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Abstract

Research has found that downstream bundling aggravates the problem of double marginal-
ization in a decentralized channel, but reduces the intensity of downstream price competi-
tion when trading homogeneous goods. We study the validity of those results in a set-up
where the traded goods have heterogeneous product qualities. We find that the quality re-
lation between the goods determines whether the competition reduction effect of bundling
outweighs the aggravation of double marginalization in a decentralized channel. Thus, the
quality relation between the goods determines the profitability of downstream bundling.
The underlying market consists of a distribution channel with two downstream firms and
two price-setting monopolistic upstream producers. One upstream firm sells good 1 exclu-
sively to one downstream firm and the other upstream firm sells good 2 to both downstream
firms. The downstream firms compete in prices and the two-product downstream firm has
the option to bundle both goods. In particular, we find bundling to be profitable for the two-
product downstream firm only when the quality of good 2 exceeds the quality of good 1.
However, we find bundling always to be profitable when the production process is con-
trolled by the downstream industry. The impact on total welfare is ambiguous and depends

on the distribution of market power in the channel and the quality levels of the goods.
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1 Introduction

Selling individual goods as a bundle for one price is a selling strategy often considered by firms.
Whether this strategy is attractive for a company and might lead to higher profits than selling
the goods on a standalone basis might depend on whether the traded goods are homogeneous or
heterogeneous. This paper focuses on heterogeneous products that differ in their quality levels.
It studies the impact of various qualities between goods on the retail bundling incentives in a
decentralized channel and its impact on welfare. Following Héickner (2000), we interpret the
customer’s valuation for a good as product quality and use this interpretation to implement the
goods’ quality levels into our theoretical model.

Our market follows the market proposed in Heinzel (2019) and consists of a decentralized
market with two goods, two upstream firms, and two downstream firms. Each of the two
upstream firms is a monopolistic producer of one good. One upstream firms sells its good 1
exclusively to one downstream firm, whereas the other one sells its good 2 to both downstream
firms. Thus, one downstream firm supplies one product as a monopolist and competes with
the other downstream firm in the second product market. This two-product downstream firm
has the option to purely bundle the goods or to sell them separately to the final customers.
The downstream firms compete in prices. We argue that this exclusivity relationship between
upstream and downstream industry can be found in the retail industry, for instance: Retail stores
often purchase goods specifically for them produced from manufacturers and sell them as so-
called store brands to the final customers. Additionally, streaming service providers such as
Netflix often supply exclusive content on their platforms for which they acquired the exclusive
streaming rights.

Our analysis enables to gain insides into the motives and market consequences of down-
stream bundling. It is already shown that downstream bundling aggravates the problem of
double marginalization (e.g., Bhargava, 2012), and that it might reduce the intensity of down-
stream price competition (e.g., Carbajo et al., 1990). Heinzel (2019) studies the interplay of
both effects in a vertically related market with competition in one downstream market when
the traded goods are of the same quality. Contrary to that, the present study assumes the goods
to have heterogeneous and exogenous qualities. Therefore, we study whether the effects an-
nounced by Bhargava (2012) and Carbajo et al. (1990) also hold for heterogeneous goods with
different quality levels and how both effects affect each other, and consequently the profitability
of downstream bundling, in a market set-up as described by Heinzel (2019).

We investigate the following research questions: How do various degrees of product qual-
ities impact the selling decision of the two-product downstream firm? How do profitable down-
stream bundling and product qualities affect market results, especially welfare outcomes? How
does the distribution of market power in the channel affect the findings qualitatively?

The bundling literature that deals with a market set-ups as our downstream market is two-

fold. One part of the literature focuses on bundling as a strategic tool to affect the competition



in the second market (see e.g., Carbajo et al., 1990; Martin, 1999; Egli, 2007; Vamosiu, 2018).
The other part of this literature deals with bundling as a strategy to deter entry or to foreclose
the second market (e.g., Whinston, 1990; Choi and Stefanadis, 2001; Carlton and Waldman,
2002; Nalebuff, 2004; Peitz, 2008; Hurkens et al., 2019). The very same part of the literature
stream is called leverage theory of bundling, in which the multi-product downstream firm might
leverage its market power from the monopoly into the duopoly by bundling. Since the distinc-
tion between these two parts of the literature is not always clear, we refer to both parts of the
literature as leverage theory but focus in our work on the competitive aspect of bundling.

Close to our paper are the articles by Carbajo et al. (1990) and Martin (1999). Carbajo
et al. (1990) consider a set-up with a two-product firm that competes with a one-product firm
in one product market but is a monopolist in the other product market. They observe that
bundling lowers the degree of competition between the firms, given that they engage in price
competition. This effect leads to bundling always being more profitable than separate selling.
Given quantity competition, separate selling may be more profitable than bundling in their set-
up. They additionally find that bundling always reduces consumer surplus but has ambiguous
effects on social welfare. This implies that a firm’s bundling strategy may affect the intensity of
oligopolistic competition and this, in turn, may have an impact on the bundling decision itself.
Martin (1999) considers the same market structure as Carbajo et al. (1990) but concentrates
on quantity competition and considers complementarity as well as substitutability between the
goods. He finds that bundling may change or create substitutability relationships between the
traded goods. Furthermore, bundling always reduces consumer surplus and social welfare in
the equilibrium in Martin’s model.

Besides that, our study also connects to the literature of vertical product differentiation even
though it does not directly add to it since we mainly focus on different quality levels between
independent goods. One study that examines the interplay of product quality and bundling is by
Banciu et al. (2010). They study a monopoly market and introduce goods with different quality
ratings as well as fixed available resources and zero variable costs. They find that pure bundling
is the optimal strategy compared to mixed bundling and separate selling when the products are
vertically differentiated and the capacities are unconstrained. Honhon and Pan (2017) study a
monopolist who either offers vertically differentiated components or bundles those components
but, contrary to Banciu et al. (2010), they consider positive variable cost. They contradict the
results of Banciu et al. (2010) by showing that pure bundling, mixed bundling, or separate
selling can be the optimal strategy under unlimited capacity. Honhon and Pan also demonstrate
that pure bundling may be optimal over mixed bundling or separate selling for a superadditive
quality relationship and that separate selling may be optimal for all product categories.

In summary, Banciu et al. (2010) and Honhon and Pan (2017) show that the quality relation-
ship between the components affects the optimality of the bundling strategies. They illustrate
that the introduction of vertical product differentiation results in situations where pure bundling

dominates mixed bundling and pure components selling. This finding is in contrast to previ-



ous literature on bundling (Schmalensee, 1984; McAfee et al., 1989) that shows that mixed
bundling (weakly) dominates the other two strategies. These literature results demonstrate that
product qualities should be considered when analyzing bundling.

Our paper also contributes to the literature strand that evaluates downstream bundling in
a decentralized channel. Other articles within this research field are, for instance, Bhargava
(2012), Chakravarty et al. (2013), Girju et al. (2013), Cao et al. (2015), Chen et al. (2016), Ma
and Mallik (2017), Cao et al. (2019), and Giri et al. (2020). The article by Bhargava (2012) is
especially connected to our paper. He illustrates that in a channel with a monopolistic retailer
and two monopolistic manufacturers, retail bundling induces both manufacturers to overprice
their goods. Thus, bundling aggravates the double marginalization problem and this makes
bundling the inferior strategy compared to separate selling for the retailer. Also related to our
work is the paper by Ma and Mallik (2017). They evaluate bundling in a channel that consists
of one retailer, one manufacturer, and two vertically differentiated goods (a premium and a
basic good). They show that the results of Banciu et al. (2010) and Honhon and Pan (2017)
regarding the (possible) dominance of pure bundling under vertical differentiation over mixed
bundling and separate selling hold under vertical differentiation and double marginalization.

Recapitulating, the existing leverage theory research has mainly focused on non-vertical
markets. The existing literature on downstream bundling has mainly investigated distribution
channels without downstream competition and widely disregarded the impact of qualities. We
add to the bundling literature by being, best to our knowledge, the first paper to evaluate down-
stream bundling in a distribution channel, where the goods differ in qualities and the down-
stream market is of a leverage theory set-up. Hitherto only Heinzel (2019) evaluates down-
stream bundling in a distribution channel with such a leverage structure in the retail market.
He finds that under price competition, the positive effect of bundling in the form of a reduction
in the intensity of competition can outweigh the negative effect of bundling in the form of an
aggravated double marginalization problem. The final effects depend on the upstream firms’
marginal production costs. Contrary to this, under quantity competition, retailer bundling is
never profitable. In Heinzel’s model, both traded goods have symmetric quality levels and are
not in the focus of his analysis, which is in contrast to our model.

The major findings of our study can be summarized as follows. We find that the quality of
good 2 needs to exceed the quality of good 1 for downstream bundling to be profitable for the
two-product firm. However, bundling also aggravates the problem of double marginalization
for the bundling firm and thus may not be a profitable strategy. Put differently, for a suffi-
ciently low quality of good 2, the two-product downstream firm prefers to price its products
independently. This is the case even though bundling reduces the intensity of competition in
the downstream duopoly and leads to an extension of the two-product firm’s monopoly power
regarding good 1 into the downstream market for good 2. In short, the product qualities de-
termine the profitability of bundling by influencing the magnitudes of both the competition

reduction effect of bundling and the aggravation of double marginalization. Thereby we con-



firm Heinzel’s (2019) results that the positive effect of bundling in the form of a reduction in the
intensity of competition can outweigh the negative effect of bundling in the form of an aggra-
vated double marginalization problem under price competition. Contrary to him, we identify
the product qualities as the determining factor for the final effect.

To illustrate the impact of double marginalization, we analyze a centralized channel where
the full market power lies with the downstream firms and therefore double marginalization is
eliminated. We observe that bundling is always the two-product firm’s best strategy in the cen-
tralized channel. Hence, we identify the double marginalization problem and its aggravation
by bundling as a factor to lower the bundling incentive in the channel. Yet, when we consider
that both goods are produced by a single upstream firm with upstream market power — and
therefore also have double marginalization — bundling is again always the two-product firm’s
best strategy. Consequently, Bhargava’s (2012) result that it is a combination of vertical ex-
ternalities and horizontal externalities upstream that weakens the downstream firm’s bundling
incentives in the decentralized channel holds when the traded goods differ in quality and there
i1s downstream competition in the channel in one product market.

Our observation that bundling is not always the two-product firm’s best strategy is especially
interesting considering that parts of the previous leverage theory literature find bundling under
price competition to be always profitable (compare Carbajo et al., 1990; Peitz, 2008). Chung
et al. (2013) already identify the degree of inter-brand differentiation between the competing
products as a pivotal factor to drive the bundling decision. Our paper additionally identifies on
the one hand the product qualities and differences in these levels and, on the other hand, the
channel effects as decisive factors that drive the profitability of bundling under price competi-
tion.

