FACULTY OF BUSINESS ADMINISTRATION
AND ECONOMICS

Working Paper Series

_ |

Working Paper No. 2022-10

The Impact of Product Differentiation on the

Channel Structure in a Manufacturer-Driven Supply
Chain

Angelika Endres-Frohlich

April 2022

|




The Impact of Product Differentiation on the Channel

Structure in a Manufacturer-Driven Supply Chain

Angelika Endres-Frohlich!

Abstract

We study the impact of product differentiation on different distribution systems in a sup-
ply chain. Our market is characterized by an asymmetric supply chain with two retailers
and three manufacturers that each produce one differentiated good. We determine that a
non-exclusive distribution system is a Nash equilibrium for all degrees of product differen-
tiation between the three goods. Furthermore, we assess the welfare implications of various
distribution systems. We identify that the non-exclusive equilibrium channel structure pro-
vides the highest social welfare and highest consumer surplus for all degrees of product
differentiation. Aside from that, we find a strong incentive for the manufacturers to form
an exclusive selling cartel for close substitutes, which would cause a Pareto improvement

for all firms but harm overall welfare.
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1. Introduction

Goods in a supply chain can be sold exclusively or non-exclusively via any firm. The firms’
decisions which distribution relations to set depends on various factors, such as the degree
of product differentiation between the goods in the market. The distribution links the firms
maintain finally determine the resulting distribution system. This paper examines the impact
of product differentiation on the upstream firms’ distribution choice and assesses the welfare
implications of the resulting distribution systems. Our main contribution is that a non-exclusive
channel structure yields a Nash equilibrium for all degrees of product differentiation. We fur-
ther identify the equilibrium distribution to provide the highest social welfare for all degrees of
product differentiation.

Our model is as follows: Our market is asymmetric and consists of three manufacturers,
two retailers, and three goods. We suppose that the retailers compete in prices. Supply chains
with several upstream firms are common in retailing or service industries where retailers out-
source the production of the components as in the automotive industry or the computer industry
(Edirisinghe et al., 2011). Especially the number of physical retail stores is indeed limited and
thus might be smaller than the number of manufacturers selling to the retailers. Traditionally,
the literature around (non-)exclusive dealing structures assumes that the upstream industry has
more market (or channel) power (see Wang et al., 2019). We follow that assurnption.1 Exam-
ples of powerful manufacturers are upstream suppliers such as Intel or Microsoft that might be
more dominant in a supply chain than the downstream firms they deliver to (Zhao et al., 2014).

Furthermore, we assume that the traded goods are (imperfect) complements, (imperfect)
substitutes, or independent in demand. An application for our model might be powerful elec-
tronic producers such as Apple, Samsung, and Xiaomi that establish the market’s distribution
relations by selling their goods solely via authorized retailers. One could imagine their smart-
phones, display covers, and power banks as traded goods. Their respective smartphones with
similar features might be perceived as (almost) perfect substitutes and a smartphone and a dis-
play cover as (almost) perfect complements. For the intermediate ranges of product differentia-
tion one can think about a power bank by Samsung as complementary to most smartphones but
only delivering ‘Samsung adaptive fast charging’ combined with a Samsung device (Samsung,
2021).

We investigate the following research questions: Which channel structure arises in a manufacturer-
driven supply chain? What impact has the degree of product differentiation on the equilibrium
channel structure? and Is the equilibrium channel structure efficient in terms of providing the
highest social welfare?

Previous literature has mostly studied the endogeneity of channel structures considering

'In the relevant game theoretic literature in marketing, channel power is indicated by the relative profitability
of any channel side (Ailawadi, 2001). Since the manufacturers earn traditionally more than the retailers in a
supply chain, especially in markets with strong retail competition (Karray and Sigué, 2018), we allocate the
market power to the supply side of the market.



narrower supply chains with one or two manufacturer(s) (e.g., Dobson and Waterson, 1996;
Moner-Colonques et al., 2004; Endres-Frohlich et al., 2022). Besanko and Perry (1993) in-
vestigate a supply chain with three manufacturers and impose the restriction that being in one
exclusive upstream relationship prevents the retailer from entering additional upstream selling
relationships. We study an asymmetric setting with two retailers and three manufacturers, in
which the retailers might sell several (non-)exclusively purchased goods. Thereby, our model
mirrors that in reality a retailer often buys his products from more than two manufacturers.

