes in an oligopolistic market. A firm’s bundling stra-



tegy might affect the intensity of oligopolistic competition and that this effect can have
a pivotal influence on a firm’s bundling decision (see e.g. Carbajo et al., 1990).
Moreover, bundling has raised anti-competitive concerns. It is widely regarded a type of
price discrimination since it can reduce the heterogeneity in consumers’ reservation prices
(see e.g. Stigler, 1963; Adams and Yellen, 1976). In addition, bundling is a strategy that
could be used by a multi-product firm with monopoly power in one market but facing
competition in a second market to leverage its monopoly position of the first market into
the second market. This means that the firm could potentially leverage its competitors
out of the market and thereby create another monopoly. Analyzing such interrelations
between bundling, monopoly power and competition is a typical feature of the leverage
theory of bundling (see e.g. Carbajo et al., 1990; Whinston, 1990; Martin, 1999; Carlton
and Waldman, 2002; Egli, 2007; Spector, 2007; Peitz, 2008; Mantovani, 2013; Chung et al.,
2013; Vamosiu, 2018).

In order to study downstream bundling, we develop a theoretical model that fits our mo-
tivational example(s). We consider a distribution channel with two downstream retailers
and two monopolistic upstream manufacturers. One manufacturer sells his good to both
retailers. The other manufacturer sells his good only to one retailer due to an exclusivity
agreement that makes the according retailer a monopolist in one product market. Both
retailers supply the second product and thus compete in a duopoly for this product. The
two-product retailer has the option to purely bundle the two goods or to solely supply
them as separate products. One goal of our research is to investigate the incentives of the
two-product retailer to bundle. We additionally ask how bundling by the retailer affects
equilibrium market results such as other firms’ strategies or profits. We also analyze the
welfare effects of (profitable) retail bundling. A crucial element of our research is to exa-
mine the roles of retail competition and upstream market power regarding the bundling
incentives and the consequences of retail bundling. We analyze our research goals under
retail price and retail quantity competition.

The purpose of our study and the structure of our retail market relate to the leverage
theory such as presentend in Carbajo et al. (1990) and Martin (1999). Both papers
analyze the bundling incentives for a two-product firm and the welfare effects of bundling
in a non-vertical industry, where the two-product firm is a monopolist for one good and
competes with a second firm regarding the other good. Carbajo et al. (1990) assume
an inelastic demand and find that given price competition in the duopoly, bundling is
always more profitable than separate selling for the two-product firm. Under quantity
competition, however, selling the products independently could be more beneficial for
the two-product firm, depending on the marginal costs of production. Furthermore,
Carbajo et al. (1990) highlight that bundling always reduces consumer surplus and has
an ambiguous effect on the total welfare in both modes of competition. Martin (1999)

regards quantity competition, a linear demand structure and differentiated goods. He



illustrates that bundling may change or create substitution relationships between goods.
In Martin’s model, bundling always leads to an increase in profit for the bundling firm
and a reduction in social welfare. We use the market set-up of Carbajo et al. (1990)
and Martin (1999) and extend it to a vertical structure while also considering the linear
demand structure of Martin (1999) in our framework.

The analysis of downstream retail bundling in a decentralized distribution channel is a
relatively new research topic. The most prominent papers dealing with this topic are
Rennhoff and Serfes (2009); Bhargava (2012); Chakravarty et al. (2013); Girju et al.
(2013); Cao et al. (2015); Giri et al. (2017); Ma and Mallik (2017); Cao et al. (2019).
Bhargava (2012) and Cao et al. (2015) are closely related to our work. Bhargava (2012)
studies retail bundling in a market with a two-product downstream retailer and two mo-
nopolistic manufacturers. He shows that if goods are valued independently of each other,
the manufacturers tend to overprice their goods under retail bundling. As a consequence,
the profits of all firms are reduced by bundling in comparison to separate selling. Cao
et al. (2015) evaluate retail bundling in a distribution channel with a two-product retailer,
one monopolistic wholesale market and one perfectly competitive wholesale market. They
demonstrate a pivotal role of the monopolistic manufacturer’s marginal production cost
regarding a retailer’s bundling decision. When this cost is low, retail bundling worsens
the double marginalization problem in the channel in most cases and thus reduces the
channel profit. If the manufacturer’s marginal cost is moderately high, bundling weakens
the DM problem, resulting in bundling being profitable and raising the channel profit.
Bhargava (2012) and Cao et al. (2015) and all other above-mentioned papers focusing
on retail bundling do not examine or even consider retail competition with the exception
of Rennhoff and Serfes (2009). The consideration of retail competition, however, is a
crucial element in our bundling analysis. This is the major contrast of our model to
these papers but further differences in terms of modeling and assumptions can be found.
Rennhoff and Serfes (2009) investigate downstream bundling in an upstream-downstream
market with two downstream and two upstream firms, where they regard downstream and
upstream competition. Both downstream firms sell two products which they purchase
from the two upstream firms. Rennhoff and Serfes find that imposing a regulation that
forces downstream firms to unbundle could benefit consumers when the firms play pure
bundling in the unregulated equilibrium. Additionally, they show that the upstream firms
can influence the bundling incentives of the downstream firms with their pricing strategies.
The model of Rennhoff and Serfes is not connected to the leverage theory, which poses
one main difference to our work, but their framework also differs significantly from ours
in terms of the theoretical model. To sum up, we are, to the best of our knowledge, the
first to evaluate downstream retail bundling in a distribution channel, in which the retail
market and thus the purpose of the study relates to the leverage theory.

Our main results can be summarized as follows. Bundling always aggravates the double



marginalization problem for the two-product retailer. Nevertheless, bundling might be
more profitable for the retailer than selling the products separately when the retailers
compete in prices. This is because bundling greatly reduces the intensity of retail com-
petition and leads to an extension of market power for the bundling retailer under price
competition. Yet, bundling is profitable only when the manufacturer’s marginal cost of
the good sold exclusively by the retailer is sufficiently high and the marginal cost of the
good sold in the duopoly is sufficiently low. Under retail quantity competition, however,
bundling is never profitable for the two-product retailer. Interestingly, this is the case
even when bundling has similar positive effects on the two-product retailer’s profit and
market position as with price competition.

We find a negative influence of the presence of upstream market power on the profitablity
of retail bundling. In both modes of retail competition, the retailer’s bundling incentives
are stronger in a centralized channel, where the full market power in the channel is on
the retailers’ site, than in the decentralized channel with upstream market power. Also,
when we keep the decentralized structure and the two goods are manufactured by a
multi-product monopolist, then the bundling incentives are qualitatively the same as in
the centralized channel. Hence, it is a combination of vertical externalities and horizontal
externalities between upstream producers that lowers the profitability of retail bundling
in our framework, which is in line with Bhargava (2012).

We analyze the welfare effects only for the retail price competition setting as only there
bundling is the retailer’s equilibrium strategy. We observe that profitable bundling re-
duces consumer and producer surplus. The latter observation is rather surprising be-
cause in the bundling equilibrium, only the manufacturer distributing to both retailers is
harmed by bundling. Consumer surplus falls because the prices of both retailers are raised
by bundling. We consequently identify retail bundling as a welfare harming strategy.
The rest of the paper is organized as follows. Section 4.2 introduces the basic model.
We analyze retail bundling under retail price competition in Section 4.3 and under retail

quantity competition in Section 4.4. Section 4.5 concludes.

4.2 The Basic Model

We consider a distribution channel with two downstream retailers, R4 and Rp, two
upstream manufacturers, My and Ms, and a continuum of final consumers. Manufacturer
My produces good 1 at constant marginal cost k; > 0 and manufacturer Ms produces
good 2 at constant marginal cost ks > 0. We presume that good 1 and good 2 are
independent in demand from the consumer perspective. The retailers supply the goods
that they purchase from the producers without any product transformation as final goods
since this is normally the case for retailers. Therefore, one unit of input equals one unit of

a final good and the only costs the retailers have to bear are the wholesale prices for the



goods that they procure from the manufacturers. We assume that M; has an exclusivity
contract with retailer R 4 that says that M is only allowed to sell his good 1 to R 4. This
set-up makes R4 a monopolist for good 1 in the retail market. Manufacturer Ms sells
his product to both retailers and therefore we have a retail duopoly regarding good 2.
Manufacturer M; charges a per-unit wholesale price of w; for good 1 and manufacturer
Ms a per-unit wholesale price of wo for good 2.

Retailer R4 as two-product firm can decide between two pricing strategies. He can either
sell good 1 and good 2 separately or supply them solely as a bundle to the final consumers.

First assume that R4 sells good 1 and good 2 separately as depicted in Figure 4.1.

Final Demand Downstream Upstream

Good 1 M,

Final Consumers

@ ____________________ Good2 .. i

Figure 4.1: Market structure in case of Separate Selling

In the separate selling market, we have a homogeneous retail duopoly for good 2 and
a retail monopoly for good 1. We use a Dixit (1979)-type utility function to represent
the aggregate final consumers’ preferences regarding good 1 and good 2 as well as other

goods. The representative consumer’s utility is given as

U(m, Q1,Q2) = m+a(Q1 + Q2) — 0.5(Q7 + Q3), (4.1)

where m denotes the consumption of other goods and Q1 (Q2) the consumption of good 1 (2)
for the representative consumer. The parameter a > 0 is the consumer’s valuation for a
good and can be interpreted as the product quality like in Hackner (2000). We assume
the two goods to be of the same quality. Note that we also presume a > ki, k2 in order
to ensure market transactions. The price of the composite good m is normalized to one.
The retail price of good 1 (2) is given by p1 (p2).