Furthermore, we identify downstream bundling as a welfare deteriorating strategy in the
decentralized channel since it reduces both consumer surplus and producer surplus in equilib-
rium. In the centralized channel, profitable bundling reduces consumer surplus but increases
producer surplus, which can lead to an increase in overall welfare. The ultimate effects in the
centralized channel are determined by the quality levels: Total welfare is increased by prof-
itable bundling for a low quality level of good 2, and decreased for a sufficiently high quality
level of good 2.

In a discussion, we relax the strict additivity assumption of the products in the bundle and
find that when the goods are subadditively or superadditively valued, then bundling may be
also profitable when good 2 is of higher quality than good 1. Furthermore, if the bundled goods
exhibit superadditivity, bundling can be profitable independent of the quality relation between
the bundled goods.

The rest of the paper is structured as follows. We analyze the decentralized channel in
Section 2 and investigate the centralized channel in Section 3. In Section 4 we discuss our
results for relaxing the non-negativity constraint and relaxing the strict additivity assumption

of the bundled goods. Section 5 concludes.



2 Decentralized Channel: Framework and Analysis

2.1 Basics of the model

The distribution channel consists of two downstream firms (D4 and Dg), two upstream firms
(U1 and U,), and two products (good 1 and good 2). There is a continuum of final customers.
Good 1 is manufactured by upstream firm U; and good 2 by upstream firm U,. Both upstream
firms are monopolists in their respective markets and both goods are produced at symmetric
constant marginal cost k > 0.! We assume that upstream firm U; and downstream firm Dy
have an exclusive relationship. In particular, we assume that both firms behave according to
an exclusivity contract, which allows Uj to sell its good 1 only to D4, making D4 the down-
stream monopolist for good 1. Such an exclusive relationship can, for instance, be found in the
streaming service industry and might reflect a producing company that sells certain productions
exclusively to one streaming service. Another example for exclusive agreements is the ‘Ama-
zon Exclusives’ program. Manufacturers involved in this program must sell their goods only
via Amazon.com and not via any other online marketplace.” Good 2 is sold to both downstream
firms by U,, leading to a downstream duopoly. We assume that the downstream firms engage
in price competition in the market for good 2.

The goods manufactured by the upstream firms are the input goods of the downstream firms
and are resold without any changes in their characteristics as final goods by the downstream
firms. This implies that 1) the downstream firms transform the inputs into output on a one-
to-one basis at zero cost and that 2) the downstream firms supply the products to the final
consumers with the quality provided by the upstream firms. Moreover, neither D4 nor Dp have
any production costs (e.g., for repackaging or bundling) when selling the goods to the final
customers.

In the subsequent sections, we solve the following game for the subgame perfect Nash equi-
librium in pure strategies by applying backward induction. Thereby, we consider the following
timing (Figure 1): At first, the two-product downstream firm D4 decides whether to bundle the
products or not, whereas it only bundles if it leads to a higher profit than selling the products
separately. Afterwards, both upstream firms set their equilibrium prices. In particular, upstream
firm U; (U,) sets the input price ¢ (c2), which depends on the two-product downstream firm’s
selling strategy. In the last step, both downstream firms choose their profit-maximizing prices.

Our timing implies that the upstream firms already know whether D4 bundles when making
their pricing decision. This can be observed in reality in the streaming service industry, for
example. As Netflix’s pure bundling strategy is common knowledge the producers set their
prices being already aware of Netflix bundling strategy. Furthermore, you can also interpret this
timing in the sense that the upstream firms predict the bundling strategy due to the historical

actions of the downstream firm. Note that we could also simply assume that D4 makes a

'The following analysis reveals that our qualitative results hold for k = 0 without loss of generality.
ZRegarding the reasoning for such exclusive relationships see Heinzel (2019).
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precommitment to either bundling or separate selling in the beginning and that in the first stage
the upstream firms set their prices and in the second stage the downstream firms make their

pricing decisions, which is how the game in Bhargava (2012) is played.

Downstream firm Dy Upstream firms Downstream firms
decides on bundling set input prices choose prices
| | |
Stage 1 Stage 2 Stage 3

Figure 1: Timing of the game

We first solve the model for the case in which Dy, is assumed to sell its products separately,
and then for the case in which D4 is assumed to bundle its products. We only consider pure
bundling as a bundling strategy for D4. In a last step, we compare the market results under
separate selling and bundling in order to determine Dy4’s incentives to bundle. All proofs, first-

and second-order conditions as well as comparisons can be found in the Appendix.

2.2 Separate selling: Nash equilibrium outcomes

Assume that downstream firm Dy plays a separate selling strategy (the superscript S denotes,
mostly, the equilibrium solutions for this case) such that firm D4 supplies good 1 and good 2
separately and downstream firm Dp offers good 2 to the final customers. Good 2 is perfectly
substitutable between the downstream firms. Hence the final customers are indifferent between
buying good 2 from either one of the two downstream firms. Figure 2 provides the market

structure in the separate selling case.

Upstream Downstream Final demand

Uj

O

: Price comp.

U,

Figure 2: Market Structure under separate selling

The aggregate final customers’ preferences regarding good 1 and good 2 are given by the



representative customer’s utility and follow Dixit (1979):3

1
v:m+a1Q1+a2Q2—5(Q%+Q%), (1)

where Q; (Q») is the quantity of good 1 (good 2) purchased by the representative customer
and m is the quantity of other goods he consumes. The parameter a; > 0 (a; > 0) denotes the
customer’s valuation for good 1 (good 2), which represents the customer’s reservation price for
the respective good. We assume ap,a; > k to ensure market transactions. As already pointed
out, the customer valuation for a good can be interpreted as the product quality of the respective
good such as in Héickner (2000), for instance. We adopt this interpretation in our model and
thus denote a; (ay) as the quality of good 1 (good 2). We allow for a; = a; but focus on the
cases where we have a; # a;. We assume the quality of each good to be exogenously given
and the two standalone goods to be independent in demand, where the latter is incorporated
in the customers’ preferences. The parameter m denotes the composite good whose price is
normalized to one.

The price of good 1 (good 2) is given by p; (p2). Solving the representative customer’s

optimization problem gives us the following inverse demand for the two standalone goods:
p1=a1— 0,

p2=az — Q».

It holds that Q> = g4> + gp2, where g4» is firm D4 ’s supplied quantity of good 2 and gp; is
firm Dp’s supplied quantity of good 2. The downstream quantity of good 1 supplied by Dy is

Q1 = qa1- By the inverse demand, we derive the demand of the two goods as
Q1 =a1—pi, (2)

0> = ax — ps. (3)

The profit that downstream firm D4 maximizes is compounded by the profit it gains in the
monopoly regarding good 1 and the profit it gains in the duopoly regarding good 2. Firm Dp’s
profit depends solely on the profits it gains in the market for good 2. Finally, the equilibrium
downstream profits are ﬂgA = (p} — )5, + (P5 — 3)q5, and ”LS)B = (p5 — ¢3)q5, with equi-

librium prices

ai+c
Pi=—5—" 4
P =ca. (5)

The downstream price for good 2 is driven down to marginal cost in equilibrium due to the

3Strictly spoken, we are depicting the utility function V (m,Q1,Q,). For better readability, we refrain from
depicting the functions’ arguments in our following calculations.



price competition for a homogeneous good between the downstream firms. The downstream
firms’ marginal costs are given by the respective input prices set by the upstream firms.

We now turn to the upstream side of the supply chain. In order to receive firm Dy4’s input
demand regarding good 1, we substitute Equation (4) into Equation (2). The input demand
regarding good 2 is obtained by inserting Equation (5) into Equation (3). The input resulting
demands are
. ay —C1

Ql_ 2 9

02 =az — 3.

Finally, the profits of the upstream firms are given as
Ty, = (c1 —k) Qu,

Ty, = (CZ - k) QZ-

Maximizing the profits with respect to the input prices leads to the equilibrium input prices:

ar+k

) = 5 (6)
ar+k

= o (7)

We receive the final market results by inserting (6) and (7) into the other market entities.
Further below, Lemma 1 lists the equilibrium input prices and the residual equilibrium values
under separate selling.

2.3 Bundling: Nash equilibrium outcomes

Now suppose that downstream firm D4 purely bundles its products (the superscript BL denotes,
mostly, the equilibrium solutions for this case). Bundling in our set-up means that firm Dy
ties good 1 with good 2 and sells solely the resulting product combination (called bundle A) at
a single price. We assume that bundle A contains one unit of good 1 and one unit of good 2,
which can be denoted as bundle A : (1, 1). For notational purposes, we denote firm Dg’s product
as bundle B : (0, 1), which consists only of one unit of good 2. Figure 3 depicts the market
structure in the bundling case.

The relationships between the quantities of the two component goods and the bundles are
Q1 = ba, 8)

0> = bs +bp, )

where by is the quantity of the bundles sold by firm D4 and bp the quantity of bundles sold



Upstream Downstream Final demand

U
! ~__bu
: Price comp.
pundl®

U,

Figure 3: Market structure under bundling

by firm Dp. Following a method used by Martin (1999), we substitute (8) and (9) into (1).
This method yields V, which describes the utility the representative customer derives from

consuming the bundles and other goods m:

1
v:m+mﬁwgm+@m—§@ﬁ+ﬂmm+%y

The same assumptions regarding the quality parameters a; and a, are imposed as in the
separate selling case. We suppose strict additivity concerning the qualities of the two standalone
goods.* This means that a bundle provides the same total quality as the sum of the qualities
of its component goods. Consequently, bundling does not add (superadditivity) or reduce any
value (subadditivity) in product quality.”

The price of bundle A is denoted by p4 and the price of bundle B by pp. Solving the
representative customer’s optimization problem regarding bundle A (respectively bundle B)

gives us the inverse demand for the bundles:
pa=ai+ay —2bs — b, (10)

pB =a; — by —Dbp. (11)

Thus, the demand for the bundles are
bax = pp—pa+tai,

bp = pa—2pp+tar—a.

We observe that % > (0 and % > 0. This means that the two bundles pose imperfect

4Venkatesh and Kamakura (2003) and Honhon and Pan (2017) refer to products with a strict additivity rela-
tionship as independently valued, which is consistent with our assumptions.