As main result that a non-exclusive channel structure yields a Nash equilibrium for all de-
grees of product differentiation implies that all three manufacturers sell their differentiated (or
independent) goods non-exclusively to both retailers. Consequently, the retailers are multiprod-
uct dealers. When the goods are complements or weak substitutes, the equilibrium occurs due
to the manufacturers profiting greatly from the output expansion of selling non-exclusively. For
very close substitutes, all manufacturers would be better off jointly selling exclusively since it
would mitigate the strong degree of competition in the market. However, they behave as in
a prisoner’s dilemma and therefore do not change to a more profitable exclusive distribution
system. This is why the non-exclusive selling structure yields a Nash equilibrium also for very
close substitutes.

Previous literature with smaller market set-ups already identified exclusive selling systems
for certain degrees of product differentiation. Bako (2016) observes an exclusive selling system
equilibrium to solve the problem of contracting externalities for slight substitutes. Wu and
Mallik (2010) detect an exclusive channel arrangement in equilibrium to dampen the strong
degree of competition for weak product differentiation. Contrary to them, we establish the non-
exclusive channel structure to exhibit an equilibrium for all degrees of product differentiation.
To the best of our knowledge, this result still is unaccounted for.

Our result indicates that the number of competing goods in the downstream market and the
retailers’ ability to sell several exclusively purchased goods crucially impacts the manufactur-
ers’ equilibrium distribution choice. Unilaterally selling exclusively would barely soften the
degree of competition in the market and the associated output reduction would cause the exclu-
sively selling manufacturer considerable losses. However, when the manufacturers jointly agree
on an exclusive distribution system, we identify a strong incentive to form a manufacturer car-
tel since all firms would experience a Pareto improvement. Notice that the retailers also profit
from such a manufacturer cartel and thereby have no incentive to reveal any observed collusive
behavior. Furthermore, we ascertain that the non-exclusive channel structure in equilibrium is
robust to an increase in the number of manufacturers by one, thus for two retailers and four
manufacturers.

Regarding the welfare implications of the distribution systems we establish the following:
For all degrees of product differentiation, the non-exclusive equilibrium channel structure is ef-
ficient in terms of providing the highest social welfare among all possible distribution systems.

Furthermore, consumer surplus is highest under the non-exclusive channel structure due to the



low wholesale and retail prices in equilibrium. Hence, even though the one-sided distribution
of market power might rise anti-trust concerns, our model shows that from a social welfare
and consumer surplus perspective, this concern is uncalled for. However, if the manufacturers
pursue any collusive agreement to increase their joint profits, this would lessen social welfare
and would again raise concerns for a social planner.

This paper contributes most closely to the literature about the impact of product differentia-
tion on the channel structure in a decentralized channel. A seminal paper is by Chang (1992),
who studies an optimally endogenous channel structure without product differentiation and
concludes that each manufacturer would supply his homogeneous good exclusively to one re-
tailer. His paper was often extended with differentiated products. The literature that previously
investigated the impact of product differentiation on the channel structure considers aspects as
retail investments (Besanko and Perry, 1993), differentiated retail services (Dobson and Wa-
terson, 1996), quality asymmetries (Moner-Colonques et al., 2004), partial integration (Wu
and Mallik, 2010), bilateral link formation (Mauleon et al., 2011), private contracts (Bako,
2016), or wide ranges of product differentiation (Endres-Frohlich et al., 2022). Despite the var-
ious impact factors, most studies identify a non-exclusive distribution structure for high prod-
uct differentiation and an exclusive distribution for low product differentiation (Besanko and
Perry, 1993; Dobson and Waterson, 1996; Moner-Colonques et al., 2004; Wu and Mallik, 2010;
Endres-Frohlich et al., 2022). Additionally, Besanko and Perry (1993) find an asymmetric
distribution system for intermediate levels of interbrand competition, Moner-Colonques et al.
(2004) for sufficiently large brand asymmetry and product differentiation, and Endres-Frohlich
et al. (2022) for relatively (but not very) low product differentiation. The difference between
those studies and ours seems to be caused by the exclusive dealing assumptions in Besanko and
Perry (1993), the additional differentiation between the brands assumed in Moner-Colonques
et al. (2004), and the number of goods in Endres-Frohlich et al. (2022).