Solving the representative consumer’s optimization problem yields the inverse demand

functions for the two stand-alone goods

p1(Q1) = a—Q, (4.2)
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p2(Q2) = a—Q2, (4.3)

where ()1 = qa1 is the quantity of good 1 supplied by retailer R 4. Furthermore, we have
Q2 = qa2 + qB2, Where q42 and gps are the quantities of good 2 supplied by retailer R4

and Rp, respectively. Consequently, the demand functions for the two goods are
Q1(p1) = a—p1, (4.4)

Q2(p2) = a—p2. (4.5)

Under separate selling, retailer R4 and Rp maximize the profits 74 and mpg, respectively,

which are given as

A = (p1 —w1)qa1 + (p2 — w2)qa2, (4.6)
5 = (p2 — w2)qpa. (4.7)

Notice that the wholesale prices represent the retailers’” marginal or unit costs.

Now suppose that retailer R4 bundles his products. When retailer R4 bundles, he
combines one unit of good 1 with one unit of good 2 and offers the combination as
bundle b4. For notational purposes, we refer to the good supplied by retailer Rp in the
bundling market as bundle bg even though bundle bg consists solely of one unit of good 2.

The bundling market is displayed in Figure 4.2.

Final Demand Downstream Upstream
@ Good 1 M
oo UA -7 S
- . ,OOQI
Final Consumers 9

e By,

Figure 4.2: Market structure in case of Bundling

The number of bundles supplied by retailer R 4 is given by (), and the amount of bundles
supplied by retailer Rp is given by Q)p,. Thus, the relations between the quantities under

bundling are

Q1= Qby; (4.8)
Q2 = Qp, + Q. (4.9)
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Following a method used by Martin (1999), we substitute the quantity relations (4.8) and
(4.9) into the representative consumer’s utility U. We receive a utility function V', which

describes the consumers’ preferences for the two bundles and other goods m:

V(m, Qu,, Qry) =m+a(2Qp, + Qo) — 0.5(2Q7, + 2Qu, Qv + Q3,)- (4.10)

The price of bundle b4 is denoted by p,, and the price of bundle bg by py,. Solving the
representative consumer’s optimization problem regarding the bundles yields the inverse

demand functions

pbA(QbA7QbB) = 2&—2QbA _QbBa (411)

pbB(QbAaQbB) = G_QbA _QbB‘ (412)

Note that 224 = —1 < 0 and 2B = —1 < 0. That is, in line with Martin (1999)
Qs Qs 4

the two bundles are (imperfect) demand substitutes even though the bundled products
are independent in demand. The product differentiation between the bundles can be
interpreted as differentiation in a vertical sense since good 1 adds some value to bundle b4
that bundle bp does not provide (compare Egli, 2007). We further observe that bundling
differentiates the products sold by the retailers: under separate selling, the goods sold
in the retail duopoly are homogeneous, whereas under bundling, the products sold in
the retail duopoly are differentiated since the bundles of the two retailers are imperfect
substitutes.

For the bundles, we obtain the demand functions
QbA(pbA7pbB) = a—Pby +pb37 (413)

QbB (pbA7pbB) —DPby — 2pbB' (414)

When R4 bundles, then the profit of retailer R4(Rpg) is given by IT4(I1g):
HA - (pbA — w1 — w2)QbA7 (415)

[ = (poy — w2)Qpy- (4.16)

In the upstream market, the manufacturers M; and M> maximize the profits m; and s,

respectively, under separate selling and bundling. Their profits are given by
m = (w1 — k1)Q1, (4.17)

T = (wQ — k‘z)QQ. (4.18)

The timing of the here considered game is as follows (compare Figure 4.3). At first,

retailer R4 decides whether to bundle or to sell the two goods separately. Retailer R4



bundles only when bundling is more profitable than separate selling. In the second stage,
the manufacturers set their optimal wholesale prices. In the third stage, the retailers play
their optimal prices or quantities, depending on the competition mode. In the last stage,

retail sales are materialized.

Retailer R decides Manufacturers Retailers choose  Consumers purchase
on bundling set prices prices/quantities from retailers
I I I I
Stage 1 Stage 2 Stage 3 Stage 4

Figure 4.3: Timing of the game

In what follows, we solve the game for the subgame perfect Nash equilibrium in pure
strategies applying backward induction, first for the retail price and then for the retail
quantity competition setting. All first- and second-order conditions, proofs and further
calculations can be found in Appendix 4.6. Let the superscripts S and BU denote the

optimal solutions under separate selling and bundling, respectively, in the following.

4.3 Retail Price Competition

Suppose for now that the retailers compete in prices. For this setting, we first analyze the
case where retailer R 4 sells his products separately, and then the case where retailer R4
bundles. In a last step, we compare the two cases to derive the bundling incentives and
the consequences of bundling. We further need to restrict the marginal cost of good 2,

ko, to values lower than % in order to guarantee non-negative market results under

1 29a+36k1

price competition.” This means that we assume kg < =521 < a and k; < a for the

price competition case.

4.3.1 Separate Selling
Assume that retailer R4 sells his products separately. Then, retailer R4 and retailer Rp
maximize the profits:

7A(p1,pa2,pB2) = (p1 — w1)qa1(p1) + (paz — w2)qa2(pa2, PB2), (4.19)

mp(paz, pB2) = (PB2 — w2)aB2(PA2, PB2), (4.20)

where pas(pp2) denotes the retail price of good 2 set by retailer R4(Rp). Maximizing
the profits of the retailers with respect to prices yields

1See Lemma 4.2 further below.



s a -+ wy
pl 92 )

(4.21)

P = pie = Pho = wo. (4.22)

In the market for good 1, R4 simply charges a monopoly price. In the second product
market, both retailers play a standard Bertrand game since they sell homogeneous goods.
Thus, they charge prices equal to the marginal cost or wholesale price of good 2. Thereby,
the retailers gain zero profits in the duopoly.

The wholesale demand for good 1, @)1, is derived from plugging py = ﬁ% into (4.4) and

the wholesale demand for good 2, Q9, by plugging p5 = ws into (4.5). We obtain

a— wi
2 ?

Q1(wr) = (4.23)

Q2(w2) = a — ws. (4.24)

Considering the wholesale demands, the manufacturers M; and My maximize their pro-
fits m (w1) = (w1 — k1)Q1(w1) and ma(w2) = (w2 — k2)Q2(w2) by setting their profit-

maximizing wholesale prices

k
wy = ot L (4.25)
2
k
ws = ‘“; 2 (4.26)

Substituting the optimal wholesale prices into all market entities provides the market

results for the case of separate selling, which are depicted in Lemma 4.1.

Lemma 4.1. Market results under retail price competition and separate selling:

i | | T 0
pég %k? 7rig (“_é“ ok
¢h | T o o)
q§2 % PSS 7a* —6ak; 781a6k2 +3k% +4k3
Q%Q % cSS (a—3151)2 + (’l—éfz)Q
o a—ky WS 19a® —14ak) —24aks +7k3 +12k3
2, 32
i |
Proof. See Appendix 4.6.1. O

In our framework, total welfare W is the sum of consumer surplus C'S and producer
surplus PS. The producer surplus is the sum of profits of all firms and consequently
the channel profit. Note that retailer R4’s total equilibrium profit simply equals the
monopoly profit he gains by selling good 1 due to the zero profits in the second retail

market. Manufacturer Ms benefits from the fierce competition in the retail duopoly
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because it leads to a high wholesale demand for good 2, whereas R4 demands only a

(retail) monopoly quantity from manufacturer Mj.

4.3.2 Bundling

Assume now that retailer R4 bundles good 1 and good 2 and solely supplies the bundle.
Since bundling differentiates the products of the retailers in the duopoly, the bundle
prices are not driven down to wholesale prices. The bundle prices are determined by

maximizing the following profits of the retailers:
HA(pbA7pbB) = (pbA — w1 — wQ)QbA(pbA7pbB)7 (427)

e (e, vs) = (Pby — w2)Quy (Db, Poyg )- (4.28)

Solving the optimization problems of the retailers yields

pu _ 4a+ 4wy + 6w;

a + wi + dwsy
prU = — (4.30)

In order to obtain the wholesale demand functions, we insert pBU = W‘}%GW and

pbB = ‘”““7;5“]2 into (4.13) and (4.14). Considering (4.8) and (4.9), the wholesale

demands read
4a — 3wy — wo

Ql(wl,wg) = 7 s (4.31)
Q2(w1, w2) = fa = w; ey (4.32)

We observe that % < 0 and % < 0. This means that good 1 and good 2 become
complementary wholesale goods due to being bundled together.

Under bundling, the profits of the manufacturers are w1 (w1, w2) = (w1 — k1) Q1 (w1, w2)
and o (w1, ws) = (wg — k2)Q2(w1,ws). They are maximized by setting

BU __ 34a —+ 30]’1’}1 - 51{32
wy - 59 )

(4.33)

u)BU - 32a — 3k1 + 30k2
2 59 ‘
Both wholesale prices depend on k1 and ko due to the complementary relationship between
BU( BU)

(4.34)

the goods Wholesale price w increases with k1 (k) but decreases with ka (k1)

owBY 3wB v owPU oY
as —gp— iy~ > 0 and 51—, 55— < 0.
The following Lemma 4.2 provides the market results under bundling given the equi-

librium wholesale prices.
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Lemma 4.2. Market results under retail price competition and bundling:

BU | 2(282a+51k;+80ks) 18V 2(29a+36k1 —65kz )2

Ppy 113 B 170569
BU | 253415k +145ks BU 3(34a—29k1 —5k)?