3See Subsection 4.2 for the effects of sub- or superadditivity regarding the qualities on the incentives for
downstream bundling.
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substitutes, whereas under separate selling both downstream firms’ products in the market for
good 2 are perfect substitutes. Consequently, bundling differentiates the products sold by both
downstream firms in the duopoly. Additionally, the standalone goods are independent in de-
mand under separate selling, but the bundles are substitutes. Hence, bundling creates substi-
tutability between the goods, which is in line with Martin (1999). The product differentiation
in the duopoly enables both downstream firms to charge under bundling a downstream price
above input price.

Under bundling, the downstream firms’ profits are
TCDA :(pA_Cl—CZ)bA, (12)

Ttp, = (PB—C2) bp. (13)

Solving the downstream firms’ optimization problems leads to the equilibrium price for

bundle A, respectively bundle B:

gL dai+dc +ay+6¢c)
pA - 7 )

BL 2a7 —aj+c;+5¢
pB = 7 *
We insert Equations (2.3) and (2.3) into Equations (2.3) and (2.3) to receive the input de-

mand. We directly obtain the input demand for good 1 since b4 = Q;. We get the input demand
for good 2 by calculating by + bgp = Q,. Note that we obtain bg = 2(2a2_a17_ 2e2t¢1)  We ulti-

mately receive

_ 3art+ay—3c1—c2
= - ,
- ay+5a,—c; —5¢
= - .

04

O

We observe %—% < 0 and %—% < 0. This means that the two standalone goods become

complementary input goods because of being tied together in bundle A.
The profits of both upstream firms under bundling are analogous to the ones under separate

selling. The upstream firms’ equilibrium input prices under bundling are

Cl - 59 )

2 59
Since the two separate goods are complements under bundling, a raise in the quality of

either good and therefore in the customer valuation induces higher input prices. This means
acth . ey . . o
that Wii > (. Inserting the equilibrium input prices under separate selling and bundling into

the residual entities generates Lemma 1.
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Lemma 1. The equilibrium values under separate selling and bundling are as follows:

Separate selling Bundling
s (a1—k)? BL __ 9(29a;+5a,—34k)?
Profit of downstream firms =16 T, = 70569
s BL _ 2(—36a;+65a,—29k)*
Tpy =0 Tpp = 170569
—k)* 2 —34k)?
Profit of upstream firms ngl = (algk) nglL =3 96’1;53“627 34k)
s — (@—k)? pBL — 5(3a1+29a,-32k)
Uy = Uy — 24367
Input prices cf = att cBL — Pa+56,325k
S _ atk BL _ 3a1+29a,+27k
=73 6= 59
Final pI'iCCS p?’ _ 3ai|_+k pﬁL _ 311a1+a5133a2+262k
S _ aytk BL _ —15a;+268a;+160k
Pr=73 Pp = 413
Quantities Q*f = “1471‘ Q?L — 3(29%532_34]‘)
S _ ar—k Bl 5(3a1+29a2—32k)
=" O =13
Downstream quantities g, =4~ pBL — 3@t Sa 34k
S _ ar—k
da2 =~
S _ a—k pBL — 2(=36a1+65a,—29%)
dpr = ~4 B = a3
Proof. See Appendix A.1 and A.2. [

Note that b5L > 0 only holds for a; > % and pBL > 0 only for a > %, where
36“‘6;529]‘ > 15“‘2g§60k. Therefore, we impose the restriction that a; > % = gg. The as-
sumptions ap > Qg > kand a; > k ensure non-negativity for all equilibrium market magnitudes.®

The differentiation of the goods in the duopoly reduces the intensity of the hard price com-

petition between the downstream firms and therefore allows Dp to charge a price for bundle B
above the input price of good 2. This in turn enables firm Dy to set a very high price for bun-
dle A, which is clearly larger than the sum of input prices of both components. This observed
reduction in the intensity of competition under price competition has a positive effect on both
downstream firms’ bundling profits and is in line with previous papers on leverage theory, such
as Carbajo et al. (1990); Egli (2007); Chung et al. (2013); Heinzel (2019). It is the effect that
may make bundling profitable for D4 as illustrated in the following.

6See Subsection 4.1 for the equilibrium values without the non-negativity constraint and the respective analysis
of equilibrium results.
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2.4 Bundling Decision and the Consequences of Bundling

In this section, we first illustrate under which conditions bundling represents an equilibrium
strategy for downstream firm D4. Firm D4 bundles only when its profit in bundling is higher
than its profit in separate selling, which we refer to as profitable bundling. More specifically,
we first derive the constellations and degrees of product quality levels that ensure the existence
of a bundling equilibrium. In the next step, we investigate the role of input prices regarding
firm D4’s motivation for bundling. Then, we analyze how profitable bundling affects the market
magnitudes, such as other firms’ prices and profits, in comparison to separate selling. Finally,

we examine the effects of profitable bundling on social welfare.

2.4.1 Downstream bundling incentives

We assume pf > pg in our framework and hereby follow the reasoning of Carbajo et al. (1990).”
They argue that it is the goal of the firm’s bundling strategy to raise the downstream price of
good 2 in order to extract more consumer surplus from consumers who buy good 1 under
separate selling. Given that firm D4 bundles, all consumers that want to consume good 1 can
only receive it by purchasing the bundle. Finally, in order to obtain good 1, they would also
be willing to pay a higher price for good 2. Considering pf > pg, we compare Dy’s separate
selling profit with its bundling profit and identify the quality levels of good 1 and good 2 under

which bundling is D4’s preferred strategy. Proposition 1 summarizes our findings.

Proposition 1. In the decentralized channel, downstream firm Dy prefers bundling over sep-

arate selling if the quality of good 2 is sufficiently large, i.e., if ap € (QI;L,EQ), where gl;L =

13‘?2_]‘ and @y = —3“12_k.
Proof. See Appendix B.1. ]

The condition pf > pg gives us ap as the upper quality bound of good 2 for profitable
bundling (depicted by the blue dashed line in Figure 4). Considering our boundaries Qg <ay <
ap, we find that bundling is more beneficial for firm D4 than separate selling when the quality
of good 2 is sufficiently high, i.e., larger than legL. This lower bound of the profitable bundling
interval is illustrated by the red dashed line in Figure 4. The profitable bundling interval is
marked by the blue shaded area in Figure 4. However, when Qg <ap < le‘ (green shaded area
in Figure 4), downstream firm D4 prefers to offer its products separately.

Moreover, Proposition 1 implies that within the profitable bundling interval it always holds
that the quality of good 2 exceeds the quality of good 1 (a> > a;).® This leads to the following

insight:

"Note that this assumption is not crucial for the existence of a bundling equilibrium in our framework.

8In Figure 4, the area below the black solid line marks where good 1 is of higher quality compared to good
2 (a1 > ay); the area above the black solid line marks where good 2 is of higher quality compared to good 1
(a; < az). The regions above a; and below gg are excluded due to our already mentioned assumptions.
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aj

ai

Figure 4: Separate selling vs. bundling (with k = 0)

Corollary 1. The quality of good 2 must be larger than the quality of good 1 for downstream

firm Dy to prefer bundling over separate selling.

Notice that ap > ap is a necessary but not sufficient condition for D4 to prefer bundling,
since Dy4’s separate selling profit exceeds its bundling profit in the region c_zg <apy < c_tlsz, in
which a; > aj can hold too (compare Figure 4). However, the reverse holds true as a; < aj
implies that D4’s separate selling profit certainly exceeds its bundling profit so that nIS)A > ng{;.

The intuition behind Proposition 1 and Corollary 1 is as follows. In separate selling,
pa) S
changes in the quality of good 2 do not affect D4’s profit ( ;;ZA = O). That is because of

two reasons: for one thing, the downstream price of good 2 is equal to its input price due to
the intense price competition between the downstream firms in this market. For another thing,

the standalone goods are independent in demand. Contrary to that, a higher quality of good 1
ons
positively affects D4’s separate selling profit < :aDlA > 0) . That is because firm D4 charges the

monopoly price of good 1 under separate selling and a higher customer’s valuation for good 1
— thus a higher a; — allows firm Dy4 to set an even higher monopoly price (3—2? > O).

Now consider the bundling setting. The differentiation of goods in the duopoly and the sub-
sequent reduction in the degree of downstream competition clearly raises firm Dy4’s incentives
to bundle, as already indicated above. In addition, downstream firm Dy is able to extend the
monopoly power it has in the market for good 1 to the second product market by bundling: It
charges a higher price for bundle A than the sum of input prices and the sum of the prices it

charges for the standalone goods under separate selling. Aside from those rather general impli-
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cations of bundling on the firms’ pricing behavior, we find the following when focusing on the

impact of the goods’ quality levels: An increase in the quality of good 2 makes firm Dy charge
BL

an even higher price for bundle A (%”7'2 > 0> . It follows from the softened competition under

bundling that this quality increase of good 2 and the consequential price increase raise Dy’s

. omp,
bundling profit | -4 >0 |.

2

To sum up, a lower quality of good 1 makes the separate selling strategy less attractive
for downstream firm Dy, while a higher quality of good 2 makes the bundling strategy more
attractive for D4. As a consequence, when the quality of good 2 is sufficiently large such that
it exceeds the quality of good 1, D4’s bundling profit exceeds its separate selling profit and
therefore D4 prefers to bundle.

We study next how the input prices c¢; and ¢, are affected by downstream firm D4’s selling
strategy to identify the influence of the upstream firms’ price setting behavior on D4’s bundling
incentives. We find that the upstream firms’ price setting reactions to firm Dy4’s bundling strat-

egy weaken the attractiveness of bundling:
Proposition 2. When firm Dy bundles, then both upstream firms raise their input prices.

Proof. See Appendix B.2. ]

The intuition behind the increase of input prices is as follows. Both upstream firms want to
benefit from Dy4’s bundling strategy. The two standalone goods become complementary inputs
due to bundling, which increases the need for both goods. Furthermore, since bundle A consists
of the goods of both upstream firms, an increase in the input price of good 1 only partially
impacts U;’s sales. By contrast, a raise in the input price of good 2 lowers the quantities of both
bundles. However, in separate selling, a raise of the input price of good 2 has a rather strong
negative effect on the downstream demand (and consequently the input demand) for good 2
due to good 2 being priced at its input price in the downstream market. Under bundling, this
negative effect of a raised input price of good 2 on good 2’s sales is weakened since the bundle
prices are set above input prices. Ultimately, these effects induce both upstream firms to always
raise their prices under bundling.