The identified effects of the channel structure on welfare are ambiguous. Besanko and Perry
(1993) find that social welfare is higher in the exclusive dealing channel structure compared to
the mixed and the non-exclusive channel structure. O’Brien and Shaffer (1993) agree with that
and state that selling exclusively to two retail firms may enhance social welfare as compared to
selling via a common retailer. Contrary to that, Dobson and Waterson (1996) find that exclusive
contracts harm social welfare independent of the degree of product differentiation, while Bako
(2016) agrees with this only when the goods are slight substitutes.

Equilibrium distribution structures have also been studied in other contexts. Some studies
focus on the strategic effects of vertical separation (Bonanno and Vickers, 1988)and vertical
restraints on competition (Rey and Stiglitz, 1995), or the anti-competitive effects of exclusive
contracts (Bernheim and Whinston, 1998; Fumagalli and Motta, 2006; Lee, 2013).Various fac-
tors were previously identified to impact the kind of distribution system that arises, e.g., a
(non-)linear demand function (Choi, 1991), waiting costs (Gabrielsen, 1997), two-sidedness of

a market (Armstrong and Wright, 2007), or risk aversion (Hansen and Motta, 2019).



Differing from most of these studies, we investigate an extended market set-up by consid-
ering an asymmetric supply chain set-up with three manufacturers and two retailers and allow
the retailers to sell several (non-)exclusively purchased goods. Both assumptions induce market
situations in which at least one retailer has several product relations with the upstream industry,
even when all three manufacturers choose an exclusive selling strategy. This already results in
a certain competitive pressure in the downstream market independent of the degree of product
differentiation. Our assumptions further allow for a wider application to reality.

The remainder of the paper is structured as follows: Section 2 introduces the basic model,
considers the possible distribution structures that might arise, and investigates their respective
equilibrium values. Section 3 derives the equilibrium distribution system for the manufacturers
and the welfare implications of all distribution systems. It further analyzes a possibility for a
Pareto improvement for all firms. Section 4 varies the number of manufactures and analyzes

the robustness of the main result. Section 5 concludes the paper.

2. Model and equilibrium analysis

Next, we introduce the market set-up and the behavior of the market players to determine the

equilibrium entities for all possible channel structures.

2.1. Market set-up

The market consists of three monopolistic manufacturers M; producing good i, withi = 1,2,3,
two competing retailers R;, with j = A, B, and a representative customer. The customer can
purchase the goods only from the retailers, not directly from the manufacturers. We assume the
retailers compete in prices. We furthermore interpret selling exclusively purely from a manu-
facturer’s perspective as selling exclusively to one retailer. This differs from the understanding
of ‘exclusive dealing’ as an agreement in which the retailers sell the good of one manufacturer
exclusively (see Besanko and Perry, 1993). By considering a larger number of manufacturers
than retailers, we ensure that at least one of the retailers sells several goods. This implies that
even when all manufacturers sell exclusively, our set-up guarantees competition in one retail
store for two products. We assume that the supply chain is dominated by the manufacturers,
implying that they move first.

The timing of the game involves two stages (see Figure 1). At stage 1, manufacturers M;
make their distribution choice and choose their wholesale prices accordingly. This means that
they decide whether to sell their goods exclusively to any retailer or non-exclusively to both
retailers. At stage 2, both retailers R; choose independently and simultaneously their prices.
We solve the sequential game by backward induction to derive its subgame perfect equilibrium
(SPE).