Ppg 113 1 24367

OBU 3(34a—29k; —5ks) BU 5(32a—3k; —29k2)>
ba 113 T2 24367

OBU 2(29a-+36k1 —65ks) | pgBU 722020 —61704ak; —82700aks +28137k? +38635k3 45430k ko
bp 413 170569
BU | 5(32a—29ka—3k1) C'gBU 180024 +3897k2 43480k ko+10625k3 —11274ak, —24730ak:
2 413 170569

[[BU | 9(34a—29k —5ks)? WBU 6(15034a2 45339k +1485k; ko +8210k3 —12163ak1 —17905aks)
A 170569 170569

Proof. See Appendix 4.6.1. m

Notice that the assumption ko < % is necessary because ()5, > 0 holds only if

ko < w. The product differentiation induced by bundling is the main reason why
bundling might be profitable for R4 since it makes the retailers less competitive when
they engage in price competition. By Lemma 4.2, we immediately see that retailer Rp
gains a positive profit under bundling due to the reduction in the intensity of retail
competition and thus benefits from bundling. We explain in the following in more detail

when and how the two-product retailer R4 benefits from bundling.

4.3.3 Bundling Decision

We now analyze whether there is a bundling equilibrium and how bundling affects the
market magnitudes in comparison to separate selling. A bundling equilibrium is an
equilibrium where retailer R4 prefers bundling over separate selling.

The aim of R4’s bundling strategy is to raise his profit by (i) extending his monopoly
power to the second product market and (ii) extracting more consumer surplus from
consumers that buy good 1 absent bundling by making them pay a higher price for
good 2. As a consequence of the latter reason, we adopt that the price of good 1, p*lg ,
must be larger than the price of good 2, pg , under separate selling for bundling to be
considered by R4.? When consumers with a high willingness to pay for good 1 can buy
good 1 only tied with good 2, they might be willing to purchase the bundle even if that
means paying a high bundle price and hence a relatively high price for good 2. However,

the condition pf > pg is fulfilled in any case under retail price competition because of the

29a+36k1 3
65 :

it is R 4’s best strategy to bundle. Nevertheless, we identify a region, where retailer R4’s

restriction kg < Even though p*lg > pg is always given, it is not guaranteed that

bundling profit exceeds his separate selling profit.

Proposition 4.1. Given retail price competition, ko < % and k1 < a, then there

BU __ 2(282a+51k1+80k2)

exists a unique bundling equilibrium with the bundle prices Dby 113 and
BU __ 253a+15k1+145ko
Py = 113 -

2This is in line with Carbajo et al. (1990).

a+kq

3We have py > p§ when ko < 5+, where % < ﬂ;ﬁ

12



As the bundles are imperfect substitutes, retailer Rp charges a price above the wholesale
price of good 2 under bundling in contrast to the separate selling market. Additionally,
the price pb BU he sets for his bundle bg exceeds the retail price of good 2 under separate
selling, p2 . This price raise induced by bundling, in turn, allows R 4 to charge a very high
price for bundle b4, which clearly exceeds the sum of wholesale prices under bundling
and the price of bundle bg. This shows that bundling greatly softens the competition
between the retailers in the duopoly.* In addition, R4 sets a price for bundle by that
is larger than the sum of the prices of the stand-alone goods, i.e. piU > pf + pg .
In conclusion, bundling allows R4 to extend his monopoly power from the market for
good 1 to the second product market by bundling. The softened competition and the
subsequent extension of market power positively affect R 4’s profit and therefore bundling
can be profitable here.

We find that the marginal costs of the manufacturers decisively influence whether bundling

is finally profitable for R4 as summarized by the following theorem.

29a+361€1

Theorem 4.1. Given retail price competition, kg < , k1 <a and

(a) if k1 < {5, then retailer Ry prefers not to bundle,

(b) if k1 > 1

(c) if k1 > {5 and k2 € (O, 13%_‘1), then retailer R4 prefers to bundle.

and ky € (131?2_@, 29“;5’6]“1), then retailer Ry prefers not to bundle,

Sle

Proof. See Appendix 4.6.3. O]

By Theorem 4.1, we observe in addition that the marginal cost of good 2, k2, must be

smaller than the marginal cost of good 1, k1, for bundling to be profitable for retailer R4
13/€1 —a

since < k1. The pivotal role of the marginal costs of the monopolistic manufac-
turers Wlth respect to the retailer’s bundling decision is consistent with Cao et al. (2015).
We provide the intuition for Theorem 4.1 in the following.

In the separate selling case, only changes in k1 and not in ko affect R4’s profit because
(i) the two retailers set the equilibrium prices for good 2 equal to the wholesale price of
good 2 and (ii) the wholesale price of good 1, wf , only depends on ki as the two goods
are independent in demand. A higher marginal cost of good 1 means a higher Wholesale
price of good 1 <8w1 > O) and thus a lower separate selling profit for R4 <8 < 0>
Therefore, when k; is lower than {3, separate selling is more profitable than bundling for
R4. In contrast to the separate selling market, changes in ko affect R4’s profit under
bundling because the bundle prices exceed the wholesale prices. More precisely, a decrease

in ko reduces the wholesale price of good 2 (and also the sum of wholesale prices) and

4Following Carbajo et al. (1990) and Chung et al. (2013), less intense competition is defined by higher
prices under price competition and by lower quantities under quantity competition.
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BU
therefore raises the bundling profit (note that 6181]% < 0). As a consequence, given a

sufficiently high %y (i.e. k1 > {%), that makes independent selling less profitable, and a

sufficiently low ko (i.e. ko < 13]?2%), that makes bundling more profitable, bundling is

retailer R4’s best strategy.

ko

Joy — 20a+36k;

o 65

29a
65

N

‘ k1
R

Figure 4.4: Bundling vs. Separate Selling

The profitable bundling region is captured by the yellow shaded area in Figure 4.4. Notice
with a too large ky (i.e. ko > 13]‘1’712_“), retailer R4 has no motivation to bundle and,
consequently, decides to sell his products separately. This is the case even when k1 > {5
and despite the positive effects bundling has on the retailer’s profit. The green shaded
area in Figure 4.4 captures the region where R4 prefers separate selling over bundling.
The area above the red line in the figure is excluded by our assumptions.

The observed reduction in the intensity of competition in the duopoly with price compe-
tition is in line with other articles of the leverage theory such as Carbajo et al. (1990),
Egli (2007) or Chung et al. (2013). Yet, in contrast to Carbajo et al. (1990), in our model
separate selling might be the multi-product firm’s best strategy when facing price compe-
tition. This difference can be explained with the market structure. Carbajo et al. (1990)
consider a non-vertical market structure, but in our model the price-setting behavior of
the manufacturers negatively affects the bundling incentives and therefore bundling may
be the inferior strategy for the two-product firm. This is illustrated in more detail in the
following.

Proposition 4.2 summarizes how the manufacturers response to the bundling strategy by

R4, irrespective of bundling being profitable for the retailer.
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Proposition 4.2. Under retail price competition, bundling induces

(a) manufacturer My to raise the wholesale price for good 1,

(b) manufacturer Ma to raise the wholesale price for good 2 if k1 < %a or if kg > %a
and ky € (~5a + 6k, 20530k,

(¢c) My to reduce the wholesale price for good 2 if ki > %a and ko € (0,—5a + 6k1),

(d) a greater sum of both wholesale prices.

Proof. See Appendix 4.6.4. O]

Bundle b4 consists of the products of both manufacturers and hence an increase in the
wholesale price of good 1 has only a partial influence on manufacturer M;’s own sales.
In addition, good 1 and good 2 become complementary wholesale goods due to being
bundled, which makes it hard for R4 to forego one good. These effects induce M; to
raise his price in order to benefit from R,4’s bundling strategy. Good 2 is also supplied
by retailer Rp and not only in bundle b4 and therefore the rationale to charge a higher
price is weakened for M>. However, the impact of an increase in wholesale prices on the
retailers’ sales is weaker when the retailers set prices above wholesale prices compared to
the situation where the retailers set prices equal to wholesale prices. Thus, the less intense
competition due to bundling and the induced complementarity between the wholesale
goods allow My to raise his price. Nevertheless, manufacturer My may lower his price
when R4 bundles. This is the case given ki > %a and ko < —ba + 6k;. The reason for
this is that under separate selling, Ms’s price does not depend on k; and under bundling,
My’s price is reduced by an increase in k; and by a decrease in k9. This means, in turn,
that when k£ is too small or ko too large, Ms raises his price. Even when Ms lowers his
price due to bundling, the reduction of his wholesale price is lower than the increase in
M7y’s wholesale price. As a consequence, the sum of wholesale prices with bundling is
always greater than with separate selling.

Another issue with respect to the firms’ pricing behavior is that in the separate selling
market, there is only double marginalization in the market for good 1. There is a bilateral
monopoly regarding good 1 in this case, but we have standard Bertrand competition in
the second product market leading to a retail price equal to the wholesale price. By
contrast, bundling leads to double marginalization also in the second product market
since both bundles and both wholesale goods under bundling are priced with a positive
mark-up. Looking at the changes of wholesale prices and the changes in the market
scenario caused by R4’s bundling strategy, we establish that bundling aggravates the
double marginalization problem between R4 and the manufacturers.