We can conclude that bundling aggravates the double marginalization problem for down-
stream firm D4 and creates double marginalization for downstream firm Dp. First, in the sep-
arate selling market, there is only double marginalization in the supply chain of the bilateral
monopoly regarding good 1 (as pg = cg in the second product market), whereas in the bundling
market double marginalization emerges with respect to both bundles. In addition, the sum of
the two input prices with bundling is greater than without bundling, which directly affects Dy
as it sets a bundling price above the sum of the input prices. Finally, the problem of dou-
ble marginalization is worsened for D4 and for the whole channel. This effect might lead to
a bundle price higher than optimal for D4 and consequently to too little bundle sales. Thus,
the upstream firms’ price setting reaction to bundling weakens the incentives for downstream

bundling.
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Nevertheless, we observe that despite an increase in both input prices and consequently a
relatively heavy double marginalization problem, it might be more profitable for firm Dy to
bundle than to sell the goods separately, depending on the product qualities. This means that
the positive impacts of bundling on Dy4’s profit, such as a lower degree of competition and
the extension of market power, outweigh the negative influences — as an exacerbated double
marginalization problem — given the right constellation of qualities. We discuss the impact of
double marginalization on bundling in more detail in Section 3 where we abstract from vertical

externalities.

2.4.2 Consequences of Profitable Bundling

In this section, we investigate the effects of bundling in equilibrium, which implies that bundling
is profitable for D4. We refer to D4’s equilibrium bundling strategy in this section as profitable
bundling and bundling synonymously.

Overall, the downstream industry benefits from the bundling decision of the two-product
downstream firm D4. Not only the profit of Dy but also the profit of downstream firm Dg
increases by bundling. Whereas Dp gains a profit of zero in separate selling, in the bundling
equilibrium it gains a positive profit due to the bundles being differentiated. The differentiation,
the softened competition, and the increased input price of good 2 result in higher downstream
prices set by Dp and D4, which yields a decrease in the downstream quantity of each down-
stream firm regarding good 2. Therefore, the total quantity of good 2 falls. In contrast to that,
firm D4’s quantity and thus the total quantity of good 1 rises due to bundling. This can be
explained by the fact that good 1 is in the bundle tied with a product of higher quality and more
intense competition. Consequently, not only consumers with a high reservation price for the
standalone good 1 but also consumers with a relatively high valuation for good 2 are willing to
buy the bundle despite the increase in downstream prices.

As one unit of input represents one unit of output, we can directly derive the impact of
bundling on the upstream quantities from the impact of bundling on the downstream quantities.
The divergence in the influence of bundling on the upstream quantities leads to a consequential

divergence in the effect of bundling on the upstream firms’ profits as stated by

Proposition 3. Profitable bundling leads to an increase in upstream firm Uy’s profit and a

decrease in upstream firm U, ’s profit.
Proof. See Appendix B.3. ]

Upstream firm U sells a higher quantity of good 1 at a higher price and hence its profit
rises due to bundling. By contrast, Us’s profit is reduced by bundling even though it raises its
price for good 2 as well. The softening in downstream competition and subsequent aggravation
of the double marginalization problem caused by the increase in input prices results in too low

sales for U, and, consequentially, bundling lowers U,’s profit. This illustrates that raising its
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price is rather detrimental for U,. However, note that despite the increase in U;’s quantity and
profit, U;’s sales and profit with profitable bundling are lower than the quantity and profit of
upstream firm Uy, i.e., 75~ < mij- and QFF < Q5F.

We now turn to the welfare analysis of bundling. The producer surplus PS is defined as the
sum of profits of two upstream and two downstream firms. Total welfare W is described by
the sum of the consumer surplus CS and the producer surplus PS. Lemma 2 summarizes the
welfare results for the decentralized channel.

Lemma 2. The welfare results for bundling and separate selling are as follows:

Tk>—8ark—6a; k+4a%+3a>
Producer Surplus PSS = L
pSBL — 72202k*—82700a2k—61704a, k+38635a3+5430a; ar+28137a?
- 170569
5k2—8ark—2a k+4a3+a?
Consumer Surplus CSS = T
18002k2—24730a2k—11274a; k+10625a2+3480a; ar+38974%
CSBL _ 2 1
= 170569
. s 19K2—24ark—14a1k+12a3+7a2
Social welfare W» = >
3(30068k2—35810ask—24326a k+16420a2+2970a; ar+106784%
WBL _ 2 1
= 170569
Proof. See Appendix A.1 and A.2. O]

By comparing the welfare results in Lemma 2, we find downstream bundling to be welfare

harming in the decentralized channel as stated by

Proposition 4. Profitable bundling results in a decrease in consumer surplus, a decrease in

producer surplus, and a decrease in total welfare.
Proof. See Appendix B.4. [

This overall reduction of social welfare induced by bundling has been observed in other
parts of the existing bundling literature with a comparable set-up as well (see e.g., Martin,
1999). The intuition for the decrease in consumer surplus is straightforward. Both downstream
firms raise their prices, and this causes the consumer surplus to fall. The reduction in producer
surplus is, however, somewhat surprising. The respective profits of both downstream firms as
well as the profit of upstream firm U are raised by bundling. Yet, the overall industry profit
falls. Consequently, the decrease in upstream firm U,’s profit outweighs the total increase in
profits of the three residual firms. As a consequence, total welfare always decreases when the
two-product downstream firm D, bundles in equilibrium.

In the next section, we investigate a centralized channel which we compare with the decen-
tralized channel. The centralized channel case provides additional insights about the interplay

of downstream bundling and the distribution of market power in the channel.
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3 Centralized channel

3.1 Basics of the model

In the centralized channel (this case is denoted by a 7ilde), the regarded market has the same
structure as the decentralized market, but the full market power lies with the downstream in-
dustry, resulting in the upstream firms being price-takers.

The centralized channel allows us to investigate the bundling incentives, the impact of the
products’ quality levels on the market outcomes, and the welfare effects of bundling without
double marginalization. Thus, it allows us to exclude double marginalization as a factor influ-
encing the bundling incentives.

Note that except for the distribution of market power in the channel, all assumptions remain
the same as in the decentralized case. The downstream firms’ optimization problems are analo-
gous to the respective ones in the decentralized channel. The timing is now as follows: A t first,
firm D4 decides on bundling, then both downstream firms decide on the input prices and finally
set the downstream prices. Our approach for studying this centralized channel is the same as in
the decentralized channel.

As the two downstream firms have full market power, they set the input prices equal to the
upstream firms’ marginal costs of production for both goods to keep their input costs as low as
possible. Therefore, we have in equilibrium E’i = Eé = k, where i € {S,BL}. Consequently, the
equilibrium price of good 1 under separate selling is given by ﬁf = a‘TJrk and the equilibrium
price of good 2 by ﬁg = k. Again, as a precondition for a bundling equilibrium must hold that
ﬁf > ﬁg, which is always satisfied due to the assumption @; > k. Note that we have EgL > 0 for

a > al;k =:a, and pAL > 0 for dp > a‘?k, where a, > al;za‘. Therefore, we assume d; > k

and d, > a,, where a, > k, for the centralized channel which ensures non-negativity for all

market entities. An overview of all market results can be found in Appendix A.3.

3.2 Analysis
3.2.1 Downstream bundling incentives

Comparing firm D4’s profit under bundling and separate selling generates Proposition 5, which

is graphically illustrated by Figure 5.

Proposition 5. In the centralized channel, downstream firm Dy always prefers bundling over

separate selling.
Proof. See Appendix B.5. U

Consequently, if the downstream firms have the full market power in the channel, bundling

is always profitable for D4. Proposition 5 also implies that in the centralized channel case it

Note that there is only a blue shaded area in Figure 5 as bundling is always profitable.
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Figure 5: Centralized channel: separate selling vs. bundling (with k = 0)

is not a necessary condition that good 2 is of higher quality than good 1 for bundling to be
profitable (compare Figure 5), which is in contrast to the decentralized channel. Addition-
ally, bundling is profitable at a lower quality level of good 2 than in the decentralized channel
because of a, < ggL, where ggL is the lower bound of the profitable bundling interval in the de-
centralized channel. This lower bound is greater than the lower bound for profitable bundling
in the centralized channel. Analogous to the decentralized channel, a higher quality of good 2
means a higher bundling profit for D4 since it allows for a higher bundle price but has no effect
on Dy’s separate selling profit, whereas a higher quality of good 1 raises D4’s separate selling
profit. Nevertheless, even when d; > d,, bundling is more profitable for D4 than pricing the
goods independently. We conclude from our findings that D4’s bundling incentives are stronger
in the centralized than in the decentralized channel.

The intuition behind this result is as follows. In the centralized channel, there is no double
marginalization for either one of the downstream firms and thus no aggravation of the double
marginalization problem by bundling. Therefore, the effects of a softened competition and the
extension of D4’s monopoly power, which we observe in either channel, have such a strong
positive impact on D4’s bundling profit that bundling is always profitable here.

In the decentralized channel, we identified the perspective of gaining a share of D4’s ad-
ditional bundling profit as one main factor driving the upstream firms’ desire to increase their
prices. However, the horizontal externalities between the upstream firms also play a pivotal
role, which is in line with Bhargava (2012) and Heinzel (2019). To illustrate this insight,
consider the following change in the decentralized model: In order to rule out horizontal ex-

ternalities upstream, we investigate the case where the powerful upstream firms merge to a
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multi-product upstream monopoly, in which we again assume pf > pg.w Consequently, we
have one powerful upstream firm U producing both goods and selling good 1 only to firm Dy
and good 2 to both downstream firms. Upstream firm U sets its input prices in the bundling case
exactly as in the separate selling case, i.e., c’i = ‘”THC and cé = “ZTH‘ Hence, the input prices in
the multi-product upstream monopoly are independent of the two-product downstream firm’s
selling strategy choice. This is because the multi-product upstream monopolist internalizes
the demand externalities between the two goods, which represent complementary inputs under
bundling. Considering the bundling incentives in the multi-product upstream monopoly, we
find that downstream firm D, always prefers bundling over separate selling regardless of the
quality relations of the goods, such as in the centralized channel. Even though there is a double
marginalization problem regarding good 1 for Dy, it is not aggravated by bundling. Double
marginalization in the market for good 2 is again created by bundling, but only to D4’s benefit
as it can set higher prices under bundling but has to bear the same costs as with separate selling.

In conclusion, aside from the structure of the decentralized channel with powerful upstream
firms, we identify also given retail competition the horizontal externalities between the inde-
pendently operating upstream firms as pivotal factor for the worsened double marginalization

problem.

3.2.2 Consequences of profitable bundling

We now analyze the equilibrium effects of profitable bundling. As it turns out, bundling is
always profitable so we use the terms bundling and profitable bundling again as synonyms
in this section. As in the decentralized channel, the softened competition in the downstream
duopoly due to bundling leads to an increase in downstream prices. In particular, the price of
bundle A is higher than the added prices of the standalone goods and the price of bundle B
is higher than the input price of good 2, which is also its downstream price in separate sell-
ing. Therefore, even without double marginalization, and hence without an aggravation of the
double marginalization problem, bundling results in higher final market prices. Consequently,
bundling again results in a positive profit for firm Dp, in comparison to the zero profit under
separate selling.