In the first stage, each manufacturer chooses a strategy from the strategy set S; = {A, B,AB}.
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Figure 1: Timing

Strategy s1 = A implies that manufacturer M; chooses to distribute exclusively to retailer R4.
Reasons for the agents to pursue an exclusive contract might be to enlarge horizontal market
power by vertical market foreclosure, to gain superior efficiency (Chang, 1992), or to dampen
the degree of interbrand competition in the retail market (Moner-Colonques et al., 2004). Strat-
egy s1 = AB implies that manufacturer M, sells his good non-exclusively to both retailers. This
strategy may be strategically used by a manufacturer to introduce intrabrand competition be-
tween the goods that then might coexist with interbrand competition in the downstream market
(Moner-Colonques et al., 2004). In this model, we concentrate on the manufacturer’s motive to
impact the degree of competition for pursuing (non-)exclusive contracts.’

Taken together, we denote our distribution systems by the strategy choices of all manufac-
turers. Distribution system (A,A,AB), for example, implies that manufacturers M; and M, sell
exclusively to retailer R4 and manufacturer M3 sells non-exclusively to both retailers. The
retailers also may supply several goods if several manufacturers sell them their goods (non-
)exclusively. Consequently, 27 possible strategy combinations exist, which we refer to as dis-
tribution systems.> Some of the channels are symmetric. Thus, we reduce our analysis to six
distribution systems which are depicted in Figure 2.

Depending on the channel structure, various dimensions of competition take place, which are
impacted by the degree of product differentiation (e.g., Moner-Colonques et al., 2004; Mauleon
et al., 2011). Interbrand competition happens between the goods of different manufacturers
and intensifies with decreasing product differentiation. Intrabrand competition takes place
among retailers that sell homogeneous goods and occurs independently of the degree of product
differentiation.

These modes of competition give rise to two opposing effects that greatly affect the man-
ufacturers’ distribution choice: the competition effect and the output expansion effect. The
output expansion effect covers the additional upstream profits gained from installing a new dis-

tribution relationship. Selling a product non-exclusively intensifies interbrand competition and

ZNotice that the strategy of not selling to anybody is always a dominated one.

3In particular, all manufacturers might distribute exclusively (A,A,A), (A,A,B), (A,B,A), (B,A,A), (B,B,A),
(B,A,B), (A,B,B), (B,B,B), one manufacturer might sell to two retailers (A,A,AB), (A,AB,A), (AB,A,A),
(AB,B,B), (B,AB,B), (B,B,AB), (A,B,AB), (B,A,AB), (A,AB,B), (B,AB,A), (AB,A,B), (AB,B,A), two
manufacturer might sell to two retailers (AB,AB,A), (AB,AB,B), (AB,A,AB), (AB,B,AB), (B,AB,AB),
(A,AB,AB), or all three manufacturers might sell to two retailers (AB,AB,AB). Notice that we use the terms
distributions and channel structures interchangeably.
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Figure 2: Distribution systems

additionally installs intrabrand competition; both cause lower prices and a higher output for this
good. The competition effect covers the negative effect of an additional selling relationship on
the manufacturers’ profits via the lower prices charged for the good. The magnitudes of the
effects decide about the profitability of any selling relationship for the manufacturers and thus
the distribution strategy they choose in equilibrium.

In the following, we will discuss the demand side of the market.

2.2. Demand functions

The representative consumer’s utility for goods i and a bundle of other goods m follows Dixit
(1979); Singh and Vives (1984):4

1
V=m+a(Q1+02+03)— 5 (01 + 03+ Q3 +26010:+200,03+260,03).

The parameter Q; denotes the quantity of good i that the consumer buys and 6 captures

“For better readability we refrain from depicting the functions” arguments in the following analysis. Further, we
presume the customer represents the whole mass of consumers, as common with this type of utility function.
We therefore also use the plural form in the following discussions.



the degree of product differentiation between the goods. Following Héackner (2000) and Amir
et al. (2017), we set 0 € (—ﬁ, 1), ie. 6 € (Q,@) with @ = —0.5 and 6 = 1, to ensure strict
concavity for our quadratic utility function.> For 8 < 0 (8 > 0) the goods have an imperfect
complementary (substitute) relationship, and in case of 6 = 0 the goods are independent in
demand. We refrain from analyzing the boundary cases of 8 = —0.5 (6 = 1), where the goods
pose perfect complements (substitutes).