As illustrated, R4 might prefer to bundle despite the worsened DM problem. If the

wholesale price of good 2 is decreased, bundling is always more profitable than separate
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selling for R4.°> Clearly, the lower wholesale price positively influences the profitability
of bundling. Yet, even when both wholesale prices are raised, bundling could still be the
better option for R4 than separate selling.% In sum, the positive effects that bundling has
on R4’s profit in the form of softening retail competition and extending market power can
outweigh the negative impact that bundling has on R4’s profit in the form of aggravating
the double marginalization problem. To further elaborate on this, consider the paper
of Bhargava (2012). In contrast to our framework, in Bhargava’s model separate selling
is always the two-product retailer’s best strategy because bundling aggravates the DM
problem in the channel. Since Bhargava considers a distribution channel with only a
single retailer that is a monopolist for both traded goods, no impact of bundling on retail
competition can outweigh the negative effect of an aggravated DM problem. For that
reason, bundling is never profitable in Bhargava’s model, but it can be profitable in our
framework due its impact on retail competition.

Nevertheless, the exacerbated DM problem has a pivotal (negative) influence on R4’s
bundling incentives in our set-up. To see this, suppose that the retailers hold all the
market power in the distribution channel such that the manufacturers have no bargaining
power.” In this centralized channel, the retailers set retail as well as wholesale prices and,
consequently, the manufacturers are simply price-takers. To keep their costs low, the
retailers set wholesale prices equal to the marginal production costs of the two goods in
both settings, no bundling and bundling, i.e. w{ = wPV = k; and w§ = wPY = ky.
Therefore, the double marginalization in the channel is eliminated. Comparing R4’s
profits in this centralized channel under price competition, we find that it is always more
profitable for R4 to bundle than to sell his goods separately, which is in contrast to the
decentralized channel.

Notably, the double marginalization problem in the decentralized channel is only aggra-
vated when the vertical externalities are combined with horizontal externalities upstream.
This finding is consistent with Bhargava (2012). To illustrate this, assume that the two
manufacturers in the decentralized channel merge such that both goods are produced by
a single manufacturer. The two-product manufacturer charges the same wholesale prices

in the bundling market and in the separate selling market, i.e. wy = wPV = ﬂzkl and

S = w2B U= a+2k2‘ That is, the monopolist internalizes the cross-price effects regarding
the wholesale demands under bundling, where the two stand-alone goods are comple-
mentary wholesale products. This means that the extent of double marginalization in
the bilateral monopoly for good 1 is not affected by bundling in this case. Nevertheless,

bundling creates DM in the channel regarding good 2 but only to R4’s advantage be-

5This is the case because k1 > %a and ko < —ba + 6k (lowered wholesale price for good 2) imply
k1 > {5 and ky < 1352 ( Lok—a
STt might hold that ki > 20> & and —5a + 6k < ky < or & < ki < Zaand ky < -2

7 Alternatively, the wholesale markets could be assumed to be perfectly competitive.

mcreased profit profit for R4) since Ga > {5 and —5a + 6k <
13](,‘1 a
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cause of the softened competition and no change in wholesale prices. Finally, bundling is
again always more profitable than separate selling for R4 when there is a multi-product
upstream monopoly in the decentralized channel. In conclusion, it is the mix of verti-
cal externalities and horizontal externalities in the upstream market that mitigates R4’s

bundling incentives and not the presence of powerful upstream firms alone.®

4.3.4 Consequences of Profitable Bundling

We next examine the impact of bundling on market entities when bundling is profitable
for R4 and hence only in the region k; > {5 and kg < 13k1 a9

We first regard the downstream market. As already explalned, retailer Rp benefits from
R 4’s bundling strategy as bundling generates a positive profit for Rg opposed to separate
selling. Moreover, profitable bundling has interesting effects on the sales of both retailers.
Profitable bundling raises R 4’s quantity of good 1 despite the increase in wholesale price
w1 because the monopolistic good 1 is bundled with the more competitive good 2. By
contrast, profitable bundling lowers R 4’s sales of good 2 due to the softening in compe-
tition and a possible raise in the wholesale price ws. We observe that if k; > %géa and
ko € (O, %ﬁ%%), bundling actually increases Rp’s equilibrium quantity of good 2.1°
This is always the case when the wholesale price of good 2 is lowered by bundling but even
for %a > k1 > %géa such that wy is increased, Rp’s quantity rises when the marginal cost
of good 2 is sufficiently low. The explanation for the potential raise in Rp’s quantity is
that he sets a lower price for his bundle than retailer R 4. In conclusion, on the one hand
R 4 can raise his profit and strengthen his position in the retail duopoly by bundling, but
on the other hand he might actually help to raise Rp’s market share.

In the upstream market, bundling has an ambiguous influence on the profits of the man-

ufacturers as summarized by
Proposition 4.3. Under retail price competition, profitable bundling results in
(a) an increase in manufacturer My’s profit,

(b) a decrease in manufacturer My’s profit.

Proof. See Appendix 4.6.5. O

As a consequence of the fierce competition in the retail market for good 2 under separate

selling, manufacturer M, produces and supplies a large quantity of good 2. As the

8For the bundling incentives in the centralized channel and the multi-product manufacturer case see
Appendix 4.6.1.

9Profitable bundling’ is sometimes abbreviated to ’bundling’ in the rest of the section.

0T he condition Aggy = qB2 Qb BU <0 is met for ko < %728% Note that 181“372881“ < 13k1 a

and that w > 0 when k; > %gga Further note that 88a > 13
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softening in competition lowers the wholesale demand for good 2, Ms sells a lower quantity
possibly even at a lower price in the bundling equilibrium. Hence, he gains a smaller profit
under bundling than under separate selling. In contrast, M; sells a larger quantity at a
higher price under bundling and thereby bundling raises M;’s profit.

Even though manufacturer M;’s profit and the profits of both retailers are raised by

bundling, the producer surplus is reduced by it as our welfare analysis illustrates.
Proposition 4.4. Under retail price competition, profitable bundling results in
(a) a decrease in consumer surplus,
(b) a decrease in producer surplus,

(c) a decrease in total welfare.

Proof. See Appendix 4.6.6. O]

This means that the loss in My’s profit is larger than the total gain in profits of the other
three firms. The total quantity of good 2 is lowered and retail prices as well as the sum
of wholesale prices are raised by profitable bundling. Therefore, the consumer surplus
is diminished too. Consequently, bundling always harms social welfare on all levels in
the equilibrium. This result is (partly) in contrast to Carbajo et al. (1990). In their
model, bundling might increase social welfare since it always raises the producer surplus
under price competition as the only two firms in the market gain from the softening in
competition. In our vertical market with four firms, however, one firm loses from bundling

and the subsequent softening in competition which finally decreases producer surplus.

4.4 Retail Quantity Competition

Suppose now that the retailers engage in quantity competition. For this case, we must
impose the condition kg < %fkl to guarantee pf > pg and non-negative market results.!!
Therefore, we assume kg < %Af’kl < a and k1 < a here. The following analysis is analogous

to the price competition case.

4.4.1 Separate Selling

When retailer R4 sells his products separately, the two retailers maximize the profits

mwA(qa1, qa2, q2) = (p1(qa1) — w1)qa1 + (p2(qa2, gB2) — w2)qa2, (4.35)

75(qa2,q2) = (p2(qa2, ¢B2) — w2)qB2. (4.36)

HSee Lemma 4.4 and Proposition 4.5 further below.
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The profit-maximizing quantities of the retailers with respect to good 1 and good 2 are

a— wi
=G (4.37)

a — Wy
o =ahr = —5— (4.38)

The wholesale demand for good 1 is given by (4.37) since ()1 = ¢41 and concerning good 2

by Q2 = qa2 + gpo. Finally, the wholesale demand functions are

a — wip

Q1(w1) = 5 (4.39)
2(a—w
QQ(MQ) = (32) (440)
Solving the optimization problems of the manufacturers yields the equilibrium wholesale
prices

k

wd = 20 (4.41)
2

k

ws = C“; 2 (4.42)

which are equivalent to the according wholesale prices under separate selling and price
competition.
The equilibrium outcomes with separate selling and quantity competition considering the

optimal wholesale prices are displayed in Lemma 4.3.

Lemma 4.3. Market results under retail quantity competition and separate selling:

S 3a+k S (a—k2)?
P1 4 B 36
S 2atk S (a—k1)
ps 3 2 1 3
S a—ky S (a—k)?
qu 4 7T2 2 2 62
S a—ks S 59a2+27k?+32k2 —54ak, —64aks
S a—ko S 25a°+9k71 +16k5—18ak1—32aks
4B2 6 ¢S 288
Q5 a—ko Wws 143a%+63k3 +80k3 —126ak; —160aks
2 3 288
S | 13a*—8aky+9k]+4k3 —18ak;
TA 144
Proof. See Appendix 4.6.2. n
We find that manufacturer Ms earns a lower profit here than under price competition
— 2 — 2 . . . . o .
and separate selling as (a g 2) < (o 52) . This is because retail quantity competition

with homogeneous goods induces ceteris paribus a lower wholesale demand for good 2

than the more aggressive retail price competition.
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4.4.2 Bundling

In the bundling market, the retailers maximize their profits with respect to the quantities

of the bundles. Their bundling profits are given by
IT4(Qbys Qby) = (Pou (Qbys Qo) — w1 —w2) Qs (4.43)

HB(QbAquB) = (pbB(QbAvaB) _w2)QbB- (444)
The optimal bundle quantities of the retailers are

3a — 2w1 — wo

Qpl = - : (4.45)
2 _
QU == SWwp w1 (4.46)

7
Again the relations (4.8) and (4.9) determine the wholesale demands. Consequently, the
wholesale demands for good 1 and good 2, respectively, are

3a — wy — 2wy
7 )

Q1 (w1, w2) = (4.47)

5a — w1 — 4ws
- )

The two goods become complementary wholesale goods due to bundling like in the price

Q2(w1,w2) = (4.48)

competition case since % < 0 and g%{f < 0.