Moreover, bundling may either reduce both downstream firms’ output levels in the market
for good 2 or raise the output of one firm but lower the competitor’s output. Hence, D4 might
help its competitor to strengthen its relative market position by bundling. Nevertheless, firm Dy
would prefer to bundle due to the consequential raise in its own profit. Furthermore, the total
quantity of good 2 is always lowered due to profitable bundling, whereas the total quantity of
good 1 is raised. The former clearly follows from the softening in competition in the duopoly
and the latter from good 1 being sold together in a bundle with good 2, as in the decentralized

channel. Notably, the quantity of good 1 increases even when good 2 has a lower quality level

10Exact values for the multi-product upstream monopoly case can be found in Appendix A 4.
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than good 1.

Turning to the welfare analysis of bundling, we find the following:

Proposition 6. In the centralized channel, profitable bundling results in a decrease in consumer
surplus, an increase in producer surplus, an increase in total welfare when d, € (c_iz, W),

and a decrease in total welfare when a, > W.

Proof. See Appendix B.6. U

As in the decentralized channel, bundling reduces the consumer surplus because it increases
the prices of the final goods. Nevertheless, the consumers partly benefit from the centralized
market structure since they pay lower prices for the bundles than in the decentralized chan-
nel, due to the lack of double marginalization.!! Tn contrast to the decentralized channel, the
producer surplus increases since both downstream firms’ profits rise due to bundling, whereas
both upstream firms earn zero profits independent of D4’s selling strategy. This raise in pro-

ducer surplus is larger than the loss in consumer surplus if d; € (Qz, 19‘7110_ ok ) Consequently,

bundling raises social welfare for a sufficiently low quality of good 2. By contrast, when the

quality of good 2 is sufficiently large, i.e., d, > 195’110_ 2k then the loss in consumer surplus is

greater than the raise in producer surplus and bundling reduces social welfare like in the de-
centralized channel. Ambiguous results for the effects of bundling on social welfare are also
observed by in other models, e.g., in Carbajo et al. (1990), the final effect of social welfare
depends on the average costs of production.

The intuition behind our observations is as follows. An increase in d, raises consumer sur-
oCs® acs™t
Ja, ° da,
tomers’ reservation prices and therefore higher equilibrium quantities. This increase is greater

- - aCs®  aCs™"
under separate selling than under bundling (a—dz > %5

level of good 2 leads to even further diverging consumer surpluses under bundling and separate

plus under bundling and under separate selling ( > O) because of the increased cus-

). Thus, an increase in the quality

selling. The reason for this is that changes in the quality level of good 2 have no effect on the

downstream prices under separate selling but a higher d, induces even higher bundles prices
o apf)
ddr * day
As a consequence, for a sufficiently high quality level of good 2, the loss in consumer surplus is

> 0) . This has an additional negative impact on consumer surplus under bundling.

so high, that it cannot be outweighed by the gain in producer surplus and welfare consequently

falls. Notice that the gain in producer surplus is even larger with a high d, under bundling

5oBL
since a raise in dj fosters producer surplus under bundling (aggz > O> , but does not affect the

58
producer surplus under separate selling (aa% = O).

"The price of bundle A (bundle B) is smaller in the centralized channel than its counterpart in the decentralized

model for a; > 767“5; 1% (ay > 722“71;97") which is always satisfied because k > 767“5; fo4k 722“7‘;97".
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4 Discussion

4.1 Non-negativity constraints

In the decentralized channel, we restrict our analysis to values of a; > % to guarantee

that bL > 0 and pBL > 0.2 We now relax this restriction and analyze what happens when
ar < %. When a; < % and firm D4 bundles, then it would be optimal for Dp to
set ng =0 and bgL = 0 in order to guarantee zero profits and prevent losses. Anticipating
Dp’s behavior, D4 could strategically threaten Dp to bundle to practically drive Dp out of the
market. Nevertheless, this is only a credible threat by D, if bundling leads to a higher profit
for D4. However, when Dp leaves the market due to D4’s decision to bundle, then bundling
does not necessarily generate a greater profit for D4 than selling the products separately while
Dg is staying in the market. Only if a; < 1.32k and a; € (0, W), is Dy better off
with bundling. The main reason for this rather surprising result is the upstream firms’ pricing
behavior. In the region where bundling is profitable, the sum of upstream prices is decreased
by bundling due to the rather low customer’s valuation of the goods. However, the sum of
upstream prices may be increased by bundling which can then make bundling unprofitable

despite the elimination of a competitor.

4.2 Strict additivity relaxed

In our main analysis we assume that the bundle is of the same total quality as the sum of qual-
ities of the standalone goods. We now relax this assumption and investigate whether changing
the additivity relationship of the goods in the bundle impacts the bundling incentives of the
two-product downstream firm.

In order to do that, we follow an approach by Venkatesh and Kamakura (2003) and consider
a factor for the goods’ degree of contingency. Thereby, we model whether the customers value
the goods differently when they are sold in a bundle compared to how they value the sum of the
two standalone goods. The costumer’s valuation for bundle A is assumed to be constant and is

denoted by aj>.!?> We introduce for the contingency between good 1 and good 2 in bundle A
aip—(ai+az)
aj|+ar
to the sum of the standalone goods’ valuations (superadditivity), implying complementarity

the parameter € := When € > 0, bundling adds value to the bundle compared
between the product pair. When € < 0, the customer’s valuation for the bundle is smaller
than the valuation for the sum of the standalone goods (subadditivity), which implies that the
goods in the bundle have a substitute relationship. When € is zero, the goods’ valuations are
strictly additive (strict additivity), thus being independently valued, as in the main scenario.

Solving the contingency parameter € for the costumer’s valuation for bundle A leaves us with

12Exact values for the non-negativity case can be found in Appendix A.5.
3Note that bundle B consists only of good 2, which is why bundle B’s quality level is denoted by a» independent
of any value additivity assumption.
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ayp = (14 €)(ay 4+ ay). Inserting ay, for the quality of bundle A in the utility W from bundling
of the main decentralized case, thus Equation (2.3), yields a utility O that describes the utility
of the representative customer under bundling as follows:

1
O(m,bp,bg) =m+ (14 €)(a; +ar)bs + abp — 5 (2b3 +2babp +b3) .

We solve this case analogously to the main decentralized channel case for bundling.!* No-
tice that we consider a change in the valuation for the bundled goods, not for the standalone
goods. This is why the separate selling equilibrium results for this case are the same as in the
main decentralized channel.

We use a numeric example to simplify our analysis. We calculate our results for three cases,
varying the quality relationship between the standalone goods. In particular, we analyze Case a)
with a; = ay = 6, so where both goods are of the same quality, Case b) with 7 = a; > a, = 6,
where good 1 is of higher quality then good 2, and Case ¢) with 6 = a; < ap = 7, in which
good 2 is of higher quality then good 1. Suppose that the marginal cost of production is constant
at k = 2 for all three cases. Note that those values fulfill our separate selling condition p‘f > pg
for all three cases. In order to ensure non-negativity for the equilibrium entities (for b4, bp > 0)
we impose for Case a) € € (—0.3908,0.2685) , for Case b) € € (—0.4377,0.1709), and for
Case ¢) € € (—0.3740,0.3868) . The assumption aj,a, > k ensures non-negativity for the
residual equilibrium values.

We determine the profitable bundling intervals (which implies Azp, = gA — thf < 0) for
the respective cases as in the previous chapters. Figure 6 depicts the bundling incentive of the
two-product downstream firm D4 within the non-negativity range for each case. The red dotted

area marks the profitable bundling interval for the respective case.

— Amtps — Ampy — Amps

-03  -02 0.1 I 0.2 —0.4 —0.3 —0.2 —0.1 0 1 -03 —02 -0.1 0 0.1 0.2 03

(@a =a,=6 b)7=a;>a,=6 ©b=a<ay=7

Figure 6: Bundling incentive of D4 with contingency parameter € (k = 2)

We observe that in Case a) bundling is profitable for € € (0.0048,0.2685) and in Case b)
bundling is profitable for € € (0.0188,0.1709). Consequently, for both cases, bundling is only
profitable for a positive contingency parameter so that € > 0. This implies that when the goods
have equal qualities (as in Case a) and when good 1 is of higher quality than good 2 (as in
Case b), bundling is only profitable when bundle A is valued in a superadditive way by the

4Exact values for this case can be found in Appendix A.6.
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customer.

Case c) reflects the quality relationship a; < ap between the standalone goods, which we
identify in the previous chapter to be necessary for bundling to be profitable in equilibrium.
Considering our numeric example, bundling is in Case c) profitable for € € (—0.0088,0.3868).
Therefore, we observe that bundling is profitable for a negative and a positive contingency
parameter as well as a contingency parameter equal zero. This implies that when good 2 is of
higher quality than good 1, bundling can be profitable irrespective of whether the customer’s
valuation of the bundle is subadditive, strictly additive or superadditive.

We can draw several insights from this analysis: For one thing, bundling is for a; < a; not
only profitable when the customer’s valuations of the goods are strictly additive — as assumed
in the main decentralized model — but also when the goods are valued as subadditive or su-
peradditive. For another, when comparing the bundling incentives between the three cases, we
can conclude that the bundling incentives in Case c), when a; < ay, are higher than in Case a)
or b). This is reflected in the fact that the profitability of bundling in the latter two cases only
holds for a superadditive relationship between the goods, whereas in Case c¢), bundling can also
be profitable for a subadditive and a strictly additive relationship between the goods. Last, this
numeric analysis shows that when the goods in the bundle indeed have a superadditive rela-
tionship, thus € > 0, then their quality relation is not crucial for the existence of a profitable

bundling interval in general.

5 Conclusion

In this paper, we study the influence of heterogeneous product qualities on a downstream firm’s
bundling decision in a supply chain. We consider the downstream market to be of a common
leverage theory market structure and the upstream producers to be powerful monopolists. In
the downstream market, there is a two-product firm that is a monopolist in one product market
but competes in prices with another firm in the second market. We analyze the incentives of
the two-product downstream firm to choose pure bundling as a selling strategy. Additionally,
we investigate the impact of profitable bundling on the market outcomes, especially on welfare
outcomes. Furthermore, we analyze the role of product qualities as well as the distribution
of market power in the channel regarding the effects of bundling. We consider a centralized
channel where the downstream firms have the full market power as reference case.