All goods i have the same quality level a, which represents the customer’s willingness to
pay for this good, and are produced for the same marginal costs of production k € [0,a).6 We
denote p; as the retail price for good i. The composite good is denoted by m and its price is
normalized to one. Solving the customer’s utility maximization problem, we obtain the inverse

demand for the respective good:

pr=a—01—0(02+03), (1)
p2=a—0,—0(01+03), (2)
p3=a—03—0(01+02), (3)

where Q; = qa; + gpi. Here, g4; denotes the quantity of good i supplied by retailer R4 and gp;
the quantity of good i supplied by retailer Rg. We invert the systems of inverse demand, (1)-(3),

to derive the demand for the three goods as

a—p1—(a+pi—p2—p3)0
- 4
Q1 116267 : 4)
_a—py—(a—pi+pr—p3)0
02 = 1+6—262 ! ®)
_a—p3—(a—p1—p2+p3)0
s = 1+6—262 ! ©

respectively.
As common with this type of utility, we set the constraint that quantities are non-negative,

which is fulfilled by a > k for all possible distribution systems.’

2.3. Retailers’ price setting behavior

We begin with deriving the equilibrium behavior of both retailers for each of the possible chan-
nel structures. For the sake of exposition, we only present the calculations for one of the pos-

sible distribution systems, which is the non-exclusive distribution system (AB,AB,AB), where

>Notice that 6 (—ﬁ, 1) is a restriction for the commonly used a priori possible range for i = 2 goods of
0 € (—1,1), for our case of i > 2 firms.

®Due to all three goods having the same quality level a, we do not have any inferior good that might incentivize
a manufacturer to foreclose it from the market even if the goods are substitutes (see Yehezkel, 2008).

TFurther information can be found in Spence (1976).



all three manufacturers distribute their goods to both retailers.®
The retailers set their prices simultaneously and independently, while aiming at maximizing
profit. Retailers R4 and Rp sell all three goods i and set their prices py;, respectively pp;, to

maximize

s = (pa1 —w1)qa1 + (pa2 —w2)qaz + (pa3 — w3)qas,

ng = (pp1 —w1)gB1 + (P2 — W2)qB2 + (PB3 — W3)qB3,

where w; denotes the wholesale prices set by the manufacturers for good i. Both retailers’ total
profits sum up the profits gained from selling the three goods.
The price equilibrium in the retail market is thus given by

Pl = Pa1 = Pp1 = W1, (7
% * *

D2 = Pa2 = Pp2 = W2, (8)

P3 = DAz = Pg3 = W3, (9)

where * denotes all equilibrium entities. The price competition, which takes place for each of
the three goods in the retail market, drives the retail prices down to marginal costs, which is
given by the respective wholesale price w;.

Inserting the equilibrium prices (7)-(9) into demand (4)-(6), we obtain the equilibrium de-

mand: ( 6
_a—wp— a-+wi—wy—w3

Q1= 1+6—262 ’ (10
a—wy—(a—wj+wy—ws3)0

= 11

O 11 6_202 ; (11)
a—ws—(a—w;—wy+ws3)0

= 12

Qs 1+6—262 12)

Notice that the cross-price derivatives coincide with the sign of 6. Thus, good i represents a
substitute, respectively a complement, in the upstream market, if and only if it does so in the
downstream market.” The retailers’ equilibrium retail prices and profits for the other distribu-

tion systems are provided in Table 1.

2.4. Manufacturers’ price setting behavior

Depending on the second-stage decision of the retailers we can calculate the equilibrium whole-

sale prices of the manufacturers for all six cases. The results can be found in Table 2.