Under bundling, we receive the equilibrium wholesale prices

19a + 16k; — 4k
WBU — 1201 108 = 2y (4.49)
31
17a — 2k + 16k
WBU — Lo 2t 10k (4.50)

31

As under price competition, we observe concerning the relationships between marginal

. BwlBU BwQBU awlBU anBU
costs and wholesale prices that o o 0 and Oy ok < 0.

The market results for bundling are summarized in the following Lemma 4.4.

Lemma 4.4. Market results under retail quantity competition and bundling:

BU | 2(164a+19k;+34ks) 118U 4(15a+11k; —26k3)?

Py, 217 B 47089
BU 149a+8k; +60k BU 2(19a—15k1 —4ks)?

Ppp 217 1 6727
BU | 2(19a—15k1 —4ks) BU 2(17a—2k1 —15k2)>

Q. 217 T2 6727

QBU 2(15a+11k; —26k) pgBU 2(8467a%+2773k% 41016k, ko +4678k3 —6562ak1 —10372aks)
bp 217 47089
BU | 4(17a—15ka—2k1) O gBU 2(1517a4241k3+360k ko +916k3 —842ak| —2192aks)
2 217 47089

18U 8(19a—15k1 —4ks)? WBU 4(4992a° +1507k3 +688k1 ko +2797k3 —3702ak; —6282aks)
A 47089 47089

Proof. See Appendix 4.6.2. O
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Notice that @, > 0 is given if ky < %. We have a+j’k1 < 15‘1;61”‘31 and thus
Qpy > 0 is guaranteed. In contrast to the price competition case, we here have double
marginalization under separate selling and bundling for each part of the supply chain and

therefore cannot directly identify whether any retailer benefits from bundling.

4.4.3 Bundling Decision

We again regard that the retail price of good 1, p7, is larger than the retail price of
good 2, pg , under separate selling as a necessary condition for bundling to be considered
by R4. The condition pf > pg holds if ko < %f’kl, which we imposed as assumption.'?

Even though pff > pg is satisfied by assumption, we do not find a bundling equilibrium:

Proposition 4.5. When the retailers engage in quantity competition, then retailer R

prefers not to bundle in the equilibrium.
Proof. See Appendix 4.6.7. m

While in the case of price competition, the product differentiation as a consequence of
bundling can lead to bundling being R4’s best strategy, this is not the case when the
retailers engage in quantity competition. For that reason, R4 opts for separate selling in
the equilibrium.

The observation that bundling is never profitable for the multi-product firm given quan-
tity competition is contrary to parts of the leverage theory, which only consider non-
vertical industries and therefore no price-setting upstream firms, see e.g. Carbajo et al.
(1990); Martin (1999); Chung et al. (2013). However, also under quantity competition,
the price setting behavior of the manufacturers plays a pivotal role with respect to the
retailer’s bundling incentives in our framework, as depicted in the following.

The price setting reactions of the two manufacturers to retailer R4’s bundling strategy

are summarized by
Proposition 4.6. Under retail quantity competition, bundling induces
(a) manufacturer My to raise the wholesale price for good 1,

(b) manufacturer My to raise the wholesale price for good 2 if ki < %a or if k1 > %a
and ky € (—3a + 4ky, “5H),

(¢c) My to reduce the wholesale price for good 2 if ki > %a and ka € (0,—3a + 4k1),

(d) a greater sum of both wholesale prices.

Proof. See Appendix 4.6.8. m

120ur insights about the (non-)profitability of bundling do not depend on this assumption.
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The manufacturers want to benefit from R 4’s bundling strategy and have the same incen-
tives to raise their prices as under retail price competition. Hence, M raises his price due
to bundling. Analogous to the price competition case, manufacturer Ms lowers his price
given a sufficiently large k; and a sufficiently small ks. Finally, we find that bundling
also leads in the quantity competition game to a heavier double marginalization problem
between R4 and the manufacturers as the sum of the two wholesale prices is again greater
than the sum without bundling here. The rise in the sum of wholesale prices makes R 4
charge a very high bundle price (again higher than the sum of the retail prices of the two
stand-alone goods), which results in this case in too little sales of bundle b4 and thus a
lower profit for R4 under bundling than under separate selling.

To further illustrate the influence of double marginalization on the bundling decision,
consider again first a centralized channel and then a two-product upstream monopoly.
As under price competition, the wholesale prices equal the respective manufacturers’

marginal costs, i.e. w{ = wPV = k; and w§ = wPV =

ks, in the centralized channel
with quantity competition. We find that in the centralized case here, retailer R4 may
prefer to bundle depending on the marginal costs of the manufacturers. This, however,
implies that R4 could prefer separate selling too, as in the decentralized channel.'> When
we have a decentralized vertical industry where both goods are produced by a single
manufacturer, we obtain wy = wBV = % and wy = wPV = %’“2 Then, R4’s
bundling incentives are qualitatively the same as in the centralized channel. In sum, we
demonstrate that also under quantity competition, the bundling incentives are weakened
by the aggravation in the DM problem and that the problem is aggravated only if the
vertical externalities are combined with horizontal externalities upstream.'*

It is particularly interesting that there is no bundling equilibrium with quantity com-
petition considering the impact of bundling on certain market outcomes. If we have
%‘%1 > ko > %&8%1, R 4’s quantity of good 2 rises whereas Rp’s quantity of good 2
falls due to bundling.!® Ultimately, the total quantity of good 2 decreases because of
bundling. This means that bundling could improve R 4’s market position in the retail
duopoly while weakening Rp’s position. Nevertheless, bundling would reduce R 4’s profit.
The intuition behind this observation is that when R4 raises his quantity of good 2 while
lowering Rp’s quantity, both wholesale prices increase with bundling.'® The increase in

wholesale prices and in R4’s quantity of good 2 incurs high input costs for R4 which

13The two-product firm’s bundling incentives given a centralized channel and quantity competition are
consistent with Carbajo et al. (1990) for a non-vertical industry.

14For the bundling incentives in the centralized channel and the case with a multi-product manufacturer
see Appendix 4.6.2.

I5We obtain Agae = qfu — Q{?AU < 0 for kg > %&8% and Agpe = q§2 — QEBU > 0 in case
kQ > 132k1—37a' It holds that a+§k1 > —11a1£é8ok1 > 132]655—370,'

16Tf ko > —11%58%1’ then ko > —3a + 4k (higher wholesale price of good 2 under bundling) is always

fulfilled because of %&8%1 > —3a + 4k;.
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negatively affect the bundling profit. In fact, bundling displays another advantage for
R 4 because it reduces the intensity of competition in the retail market for product 2 as
it reduces the total quantity of good 2. Nonetheless, separate selling is in any case more
profitable than bundling for R 4.

Summing up, opposed to the price competition setting, the positive effects that bundling
has on R4’s profit under quantity competition are not sufficient to outweigh the negative
impact bundling has on R 4’s profit. As a consequence, there exist no bundling equilibrium
given the retailers compete in quantities. Since there is no bundling equilibrium, we do

not analyze any welfare consequences for this case.

4.5 Conclusion

In this paper, we theoretically examine the incentives for a retail bundling and the al-
locative effects of retail bundling in a decentralized distribution channel with powerful
manufacturers. We consider a retail market that is connected to the leverage theory of
bundling with a two-product retailer that is a monopolist in one product market but com-
petes with another retailer in the second product market. We analyze the two-product
retailer’s bundling strategy under retail price and retail quantity competition.

We observe that bundling aggravates the double marginalization problem between the
two-product retailer and the manufacturers in either mode of retail competition. This
happens because of the combination of vertical externalities and horizontal externalities
upstream, which we identify in line with Bhargava (2012) as a factor that weakens the
incentives for retail bundling. However, the influence that bundling has on retail com-
petition in our leverage theory framework can outweigh this negative impact of bundling
on the retailer’s bundling profit, but only when the retailers engage in price competi-
tion. Then, bundling greatly softens the retail competition and results in an extension
of market power for the bundling retailer. It finally depends on the marginal costs of
the manufacturers whether bundling is profitable under retail price competition. We
therefore identify the marginal costs as pivotal factors concerning the rationale for re-
tail bundling. As also separate selling might be preferred by the retailer, the negative
effects of bundling can also outweigh the positive effects regarding the profitability of
bundling. Interestingly, this is always the case when the retailers compete in quantities.
Even though bundling reduces the intensity of retail competition and might extend the
two-product retailer’s market power under quantity competition too, the retailer always
gains a higher profit with separate selling than with bundling in this case.