We find that bundling is profitable for the two-product downstream firm only when the
quality of the product sold in the downstream duopoly (good 2) is sufficiently high such that
it also exceeds the quality of the product sold exclusively by the two-product downstream firm
(good 1). This is because the two-product downstream firm especially benefits from the positive
effects of bundling on its profit in form of a reduction in the intensity of downstream compe-
tition and extension of its monopoly power if good 2 is of high quality. The reason for this

is that a high quality implies that customers have a high valuation and thus a high willingness
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to pay for good 2, which allows for high bundle prices. Then, bundling is profitable for the
two-product downstream firm despite an aggravation of the problem of double marginalization
as a consequence thereof. Whereas we find these results under the assumption of strict value
additivity of the bundled goods, we confirm by means of a numeric example that for the identi-
fied quality relation bundling is also profitable when the bundled products have a superadditive
value (complementary) or subadditive value (substitutable) relationship. Interestingly, we ad-
ditionally demonstrate that given superadditivity among the traded goods, bundling may also
be profitable for the downstream firm when the quality of good 2 is equal or lower than the
quality of good 1.

In the centralized case, bundling is always profitable for the two-product downstream firm
independent of the quality levels of the goods. The stronger bundling incentives in the central-
ized compared to the decentralized case result from the lack of double marginalization in the
centralized channel. However, when we assume that the powerful upstream firms in the decen-
tralized channel merge, but the downstream market still is of a common leverage market set-up,
bundling is again always profitable for the two-product firm. This result illustrates that it is the
combination of vertical externalities and horizontal externalities upstream that lowers the in-
centives for downstream bundling in the decentralized channel, which is in line with Bhargava
(2012) and Heinzel (2019). Consequently, it shows that Bhargava’s result that bundling aggra-
vates the double marginalization problem in a channel also holds when the downstream market
of the channel is of oligopolistic nature in one product market. It further shows that Heinzel’s
result that under price competition the positive effect of bundling in the form of a reduction
in the intensity of competition can outweigh the negative effect of bundling in the form of an
aggravated double marginalization problem holds when assuming that the traded goods are of
different qualities.

Regarding social welfare, we find that in the decentralized channel bundling reduces con-
sumer and producer surplus in the equilibrium. The consumer surplus is decreased because
bundling induces both downstream firms to raise their prices. Interestingly, only the upstream
firm selling to both downstream firms suffers from bundling due to the softening in downstream
competition. This loss, however, is greater than the total gain of the other firms due to bundling,
which results in an overall decrease in producer surplus. By contrast, bundling increases the
producer surplus in the centralized channel because both downstream firms’ profits increase
and the upstream firms as price-takers gain zero profits. The consumer surplus decreases in the
centralized channel due to the increased prices in bundling, where a high quality of good 2 ex-
acerbates this negative impact due to even higher downstream prices. Finally, bundling raises
(reduces) social welfare in the centralized channel when the quality level of good 2 is suffi-
ciently low (high).

To sum up, we find that separate selling may be the superior selling strategy in comparison
to bundling for a downstream firm. More specifically, in our model a two-product downstream

firm in a leverage theory set-up may prefer separate selling over bundling. This result is in
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contrast to some parts of the previous literature on the leverage theory and can be explained by
the channel structure and the consideration of powerful upstream firms. In addition, we identify
the quality levels of the traded goods as a deciding factor regarding the profitability of bundling
in a decentralized channel with downstream competition. The welfare effects of downstream
bundling are ambiguous and are affected by the product qualities and the distribution of market
power in the channel.

We derive the following managerial and economic implications from our results. Our find-
ings suggest that downstream firms should always take the qualities of the traded products into
account when deciding on bundling. We illustrate that in some cases unbundling could raise a
downstream firm’s profits when it procures goods from powerful producers. Additionally, we
highlight that downstream bundling should not be free of antitrust concerns as it may have a
negative impact on the market efficiency. Still, depending on the qualities of the goods, down-
stream bundling can also increase welfare when the full market power in a distribution channel
is with the downstream industry.

Our work provides a solid basis on which future research can be connected. One possibility
would be to allow for mixed bundling, meaning the two-product downstream firm sells the
goods bundled as well as separately. While the focus of the work would shift rather to finding
the optimal selling strategy, shedding light on this issue considering our market set-up could
provide further important implications. Additional research might be done regarding issues
related to competition policy, such as potential regulation methods for downstream bundling.
Such extensions would allow for further interesting research at the interface of management

and economics.
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Appendix

A Equilibrium Calculations

A.1 Separate Selling
A.1.1 Equilibrium Conditions

As we have standard Bertrand competition assumptions in the market for good 2, the equilib-

rium price of good 2 simply equals the input price of good 2. Moreover, 7rp, is strictly concave

anDA
Bp%

charges is determined by the first-order condition (FOC)

in pp since = —2 < 0. The equilibrium monopoly downstream price of good 1 that Dy

87rDA

p —a1—2p1+e; =0, (A.1)
P1

Solving for p; gives us the monopoly price.

In the upstream market, the profit of U; and U, is strictly concave in ¢ and c;, respectively,
d27'CU2
d

- = —2 < 0. The FOCs regarding the optimal input prices for
2

. d*m
since dc2U L =—-1<0and
1

both upstream firms are given as

dﬂ,’U1 _ap —2c1+k 1

_ L A2
dey > , (A2)
M, _ ek to. (A3)
dco

Solving for ¢ and ¢y, respectively, gives us the equilibrium input prices cf and cg under

separate selling.

A.1.2 Welfare

The producer surplus is the sum of all firms’ profits such that

PS® =, +mp, + My, + 7y, (A4)
_ Tk* — 8azk — 6ark +4a3 + 3a3
- 16 '

The consumer surplus for the respective good is given by

(a1 —k)?
32

ay—p
CsS = 12 Lot = (A.5)

a—p2
2

(a2 —k)z.

CS5 = :

05 = (A.6)
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Thus, total consumer surplus is

S’ =csi+Cs5
5k? — 8agk —2a1k +4a3 + a2

= . A7
n (A.7)
Finally, total welfare is
WS = PSS 4-CsS
_ 19K —24ark — 14a1k + 12a%+7a%. A8)
32
A.2 Bundling
A.2.1 Equilibrium Conditions
2 2
Under bundling, we have 887;12)/4 = —-2<0and 8(9;’33 = —4 < 0 in the downstream market.
A B

The downstream firms’ FOCs with respect to the optimal downstream prices for bundle A,

respectively, bundle B are

on,
DA — gy +e1+cot ps—2pa =0, (A.9)
dpa
orn
D8 — 4y —ay +2¢2 — 4pg + pat = 0. (A.10)
Ips

From the FOCs we can derive the downstream firms’ reaction functions with respect to their

equilibrium prices as

ay+cy+cr+

palpy) = =22, (A1)
a—aj+2c+

pe(pa) = — PA. (A.12)

The intersection of the two reaction functions generates the equilibrium prices of the two
bundles.

9? 92
p_ M2 — 10 £ 0. The FOCs that
1 2

determine the profit-maximizing input prices for the upstream firms are

In the upstream market, we have L — —% < 0 and

dmy, :3611—’1-612—601—02-{—3](;0, (A.13)
8c1 7

87rU2 o air +5ay —cy — 10cy + 5k LO

8c2 7

Solving the FOCs for ¢ and c;, respectively, generates the upstream firms’ reaction func-

(A.14)
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tions regarding their optimal prices. We get

3 eyt 3k
ci(ca) = “1“‘26 2tk (A.15)

Say+a;+5k—c
er(cr) = 22 110 L (A.16)

The intersection of the two reaction functions generates the equilibrium input prices c?L

and 5T

A.2.2 Welfare

The producer surplus under bundling is described by

psBL — nDA + nDB + 7rUl + 7'L'U2
_ 72202k* — 82700a2k — 61704a,k + 3863543 + 5430a ay + 2813747

A.17
170569 ( )
The consumer surplus for bundle A and bundle B, respectively, is given by
+ay—pa 3(—5ay —29a; + 34k)(—51a; — 80ay + 131k)
csil =4 by = A18
2 A 170569 ’ (A18)
BL 42— DB 5(36a; — 65ay +29k)(—3a; —29a; + 32k)
= bg = . A.19
cs 2 P 170569 (A.19)
Hence, final consumer surplus is
csPt = csit+Cspt
18002k — 24730axk — 11274a1k + 1062543 4 3480a1a, + 389743 (A20)
B 170569 ' '
Consequently, total welfare in the bundling market amounts to
WBL — psBL 4 csBL
_ 3(30068k* — 35810a2k — 24326a;1k + 1642043 + 2970a;as + 1067847 (A2D)
B 170569 ‘ '
A.2.3 Comparisons for the Decentralized Channel
 We have Apy = p} + p5 — piL = % < 0 for ap > % which is clearly

fulfilled because of a, > k > M Consequently, the price of bundle A is larger than

the sum of the prices of the standalone goods.
« We get Agar = g, — il = W > 0if ap > 285 This condition is always

satisfied under profitable bundling since a2 > W That is, D4’s quantity of good 2
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decreases due to bundling in the equilibrium.

288a; —181k

. 288a;—107a,— 181k . b
* We obtain Agpy = qu — pBL — =84 ] 65‘212 > 0if ap < =57, which is always
met in the profitable bundling interval since ap < w. Consequently, profitable

bundling reduces firm Dp’s supplied quantity.

* We have AQ| = Qf — bﬁL = % < 0 when a; > QgL, which is obviously satis-
fied under profitable bundling. In conclusion, downstream firm D4’s quantity of good 1

is raised by profitable bundling.

« It holds that AQBL = QBL — @BL — 266-03139%) () for ¢y > &S, which is fulfilled
by assumption. Therefore, the quantity of good 2 is always larger than the quantity of
good 1 under bundling.

. 2(—6a1k+10ark+3a3 —5a3—2k> . .
* We obtain AﬂgL = ﬂglL ﬂgzL (=6ark+10a; 5; @54 2K) Note that AﬂgL is quadratic

2
i 3 2 < 0. Thus, we have AT5E < 0 for a; < _m”1+5(\/ﬁ+5)k

and strictly concave in a; as

V15a,—(V15-5)k

and for a, > — . However, we have Qz . Consequently,

> V15a, *%\E*S)k

given profitable bundling, the profit of U is larger than the profit of U; in any case.