We further study how bundling influences social welfare when bundling is the equilibrium
strategy and thus only for the scenario with retail price competition. We find that
profitable bundling diminishes the consumer surplus since it raises the prices of both

retailers. Furthermore, it reduces the producer surplus despite both retailers and the
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manufacturer, that sells exclusively to the bundling retailer, benefiting from bundling.
Consequently, retail bundling harms social welfare in the equilibrium on all levels.

In conclusion, our study derives the implication that bundling may not necessarily be the
best strategy for retailers in digital markets such as streaming services or for retailers in
more traditional industries such as electronic retailers. In some cases, a retailer might
be better off to offer his products separately, especially when dealing with powerful man-
ufacturers. However, our findings suggest too that bundling may a profitable strategy
for retailers if they face particularly fierce competition. Our results additionally indicate
that retail bundling should be evaluated carefully from a competition policy perspective
since it could harm welfare efficiency and consumers due to high retail prices.

One natural extension of our model would be to incorporate mixed bundling as a potential
strategy for the multi-product retailer. This could generate interesting insights about
the optimal bundling strategy for retailers. Further room for future research leaves the
consideration of downstream retail competition. Many competition related issues, such as
product differentiation, collusion or variations in market size, could be implemented and
investigated. This article serves as a starting point for research that combines aspects of
retail bundling and of the leverage theory. In addition, this article enlarges the currently

small literature on the interplay of retail competition and retail bundling.
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4.6 Appendix

4.6.1 Retail Price Competition
Equilibrium Conditions

Separate Selling

2
Retailer R 4’s separate selling profit is strictly concave in p; because 68;2“ = -2<0.
1

Thus, the second-order condition (SOC) for a (global) maximum is always fulfilled. The
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first-order condition (FOC) that determines R4’s optimal price for good 1 reads

om 4 |
—— =a—2 = 0. 4.51
1 a—2p1 +wq (4.51)

Solving the FOC for p; generates the monopoly price.

Manufacturer M;’s profit and manufacturer Ms’s profit are strictly concave in w; and

2 2
wy, respectively, as 62117}-(21 = —1 < 0 and Cflu? = —2 < 0. The FOCs determining the
1 2

equilibrium wholesale prices are

dmy _a—2w1+k:1 1

— =0 4.52
dmy |
— =a—2 ko = 0. 4.53
s a — 2w + K2 ( )

Solving the FOCs for w; and ws, respectively, leads to the optimal wholesale prices.

Bundling
Retailer R4’s and retailer Rp’s bundling profits are strictly concave in py, and py,,
217BU 21 7BU
respectively, since 8621214 = —2 < 0 and 88?23 = —4 < 0. The FOCs concerning the
ba bB

optimal bundle prices are

oIl
2 = a+Pog — 2pp, + w2 +wi =0, (4.54)
Opy
oIl
g = _4pb3 +pb,4 + 2w2 ; 0. (455)
Opy

From the FOCs we can derive the reaction functions of the retailers as

a+pb3+w2+w1

Pby (pbB) = 9 ) (456)
Pby + 2w
DPop (PbA) = A?- (4.57)
The intersection of the two reaction functions generates the optimal bundle prices.
&*r 6 &®r 10
In the upstream market, we have 8w21 = —2 <0and 8w22 = —= < 0. The FOCs of the
1 2
manufacturers regarding the profit-maximizing wholesale prices are
omy 4a — wo — 6wy + 3k1 1
= =0 4.58
0 6a — 10wq — Y5
m _ bo— Owa —wn ok L, (4.59)

8w2 7
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We obtain the reaction functions by solving the FOCs for w; and ws, respectively:

da — wy + 3k

QMOW)ZA——j%——i, (4.60)
6a — wq + bk

wxwﬂza——ﬁi——ﬁ. (4.61)

The fixed point of the reaction functions generates the equilibrium wholesale prices.

Multi-Product Upstream Monopoly
Separate Selling

Consider that both goods, 1 and 2, are produced by a single firm, denoted Mi3. When
retailer R4 sells his products separately, Mo earns the profit

m2(wi, w2) = (w1 — k1) Q1 (w1) + (w2 — k2)Q2(w2). (4.62)

When retailer R4 plays a separate selling strategy, goods 1 and 2 are independent in
demand. As a consequence, solving Mjs’s optimization problem yields the same profit-
maximizing wholesale prices as in the case with two independently operating manufac-

turers so that wls = % and w*; — %

Bundling

When retailer R4 bundles, M;s’s profit is analogous to M;is’s profit under separate selling,

2 2
a@g? = —g < 0 and 88%2 = —% < 0. The FOCs with respect to the optimal

wholesale prices are here given by

where

019 4da + ko — 2w + 3k — 6wy
= =0 4.63
8w1 7 ’ ( )

0719 . 6a + Skg — 10w9e + k1 — 2w

=0 (4.64)
8w2 7 - ’

Solving this equation system for w; and ws generates the optimal wholesale prices, wlB v

and szU, which are equivalent to the according wholesale prices in the separate selling

market.
Welfare Outcomes
Separate Selling

The consumer surplus in the market for good 1 is given as

a_
2

csy =2, (4.65)
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and the consumer surplus for good 2 as

a—p2

CSy = 5

Q2. (4.66)

We obtain the consumer surplus of good 1 by substituting pj = % and Qf = “_4’“1

into (4.65) and we obtain the consumer surplus of good 2 by substituting p5 = —aEkQ and
5 =%+ %y = % into (4.66). We get

12

csf = (“32]‘“) (4.67)
1\2

0S5 = (“8"72). (4.68)

Consequently, the total consumer surplus is

(a — kl)z 4 (CL — k2)2'

S S S _
0S5 =CSF + 085 =3 5

(4.69)

The producer surplus is the sum of profits of all firms in the channel. Here, the producer

surplus is
k? 4 4k3 — 6ak; — Sak 2
PSS=31+ 2 6(11 8a 2‘{‘7&, (470)
16
and total welfare is
WS — psS 408 — 19a% — 14aky — 24aks + Tk? + 12k3 (4.71)
32 ' '
Bundling
The consumer surplus in the market for bundle b, is given by
2a — py
05y = 2", (4.72)
and in the market for bundle bg by
a — Py
CSp = 5 E Qb (4.73)
We insert p;iU = 2(282a+i§1+80k2) and QliU = 3(34a_2?§1_5k2) into (4.72) as well as
P(?BU = 253a+1ilf§+145k2 and QEBU = 2(29a+?:161]%1_65k2) into (4.73). We receive
3(34a — 5k — 29k1)(131a — 80ke — 51k;)
CSEY = 4.74
A 170569 ’ (4.74)
C’SgU _ 5(29a — 65ko + 36k1)(32a — 29ks — 3k1) ‘ (4.75)

170569

27



The total consumer surplus under bundling amounts to

CcsPV = csiv +cspy
_ 18002a® + 3897k7 + 3480k1 ke + 10625k3 — 11274aky — 24730ak:

4.
170569 (4.76)
The producer surplus is given by
pgBU _ 28137k} + 5430k1 ko + 38635k3 — 61704ak; — 82700aks + 72202a> (4.77)
N 170569 ' '
The total welfare is then
WwBYU = 0PV 4 psBY (4.78)
6(15034a? + 5339k% + 1485k ko + 8210k3 — 12163ak; — 17905aks)
- 170569 ‘

Further Calculations

The price of bundle by is greater than the price of retailer Rp’s bundle bp when

ApBY = p pbBBU = W > (. This condition is obviously fulfilled.

The price of bundle by is larger than the sum of retail prices under separate selling

when Ap,, = Py +ps —pEAU = *191aﬁ%85%k2+5k1 < 0. The condition Apy, < 0 is

satisfied for 191a > 5k; 4 186ks, which is clearly given because of a > ki, ka.

Rp’s price is raised by bundling if Apy, = p3 —pfng = 3(731a+§21§2710k1) < 0. We

have Ap,, < 0 for by < %, which is always fulfilled because it holds that
k < 29a+36k1 < 31a+10k1

Retailer R 4’s quantity and thus the total quantity of good 1 is increased due to bundling

when Aqar = ¢, — QPU = 2t l8h) o which is fulfilled for ky < 5=, The

1652
condition ky < 13]?712*“ is obviously always given under profitable bundling. Retailer

R 4’s quantity of good 2 is decreased as a consequence of bundling in case we have
_ BU __ 5a—352ko+348k 5a+4-348k
Aqas = QiQ - QbAU = 2t “ 1

163 > 0. We have Agao > 0 when ko < 5571,
which is satisfied with certainty in the bundling equilibrium since

13k1—a < 5a+348k1
12 353

Comparing retailer Rp’s quantities, we get Agps = q%Q — QbBBU = 181““%% 288k1 ()

for ky < =181at288k1 - Note that =18194288k1 ~ () only for k1 > 28La. Further, note

107 107 288

that 13’?2 4 > _181?3'7288]“ and 188a > {5. Finally, when k; > %géa holds, profitable

bundling increases Rp’s quantity if 0 < ko < %4928%1 and decreases Rp’s quantity

if 13"’1 &> ko > 181+7288k1. In case {5 < k1 < %géa profitable bundling decreases

Bt oy > 0 > —181842880 ho)ds in the

Rp’s quantlty with certainty since then

equilibrium.

28



e Bundling reduces the quantity of good 2 if AQ9e = Qg QPY = 3(31a_4812]%2+10k2) > 0,

which is fulfilled for ko < M The condition ko < M is always met under

(profitable) bundling since ko < 13]“ ¢ < 29“%’5’61“ < 31“2:11%1.
e In the centralized channel, we impose ko < % to ensure QEBU = w > 0.