A.3 Centralized Channel

The full market power is with the downstream firms in the centralized case. The optimization
problems of the downstream firms are analogous to the ones in the decentralized channel (Ap-
pendix A.1). The same holds for the welfare calculations. Hence, we simply set c1 = C?L =k
and c2 cBL k and substitute the input prices into the market entities of the decentralized

channel. Tables 1 and 2 provide an overview of the respective results in the centralized case.
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Separate Selling Bundling
Profit Downstream Firms frlS)A _ (@ Zk)z ﬁ-gAL _ (3071+fé*4k)2
ﬁ;gB —0 ﬁgﬁ — Z(dl—igz+k)2
Profit Upstream Firms 7%5] = ﬁglL -0
7, =0 FEL =0
Input Prices 5~f —k 511% —k
&=k Bl =k
Prices ﬁf - 512+k pL = 3dl+a72+10k
7=k pBL = *51+%52+6k
Quantities 03 = dl;k OBL — 351+§274k
Qg = —k Q129L _ d1+5§2—6k
Downstream Quantities qfn = dlz_k BBL = 3d1+§2—4k
i, = 2t
q~IS32 _ 0722*/( BgL _ 2(—&1+72527k)

~ S i —k 2
Producer Surplus PSS’ = (“14 )
soBL  18K>—164,k—20d k+9a5—2d,dr+1147
Ps™ = 49
~ 2 QA 1L_N5 2 <2
Consumer Surplus Cs® — K —8ak 28“1k+4"2+“1
CsBE — 26k> —34dpk— 18, k+13a3+8dd,+5a
— 49
Welfare WS — 7k2—8a"zk—6(§1k+4a§+3a%
WBL — 4412 —50a,k—38d1k+22a3+64,d,+1643
o 49

Table 2: Centralized Channel: Welfare

A.3.1 Comparisons for the Centralized Channel
« We get Adaa = G5, — DL = U0 () for gy < 94K We observe that @, < %~
That is, firm Dy4’s quantity of good 2 may rise due to bundling. Moreover, Agp, = ‘71832 —
BgL = 41=0=3k () holds when dp > 4d) —3k. We have d, < 4d; — 3k. Thus, firm Dp’s

14
quantity of good 2 may increase as well due to bundling. However, as 4d; — 3k > 6515_" ,
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we can rule out a situation where both firms’ quantities of good 2 increase in the bundling
6611

equilibrium. In contrast, when 4d; — 3k > d, > , both firms’ quantities regarding

good 2 would fall.

* We have AQ; = 05 — Q8L = =4t28-k . ( for @, > &,. Clearly, the total quantity of

good 2 is reduced as a consequence of bundling.

« It holds that AQ; = Q0 — OFF = 4384 < () for G, > G@,. Obviously, the supplied

quantity of good 1 increases due to bundhng.

* We have Apa = p} + p5 — pht = U328k () for @, > d,. Hence, the price of bundle A

is larger than the sum of the prices of the standalone goods.

~ ~ S ~
» We obtain A9SS = %5~ — 83;5 >0 when @ > 3451 which is always fulfilled because

i >y > 8a1+15k_

A.3.2 Decentralized versus Centralized Channel

 We have ApYS = piL — pBL = 2(767"1;9173“2“64]() < 0 when a; > %, which is
always satisfied because a; > k > w. We can conclude that the price of bundle A

is lower in the centralized channel than in the decentralized channel.

 We have Ap}S = pBL — pBL = 2(_220121735“#97]{) < 0 when a, > =247k "which is satis-
fied because a; > k > M. Hence, the price of bundle B is lower in the centralized

channel than in the decentralized channel.

* Downstream firm D,’s profit in the decentralized case exceeds its profit in the centralized

case if and only if

~BL

An =Tp, — 7rD .
45292k + (—24788a, — 6579641 ) k + 325643
B 170569
18276a1a; +23760a?
0. A.22
170569 = (A.22)
2
Note that Azj! is quadratic and strictly convex in a; (a (?ZDA =SB 0) . We obtain
a3

AmBL . < 0forap € <7132"317+169k, 745“21;67]‘ ) However, we have ar > k > w and

hence we always get AﬂgAL > (. Thus, firm D4’s bundling profit is always higher in the
centralized case than in the decentralized case.
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A.4 Multi-Product Upstream Monopoly

Consider the case that both products, good 1 and good 2, are produced solely by one indepen-
dent upstream firm, which is called firm U.

A.4.1 Separate Selling

In separate selling, the multi-product upstream monopolist has the following profit function:

Ty (Cl,C2) = (Cl —k) 0 (C1)+(Cz—k) 0> (6‘2). (A.23)

Both produced goods, good 1 and good 2, are independent in demand. Thereby, the profit is
strictly concave in input prices and we derive the same FOCs as in the case with two indepen-
dent upstream producers. Consequently, solving the optimization problem of the multi-product

upstream monopoly firm leads to the same input prices as with separate producers.

A.4.2 Bundling

In case downstream firm D4 bundles its products, multi-product upstream monopoly firm U’s
2 2

Gt =—fand G =

here. The FOCs for the multi-product upstream monopoly firm are given as

profit function is analogous to under separate selling. We have

omy B 3ay+ap +4k—6¢c; —2c¢

Jer 7 =0, (A.24)

Jdny  ay+5a;+ 6k —2c — 10c; Lo
dcy 7 n

Solving the equation system of FOCs above for ¢ and c¢; leads to the optimal input prices,

(A.25)

which are identical to the respective ones of the multi-product upstream monopoly in the sepa-
rate selling case.
The following Tables 3 and 4 provide an overview of the market results after inserting

the optimal input prices for the separate selling case and the bundling case. We have bg > 0

for ar > a‘+k and pp > 0 for ay > “5>=, where “‘;k “1_6k We thus assume a; > k and
ap > “1+k where “1+k > k, which ensures non-negativity for all parameters in the multi-product

upstream monopoly case.
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Separate Selling Bundling
Profit Downstream Firms 7rlS)A = @ ﬁgAL — (3a1+1‘1926*4k)2
3, =0 i R
Profit Upstream Firm U | 73 = 3k2—4a2k—28a1k+2a§+a% bl = 10k2—12a2k—8a112<;5a§+2a,a2+3a%
Input Prices cf = %‘ CII3L _ a1tk
c =tk Bl = artk
Prices Py = 3“?" pBL = 5(11—&—47¢5k
P = azT+k pBL = —a1+19f2+6k
Quantities 0} = GIT—k QBL = w
05 = azT*k QBL — a1+5152276k
Downstream Quantities g3 = “14—*]‘ bBL = _3a1+1622*4k
Tho = :
qu — 024—k bgL _ —a1+72a2—k

Table 3: Multi-Product Upstream Monopoly: Equilibrium Values

2_ _ 2 2
Producer Surplus pss = Tk —8ark 611161/<+4az+3al
psBL — 22k2—25a2k—19a1§;—11a%+3a1 ar+8a3
s Sk*—8ark—2ak+4a3+a?
Consumer Surplus CS° = )
CSBL — 26k —34a,k—18a1k+13a3+8ajar+5a3

196

Welfare wS

_ 19K2—24ark—14a,k+12a3+7a}

WBL

32

_ 114k*—134a2k—94a,k+57a5+20a1a,+37a3

196

Table 4: Multi-Product Upstream Monopoly: Welfare

A.4.3 Bundling Decision

In the multi-product upstream monopoly setting, pf > pg holds when a; <

3a|7k
2

ai

>

; k For that reason, we restrict the quality of good 2 from above by

3a;—k

—. Notice that

-k which

differs from the centralized case. In the multi-product upstream monopoly, downstream firm
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D,’s profit under bundling exceeds its separate selling profit if and only if

_ S BL
Anp, = Ttp, — Tp,

2 k) (—2a, — 13a; + 15k
_ “2+“1+)(784“2 at1sh) (A.26)

. . . . . %A
Notice that Azp, is quadratic and strictly concave in a (# = —9% < O). We get
2

Armp, < 0 for a; < w and for ap > “1; k The latter is given by assumption and thus we

always have Anp, < 0. Therefore, bundling is always profitable for D4 when both goods are

produced by one monopolistic producer, as in the centralized case.

A.5 Non-negativity Constraints

In this case, we relax the non-negativity constraints of the decentralized channel that bgL >0

and ng > 0, which was secured by ap > %. Thus, we analyze the equilibrium values for
a < 36a16—g29k'

A.5.1 Equilibrium Values

Table 5 provides an overview about the market results for the relaxed non-negativity case under
bundling and separate selling. Note that the equilibrium results under separate selling are the
same as in the decentralized case with constraints. The values under bundling arise from a
market setting in which the rival of the two-product downstream firm D4, meaning downstream
firm Dp, may leave the market provided that D4 bundles, which makes D4 the sole downstream

firm on the market.

A.5.2 Bundling Decision

In the case, where we relax the non-negativity restriction, downstream firm Dy4’s profit under

bundling exceeds its separate selling profit if and only if

neg __ S BL
AnDA = Ttp, — Tp,

. —4ajaz — 1001k+802k+7d% —2a%-|—k2 _

a4 0. (A.27)
JPAyE
Note that Aﬂgig i1s quadratic and strictly concave in ap Tf*‘ = —% <0]). We get
2
Aﬂgig <0foray < 76.243aé+8.243k and for a, > 2.243a]£0.243k. Since 2.243a1;0.243k > 36a164g29k

and ap,az,k > 0, profitable bundling is only feasible when a, € (O, W). Further-

more, 0 < ap < =6.243a, +8.243k oy only hold for a; < 1.32k. To summarize, if a; < 1.32k and

a € <0, MB , then Dy is better off with bundling.
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Separate Selling

Bundling

Profit Downstream Firms ﬂgA = @ npL = —(a‘+a72272k)2
7, =0 Tk =0
Profit Upstream Firms Ty, = (algk)2 nh- = —(a1+‘§26_2k)2
nf, = | gt e 20
Input Prices ¢ =tk Bl = atth
Cg _ azg—k CgL — a1+glz+k
Final Prices py =tk piL = at3apt2k
=" g =0
Quantities 0f =k QFL = atg =2k
Qg — a22_k QJZBL — a1+(11§—2k
Downstream Quantities a, =4t pBL = ata=ak
T = :
G = azT% bg-=0

Table 5: Relaxed Non-Negativity Constraints: Equilibrium Values

A.6 Strict Additivity Relaxed

In this case we relax the assumption about the goods having a strictly additive value relation-
ship. In the following analysis, we allow for subadditivity, strict additivity and superadditivity

and analyze which impact those additivity relations have on the bundling incentives of the

two-product downstream firm.