The restriction ko < %’“ also guarantees p*lg > pg . Regarding R4’s profit, we obtain

Aty = 75 — HﬁU = —(a_2k2+k1)(1195§_2k2_13k1). Note that Amy is quadratic and
2
strictly concave in ko as 8@%79 = —% < 0. We obtain Amy < 0 when kg < %
2

15a—13k,
2

or when ko > . As kg < %kl by assumption, we always have Amy < 0. In

conclusion, bundling always increases retailer R 4’s profit in the centralized channel.

e In case we have only a multi-product manufacturer producing both goods, we need to
impose the assumption ky < % to ensure QbBBU — %72“@1 > 0. As above, this
assumption also guarantees pf > pg . Moreover, the profit difference for R4’s profits

HEU = _ (“’2k2+k1)(71§ff2k2713k1), where A4 is quadratic and strictly

is Amy = Wﬁ—

2
68%14 = —9—18 < 0. We obtain Ay < 0 for ky < %’“ or for
2

. Since ko < % is given by assumption, bundling is here also more

concave in k9 since

kQ > 15a—213k1

profitable than separate selling for R4 in any case, like in the centralized channel.

4.6.2 Retail Quantity Competition

Equilibrium Conditions

Separate Selling

Retailer R4’s separate selling profit is strictly concave in g41 and g49 because we have

8272TA = —2<0and gzqu = —2 < 0. The FOC for R4’s optimal quantity of good 1 reads

a3, A2

om» |
—— =a—2q4 —w; = 0. 4.79
0q.41 ! (4.79)

Solving the FOC for g4 yields R4’s profit-maximizing quantity of good 1.

The FOC that generates R 4’s optimal quantity of good 2 reads

omg

|
—— =a—q —2qA — w9 = 0. 4.80
by TR (0

Solving the FOC for gao gives us R 4’s reaction function

a —(gp2 — W2

: (4.81)

QA2(QB2) =

2
For retailer Rp’s profit, gqu = —2 < 0 holds. The FOC determining retailer Rpg’s
B2

29



optimal quantity of good 2 is

org
9qB2

!
=a—qpo—2q42 —ws = 0, (4.82)

and solving the FOC for ¢po leads to the reaction function

a—qA2 — W2

: (4.83)

QBQ((JAQ) =

The intersection of the two reaction functions (4.81) and (4.83) provides the profit-

maximizing quantities of good 2 for both retailers.

dmy — 1 <0and €% = —4 < 0 hold. The FOCs for the

dwy dws;
optimal wholesale price of good 1 and good 2, respectively, are

In the upstream market,

dmy a+ ki —2wy
= =0 4.84

dry  2(a+ ke —2wq)
= =0. 4.85
de 3 ( )

Solving the FOCs for w; and ws, respectively, generates the equilibrium wholesale prices.

Bundling
Retailer R4’s profit and retailer Rp’s profit are strictly concave in (), and )y, respec-
2 2
tively, because gQIgA = —4 < 0 and gQIgB = —2 < 0. The FOCs with respect to the
ba bp

optimal quantities of the bundles are

oA _ o, Qb — 4Qy, — wy — w1 =0, (4.86)
Qs
ol ,
—a—2 _ — = 0. 4.
500 = ¢ Qv — Qp, — w2 =0 (4.87)

We derive the corresponding reaction functions by solving the FOCs for @, and @,

respectively, and obtain

20 — Qpp — w2 — wy

Qp,(Qvy) = 1 :

(4.88)

a_QbA_wQ

Qb (Qby) = 5

The intersection of the two reaction functions gives us the equilibrium quantities of the

(4.89)

two bundles.
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0*m = —8 < (0. The FOCs regardin
8w% T ’ & &

the optimal wholesale prices of the manufacturers M; and My are

827r22
ows

For the manufacturers, we have = —% < 0and

oy . 3a + 2k1 — wy — 4wy

20 (4.90)
owy 7 o ’
0mo 5a + 4ko — 8wy — wy 1

= = 0. 4.91
8w2 7 ( )

We derive the following reaction functions of the manufacturers:

3a — wy + 2k

wy(wg) = AT wj i 3 (4.92)
w4 4k

waw) = 5““)81+2. (4.93)

The intersection of the reaction functions determines the equilibrium wholesale prices.

Multi-Product Upstream Monopoly
Separate Selling

Again assume that solely firm M;js produces goods 1 and 2. Given quantity competi-
tion, manufacturer Mis’s optimization problems under separate selling and bundling are
analogous to the according ones under retail price competition. For the separate selling
market, it holds again that the two goods are independent in demand. Consequently, the

equilibrium wholesale prices in the setting, where M5 is the only manufacturer, are the

same as in the setting, where we have two independent manufacturers, i.e. wf = %kl
k
and w5 = —“z 2,
Bundling
Consider that R4 bundles. Then, we have strict concavity because of % = —% <0
1
and 8;;122 = —% < 0. The FOCs for M;s’s equilibrium wholesale prices read
2
019 3a + ko — 2wo + 2k1 — 4wy
= =0, 4.94
8w1 7 ( )
0 5a + 4ko — 8 k1 —2

awg 7
We receive the profit-maximizing wholesale prices by solving the equation system above

for wy and wsy.
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Welfare Outcomes

Separate Selling

We plug pf = 29K and Q7 = ¢, = % into (4.65) as well as p5 = 20£%2 and

Q5 = q59 + a3y = % into (4.66). We obtain

(a — ]{31)2

)2
CSS = (“152). (4.97)

The total consumer surplus then amounts to

2502 + 9k? + 16k2 — 18ak, — 32ak
OS85 = 085 4058 = 2T I T o S (4.98)

The producer surplus is

59a? — 64aky — Hdak + 32k3 + 27k?

PSS =
S 144

(4.99)

The total welfare is

143a? + 63k? 4 80k3 — 126ak; — 160aks

S S S
W= = + P =
Cs S 983

(4.100)

Bundling

We insert pbB;U = 2(164a+;?1;1+34k2) and QPV = 2(19a_;?§1_4k2) into (4.72) as well as

pEY = 14904881 +60k2 anqd QPY = 2(15a+1211k71_26k2) into (4.73). We get

2(19a — 4ky — 15k1)(53a — 34ky — 19k;)

CSEY = 4.101
A 47089 ’ (4.10)
4(15& — 26ky + 11]{71)(17(1 — 15ky — 2k‘1)
BU
= . 4.102
¢S5 47089 (4.102)
The total consumer surplus amounts to
CcsPY = 53V + CsgY
B 2(1517a? + 241k? + 360k ko + 916k3 — 842ak;, — 2192aks) (4.103)
N 47089 ' '
The producer surplus is
2(2773k% + 1016k1 ko + 4678k3 — 6562ak; — 1372aks + 8, 467a>
pgu _ A 1t 12 + 2 @k akz +8,467a7) (4.104)

47089 ’
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and total welfare reads

WBU — CSBU —f-PSBU

 4(4992a% + 1507k + 688k1ky + 27973 — 3702ak; — 6282aks) (4.105)
= 47089 ' '

Further Calculations

e The sum of retail prices under separate selling is smaller than the price of bundle b4
it Apy, = pf +p5 — pPU = 39T IR) ) which is given if 19a > dky + 15k,

A

The condition 19a > 4ky + 15k; is always fulfilled because of a > kq, k2.

e Retailer Rp’s price is raised by bundling if Ap;, = p2 pBU 713a+%?1’2 2k,

We find that Rp’s price is always greater under bundling than under separate selling.

This is because Apy, < 0 holds for ky < %, which is met with certainty because

of k? < a+3k1 < 13a—§724k1

e The difference in R4’s quantity of good 2 is Agqe = qfﬁ QBU = _11a_116§(l)€22+180k1,
where Agao < 0 for ko > % Note that 180%911“ < a+3k1 and that %Tna >0

when ky > 180a Thus, when k; > 180a bundling increases R A’s quantity of good 2 if

“+3k1 > ko > M%Tna and decreases it if 0 < ko < %TH“ Given k1 < 180& we

have ko >0 > 1801ch11¢1 and then R4’s quantity of good 2 is increased due to bundling.

e Retailer Rp’s quantity is decreased by bundling if Agps = q§2 Q{JBU > 0, which

is fulfilled when ko > 2EL=570 e have 132M-37Ta o atdky o q 132M =37 o ) jf

k1 > 132a Consequently, in case ki > 132a retailer Rp’s quantity is reduced due to

bundling for M > kg > 132%% and it is increased for 0 < kg < 132’%%. If

k1 < %a, bundhng always reduces Rp’s quantity as then ko > 0 > 132%%

o If AQ2 = Qg —QPY = W > 0, the quantity of good 2 is lowered by

bundling. The condition AQs > 0 is given if ko < 13952401 which is fulfilled with

37
a+3k1 < 13a+24kq
37 :

certainty since ko <

e In the centralized channel, we need to assume kg < @ in order to guarantee that

Q{,BBU = 72%3]762“‘31 > 0 and ky < 7‘”3}“1 to guarantee p*l9 > pg. As 72a—§k1 > Lf’kl, it suf-
a+3k; BU _ _ (a+2ky—3k1)(11a—62ky+51k1)
fices to assume kg < ==L, Also, A?TA = 7TA IT4 764 <0

holds either for ky € (3’“12 o, MatSUh) if by > 4 or for ky € (0 Matblhs ) if fy < §
2
since A4 is quadratic and strictly convex in ko as 9 aigA = 441 > (0. When Amy <0,
2
+51k1 < a+3k1

. , . . . 11
retailer R4’s bundling profit exceeds his separate selling. Note that ~—%%;

Our results demonstrate that bundling may be profitable for R4 in the centrahzed

case, depending on the marginal costs of production of the manufacturers.
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e With a single manufacturer, we suppose ko < % to ensure QbBBU = %’W >0

and ko < “+473kl to ensure p; > p5. Again, it suffices to assume ko < %. We

2 _ 2 _ 2 .
got Ay = 7 — [1BU = _ 1o’ —40aks +18ak 12§§%g288k1k2 441k 2888 _ () Gither for

ko € (3]“2*&, 11ag251k1) if ky > § or for ky € (O,Hag%kl) if k1 < § because Amy is

02 Ar 4
k2
incentives here are analogous to the centralized channel.

quadratic and strictly convex in ko since = 8% > (. In conclusion, the bundling

4.6.3 Proof of Theorem 4.1

Retailer R 4’s bundling profit exceeds his separate selling profit if and only if

Ary =5 —TI§Y (4.106)
_ 4105a% 4 a(—57170k; + 48960k ) — 3600k3 — 41760k1 ko + 49465k7 -0
N 2729104

2
Notice that A7, is quadratic and strictly concave in ko (a (‘)%ch = — s < 0>. Solving
2

for ko yields that Amy > 0 for ko € (131?2_a, 821“507611‘71). We obtain Amy < 0 in case

ko < 13]?2*“ or ky > %. The marginal cost k9 is bounded from below by 0

29a+36k 29a+36k _ 821a—T61k; 13k1—a ot
5 o < 0 and ==35— may be positive or

and from above by , Where

negative. We have 13’?{“ > 0if k1 > {5. Therefore, we can derive the bundling incentives

as follows:

(a) If k1 < {3, then 13]‘;%“ < 0 and, consequently, we have ko > 0 > 7131?2%. If

ko > 13’]]'712_“, then Am4 > 0 holds, which means that R4 gains a higher profit by

separate selling than by bundling. Thus, R prefers separate selling over bundling

in case k1 < {3 .

(b) If k1 > {5, then Am4 > 0 holds for kg € (13]6112*", 29“&36’“). Consequently, R 4 prefers

13k1—a 29a+36k )
12 > 65 :

separate selling over bundling when k1 > {5 and ko € (

(c) If k1 > {5, we obtain Ary < 0 for kg € (O, Bﬁ#) When Amys < 0, then bundling

raises R 4’s profit in comparison to separate selling. In conclusion, bundling is R 4’s

equilibrium strategy if k1 > {% and k; € (0’ 13k1:12—a)_

4.6.4 Proof of Proposition 4.2

Manufacturer M;’s wholesale price under bundling exceeds his wholesale price under

separate selling, i.e. wPV > wy, if ky < 9‘114(')]“. Since 29“?;56]“1 < 9“14(')’“, we have

ko < 29“253%1 < gaf[)kl. Hence, wPY > wy holds in any case.
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Manufacturer Msy’s wholesale price under bundling exceeds his wholesale price under
separate selling, i.e. szU > wf, if ko > —ba + 6k, where —5a + 6k; < % and
—5a + 6k; > 0 for k; > %a. In case k1 > %a, we obtain w8V < w5 if ko € (0, —5a + 6k1)
and wQBU > wg if ko € (—5(1—{—6161,29%5361“). Furthermore, if k1 < %a, we have

ko >0 > —5a + 6k; and hence wPV > w5 is given.

The sum of wholesale prices amounts to w{ + w5 = w under separate selling and

to wPV 4+ wPlU = 860t25k42Th1 1 der bundling. We have 20514k  00a-t20k £27Th1 ) opy

ko < 714“55’“, which is always fulfilled because of ks < 29“;5'6]“1 < 14“§5k1. Consequently,

the sum of wholesale prices under bundling is always greater than the sum of wholesale

prices under separate selling.

4.6.5 Proof of Proposition 4.3

We prove the cases according to the cases in the proposition:

(a) Manufacturer M;’s profit is increased by bundling if and only if

Amy =7y — 7BV (4.107)
_ 4183k% — 6960k1 ko — 600k3 — 1406ak: + 8160aky — 3377a?
- 194936

<0,

2
where Am; is quadratic and strictly concave in ko <‘9 ai;” = —520 < O). By solving
2

for ko, we derive that Amy > 0 if kg € (25'6366”’&??4'3641‘51, 790'364“gg30'364k1>. Conse-

quently, in case ko < 25'636“Jgg4’364k1 or kg > 790'364ag()730’364k1, we have Am; < 0.

It holds that 25-036a£34.364ks o 13k1—a = Thyg with profitable bundling, we have

ko < 13]‘112_‘1 < 25.636agg4.364k1 and therefore Am; < 0 holds. In conclusion, M;’s

profit is always increased by profitable bundling.

(b) Manufacturer My’s profit is raised by bundling if and only if

Amy = m5 — aBPV (4.108)

_ —180k7 — 3480k ko + 7547k3 + 3840aks — 11614aks + 3887a? “0
N 97468 '

2
aaiém = 7478574374 > 0). Solving

for ko yields that Amg < 0 for ko € (3712'708‘%5’?34‘29%1, 7901'292?51%54'29%1). Further-

more, it yields that Ams > 0 for ky < 3712.708(17—;5;334.292@ or ky > 7901.292?5—4?%54.2921431‘

3712.708a+3834.292k1 13k1—a 13k1—a 3712.708a+3834.292k;
We have v > 55— and hence k2 < 55— < v

Notice that Ams is quadratic and strictly convex in kg

in the bundling equilibrium. This means that Ams > 0 is always satisfied under
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profitable bundling and therefore profitable bundling leads to a lower profit than

separate selling for manufacturer Ms in any case.

4.6.6 Proof of Proposition 4.4

We prove the cases according to the cases in the proposition:

(a)

The consumer surplus is increased by bundling if and only if

ACS = CS° —CsBY (4.109)

_276781a? — 573192aky + 19630ak + 342276k3 — 111360k ko + 45865k7 _
- 5458208 ’

2
where AC'S is quadratic and strictly convex in ko (a &gs = 68852526796 > 0> with its
2

2
vertex regarding ko at V (238832‘;%;‘??40]"1 61551(57_3];1) > We clearly have AC'S > 0

-— 2 . .
because of % > 0. Hence, the consumer surplus decreases with certainty

when R4 bundles.

The producer surplus is increased by bundling if and only if

APS = PS% — psBU (4.110)

3(20505k% — 28960k ko + 21372k3 — 12050ak; — 13784aks + 12917a?) “0
2729104

2
Note that APS is quadratic and strictly convex in ko (8 8%:23 S — 31461012398 > 0). Re-
2

5343 28496 28496
holds, we always have APS > 0. In conclusion, bundling always leads to a reduction

2 2
garding ko, APS has its vertex at V ( 1723043620k, | 335(a—k1) ) Ag 333(a—k1)”

in producer surplus.

As the two previous cases show, producer and consumer surplus are always lowered

by bundling and hence the total welfare is always lowered as well.
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4.6.7 Proof of Proposition 4.5

Retailer R 4’s bundling profit exceeds his separate selling profit under quantity competi-

tion if and only if

Amy = Wi —5v

B 196285a% — 201608aks — 190962ak; + 169924k3 — 138240k ko

6780816
423801ko — 259200k%
< 0. 4.111
6780816 ( )
Note that Amy4 is quadratic and strictly convex in ko <82£§A = 8442;168012 > O). The ver-
2
tex of Ama with respect to ko is given as V (25201222};7128%1 136%178%56]“ 1) ) Notice that

2
% > (. This means that we always have Am4 > 0, which implies that R4’s

separate selling profit exceeds his bundling profit in any case. As a consequence, R4 does

not play a bundling strategy in the equilibrium under quantity competition.

4.6.8 Proof of Proposition 4.6

Manufacturer M;’s wholesale price under bundling is greater than his wholesale price un-

B Ta+ky
8

der separate selling, i.e. wPV > wf Jif ko < . The marginal cost kg is restricted from

above by %f’kl. We have kg < %fkl < % and, consequently, wPV > w{ always holds.

Manufacturer Ms’s wholesale price in the bundling market exceeds his wholesale price in
the separate selling market, i.e. szU > wg, if ko > —3a + 4k;. We have —3a + 4k > 0 if
k1 > %a. For k1 > %a and ko € (0, —3a + 4k;), the wholesale price of good 2 diminishes
due to bundling. When k; > %a and ko € (—3@ + 4k, azﬂ), however, the wholesale
price increases. In case k1 < %a, ko > 0 > —3a + 4k holds, which implies that the
wholesale price of good 2 rises as a consequence of bundling.

Under separate selling, the sum of wholesale prices amounts to wf + wf = W,

and to wPV 4+ wfV = w under bundling, where 2“+k22+k1 < 2(18a+§lf2+7k1)

is fulfilled if ko < M. The condition ko < 10’17;3]“ is satisfied in any case because

of ky < a+jk1 < 10“;%1. Thereby, the sum of wholesale prices under bundling is always

greater than the sum of wholesale prices under separate selling.
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