A.6.1 Equilibrium Values

The calculations for the bundling case are conducted analogously to the main decentralized
case. The calculations for separate selling are identical to the ones in the decentralized case

since the additivity assumption only concerns the customer’s valuation of bundle A. Table 6

provides an overview about the equilibrium results for the additivity case.
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Separate Selling Bundling
. s (a1—k)? BL __ 9(29a;+5a;—34k-+29a,e+29ar¢)?
Profit Downstream Firms T, = 16 T, = 70560
s =0 BL — 2(36a; —65a;+29k+36a; £+36a,€)*
Dpg Dp 170569
. s (a—k)? BL __ 3(29a;+5a>—34k+29a, £+29a,¢€)?
Profit Upstream Firms Ty, = Ty, = 51367
s = (ar—k)? BL — 5(3a;+29a;, —32k+3a; e+3az¢€)?
U, — 4 U, — 24367
. S _ aj+k L _ 29a1+5a>+25k+29a;€4+29%ar €
Input Prices ¢ = 45~ Ll = »
CS _ artk CBL _ 3a1+29a>+27k+3a1€+3ar€
27 T2 2 = 59
. . S _ 3aj+k BL __ 31la;+253a,+262k+311a;e+311are
Final Prices Pl="5 PA- = 113
S art+k BL _ —15a;4268ay+160k—15a,1€—15a¢€
Py =" Pp = 413
- S _ a—k BL __ 3(29a;+5a;—34k+29a; €4+29a5€)
Quantities Q=" o7 = i3
QS _ ar—k QBL _ 5(3a1+29a,—32k+3a1e+3a3€)
27 72 2 = 413
o S _ a—k BL __ 3(29a;+5a;—34k+29a,€+29a, €)
Downstream Quantities 9 =" by~ = i3
S _ a—k
da2 = 2
S _ ar—k bBL _ 2(—36a;+65a;—29k—36a1£—36a,¢€)
gy = 77 B = 413

Table 6: Equilibrium Results Additivity: Equilibrium Values

A.6.2 Bundling Decision

We conduct our analysis using a numeric example. In Case a) we suppose the relation a; =
ap = 6, in Case b) we suppose 7 = aj > a» = 6, and in Case c) we suppose 6 =a; < ar =7. We
further assume for all three cases k = 2. Note that those values fulfill the condition p‘f > pg .

* In Case a) downstream firm Dy4’s profit under bundling exceeds its separate selling profit

if and only if
Ang)A = m), — Tp
_ (892 —4176 (¢ +21;)29(411(1)Z6(8+1)—4196) <o (A28)
N a) . - : - (3“”34 _ 2179872 )
ote that Az, is quadratic and strictly concave in € oy Ho5es. < 0 |- We get

Aﬂg)A < 0 for € < —0.7864 and for € > 0.0048. To guarantee bs,bp > 0, we impose

€ € (—0.3908,0.2685). Since —0.3908 > —0.7864 and 0.2685 > 0.0048, we find that
Dy is better of with bundling for € € (0.0047,0.2685).
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* In Case b) downstream firm D4’s profit under bundling exceeds its separate selling profit

if and only if
b
ATCDL = T, — Th
479 — 4524 (e+1)) (4524 (e + 1) — 4609
= ( 23)29(104 — L <o (4.29)
b) . : , , P*Amy, 2558322
Note that A, is quadratic and strictly concave in € T2 = —Th0seo <0 | We get

Angl < 0 for € < —0.8941 and for € > 0.0188. To guarantee by,bp > 0, we impose
€ € (—0.4377,0.1709). Since 0.4377 > —0.8941 and 0.1709 > 0.0188, we find that D4
is better of with bundling for € € (0.0188,0.1709).

* In Case ¢) downstream firm Dy4’s profit under bundling exceeds its separate selling profit
if and only if
S BL
Aﬂg)A = Ty — Ty
(1180 —4524 (¢ +1)) (4524 (e +1) —4484)

= 5779104 <0. (A.30)

hat A" i : il - AT, 9558320
Note that Ay s quadratic and strictly concave in € T2 = —Tioseo <0 |. We get

Ang)A < 0 for € < —0.7392 and for € > —0.0088. To guarantee bs,bp > 0, we impose
€ € (—0.3740,0.3868). Since —0.3740 > —0.7392 and 0.3868 > —0.0088 > —0.3740,
we find that Dy is better of with bundling for € € (—0.0088,0.3868).

B Proofs of Propositions

B.1 Proof of Proposition 1

Downstream firm D4 ’s bundling profit exceeds its separate selling profit if and only if

— S BL
Anp, = tp, — Tp,

5(13a; — 12a; —k)(761a; + 60a, — 821k)

= < 0. B.1
2729104 (B.1)
Notice that A7tp, is quadratic and strictl i PAmy 450 o). Th
otice that Amp, is quadratic and strictly concave in a o = T TI0569 <0 ). Thus,
we obtain Azrp, < 0 forap < aé = %&rgzlk orap > a% = % As we assume a,ap > k,

we clearly have a% >k>0,k> aé and a, > a%. Consequently, firm D4 prefers bundling over

separate selling when a, € (ggL,Ez) , where c_zl;L = a% stands for the lower bound and @, for the
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upper bound of the profitable bundling interval. Notice that the upper bound is derived from
the assumption pf > pg. Incase a; € (c_zg,ggL) , where c_zg = %, firm Dy prefers separate

selling over bundling since then bundling leads to a lower profit than separate selling.

B.2 Proof of Proposition 2

We get ¢f < ¢l when ap > “H% where a5 > “2%. Consequently, for any a; € (d5,@),

bundling increases the input price of good 1.
We have cg < ch if ap < 6a; — S5k. Note that a, < 6a; — 5k since we assume aj > k.

Consequently, for any a; € (gg,az), bundling increases the input price of good 2.

B.3 Proof of Proposition 3

The proof of the proposition is as follows:

* Upstream firm U;’s profit increases due to bundling if and only if

Amy, = my, — T
_ 4183a7 — 600a3 — 6960a;a; + 8160axk — 1406k — 3377k
B 194936

<0. (B.2)

. . . . . d*A
Notice that A7y, is quadratic and strictly concave in a; ( aang' = — 2}827 < 0) . We find
2

(59v/42+408)k+(—59v/42—348)a; (59v/42—408)k+(348—59+/42)a;
that Amry, <0 foray < 50 ora; > — 0 .

The lower bound of the profitable bundling interval is greater than the larger root of
5942408 )k+(348—59v/42)a,

ATEU], i.e. c_lgL > —(

60
interval, a; > — (sgm_408)kg(§348_59m)“1 is satisfied in any case and thus we always

. Consequently, in the profitable bundling

have Amy, < 0. Therefore, the profit of upstream firm U; increases due to profitable
bundling.

» Upstream firm U,’s profit is increased by bundling if and only if

— S BL
Amy, = 1y, — 7y,

_ 3887k* — 11614ask + 3840a; k + 7547a3 — 3480a,a, — 18043
- 97468

<0. (B3

. . . .. d’Am
The function Amy, is strictly convex and quadratic in ap (TZUZ = % > 0> . We have
2

(354v/3545807)k+(1740—354/35)a;  (354v/35—5807)k+(—3541/35—1740)a
A?’L’U2 <0 forap € ( 7547 , — 7547 .
. 354v/35—5807 ) k-+ (—354v/35— 1740 .
However, it holds that a5F > — ( ) 75(47 ) . That is, the lower bound

of the profitable bundling interval is greater than the upper bound of the interval of a;, in
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which Amy, < 0. Thus, for any a, in the profitable bundling interval, Amy, > 0 is given.
Therefore, profitable bundling reduces U,’s profit.

B.4 Proof of Proposition 4

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

* The consumer surplus increases as a consequence of bundling if and only if

ACS = CSS — CSBL

_276781k* — 573192a2k + 19630a k + 34227643

5458208
—111360a;a; + 4586543

5458208

(B.4)

Notice that ACS is strictly convex and quadratic in ap (8 aA;S = 68852526796 > 0) with its
2

—k)? 2
vertex regarding ap at V <4640318J§22§883k 615951(;7‘36k) ) It holds that 615951(2%6]{) > 0 and
therefore ACS is always greater zero. This means that bundling reduces the consumer

surplus in any case.

* The producer surplus rises due to bundling if and only if

APS = PSS — pSBL

3(12917k* — 13784ask — 120504, k)

2729104
4_3(21372a§—-28960a1a2+20505a%)

2729104

<0. (B.5)

. o . 2 .
The function APS is strictly convex and quadratic in a; (% = % > O>. It has its
2

k)2 iy
vertex with respect to ap at V (3620‘;132317231‘ 3352%1 4{96]() ) Note that % > 0 holds
and thus APS > 0. Consequently, the producer surplus decreases as a consequence of

bundling.

* The previous two cases show that bundling reduces consumer as well as producer surplus

and consequently total welfare.
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B.5 Proof of Proposition 5

In the centralized channel, firm D,4’s bundling profit exceeds its separate selling profit if and
only if
Aftp, = Ry, — fip-
(@ —2da, +k)(13a, + 2a, — 15k)

= <O0. B.6
196 (8.6
U . . N QLRI .
Note that A7p, is quadratic and strictly concave in d a%DA = —% < 0). Solving for
dy yields that we have A7p, < 0 for d; < M or for da, > dl—;’k =: d,. Since we assume

dy > a,, we always have A7lp, < 0, which means that firm D, always prefers bundling over

separate selling in the centralized channel.

B.6 Proof of Proposition 6

We prove the cases in the order proposed in the proposition:

* The consumer surplus is raised by bundling if and only if

ACS = Cs® — CsPF
(@) —2d +k)(9a, — 46d, + 37k)

_ 0. B7
302 < (B.7)

e . . o 2AG
We observe that ACS is quadratic and strictly convex in d» (‘9 aAdES = % > 0). Further-
2

more, we observe that ACS < 0 for a) € <9“~1 ;%371‘ ,Q2>. However, when a; > d,, we get

ACS > 0, where d, > @, is given by assumption. Consequently, the consumer surplus is

reduced by bundling with certainty.

* When Dy bundles, it earns a higher profit than under separate selling. Additionally, Dp
gains a positive profit under bundling in contrast to a zero profit under separate selling.
Clearly, the producer surplus consisting of the two downstream firms’ profits and the zero

profits of the two upstream firms is raised by bundling.
* Total welfare rises as a consequence of bundling if and only if
AW = WS —wBL

1947 +20a3 — 48a,dp — 9k* — k(—8a, — 10a,)
- 392

<0. (B.8)

o~ . . .. 2ATR
Note that AW is quadratic and strictly convex in d» <a£§4/ = % > O>. Further note that
2

43



when d, € (4_12, w» we obtain AW < 0. Consequently, for a, € (c_iz, W),

bundling increases total welfare. If d@, > W, we have AW > 0 and thus bundling
decreases total welfare in the centralized channel. Remember that 4, < g, is ruled out by

assumption.
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