8 All calculations can be found in Appendix A.
“Itholds 5% = — 50— with j # i. We have 5% < 0 for 6 € (8,0) and 52 > 0 for 6  (0,6).

T 202-



Distribution | Equilibrium retail prices p; and equilibrium retail profits 7:1*

(A,AA) | pt =950, py = 402, py = 45

2 °
—— 7(2W1+2W2+2W3)a+(36127(2W|+2W2+2W3)a+(2W2+2W1)W3+2W1Wz*W%*W%*W%)6+3a2+W%+W%+W% =0
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T
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AT (—146) (2+6)* (1+26) (2+36)° > B (—=146) (246)° (1+26) (2+36)*
_atwi—(a—wi—wr—w3)0 & s
Tt — (a—wi—aB—w;0+wr0+w30)* | =0
AT 4(—=1+6)(140)(1+26) > ‘"B
(AB,AB,AB) pT — p; — P; — 3a+k::16+k6
* *
Ty=np=0

Table 1: First-stage Nash equilibrium prices and profits of retailers
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The manufacturers each set their wholesale prices in order to maximize profit:

m = (w1 —k) Q1, (13)
m = (w2 —k) O, (14)
m3 = (w3 — k) Qs, (15)

where Q; is provided by (10)-(12), respectively. Solving for the upstream price equilibrium, we

gain the wholesale prices for the goods as indicated in Table 2.

Distribution | Wholesale prices

* * * a+k—(a—k)9
(A,A4,4) | wi=wy=wi="—7F—>
% % _ 4atdk+(Ta+13k)0—(Ta—Tk) 8% —(9a+9k) 03+ (5a—4k) 6*+2k6°
(A,A,B) | wi=w;= 812001863+ 0% 1265
W — 8a+-8k+(16a-+24k)0—(9a—9k) 07— (20a+16k) 03 +(3a—k) 0*+(2a-+2k) 7
3 16+40973§93+204+4395
% % _ 2a+2k+(a+5k)0—(4a—k) 67 +(a—3k) O
(A,A,AB) | wi=w; = 4160302203
W — 2a+2k+(2a+4k)0—3a 0% —(a+k) 63
3 4+66—362-263 , X .
% % 8a+8k+(20a+32k)6—(2a—36k) 62— (23a—5k) 03 —(3a+5k) 6
(A,AB,B) | wi=wj;= 16152013402 1863_80°
W — 8a+8k+(22a-+30k)0+(3a+31k) 6% —(24a—6k) 03 —(9a—k) 6%
2 16:+520-+3462 1867867
« _ datdk+(6a+14k)0—(5a—13k) 02— (5a—k) 0
(A,AB,AB) | wj= 842001867467
_ da+4k+(3a+9k)0—(Ta—3k) 62
8+126—46?

_ % _ atk—(a—k)6
=Wi3=—T73

w.
(AB,AB,AB) | w

D % | W%

—% D *

w
w
Table 2: Second-stage Nash equilibrium wholesale prices

Substituting the equilibrium wholesale prices into the other expressions yields the remaining

equilibrium results. Notice that a > k ensures non-negativity for all equilibrium market entities.

2.5. Welfare results

We now turn to the welfare analysis of the non-exclusive distribution system (AB,AB,AB). The

producer surplus PS includes the profits of all firms in the market:

3a—k)?(1-6)(1+6)

PS =n{+m+m +7+75=

Consumer surplus CS is provided by CS; = 520, CS; = “520,, and CS3 = 5303,

respectively, and amounts to

(a—k)*(1+6)°
8(1+20)

CS* = CSi+CS;+CS; =3 x

11



The sum of consumer and producer surplus provides social welfare W as

3(a—k)* (3-0) (1+6)

W* = PS* +CS* =
* 8(1+26)

Similarly, we calculate the welfare equilibria for the other distribution systems. More details

can be found in Appendix A.

3. Analysis

We first investigate the equilibrium distribution system. Subsequently, we explore how the

equilibrium distribution system affects social welfare.

3.1. Mutually best responses

When we examine the best responses of manufacturer M; to the remaining two manufactur-
ers’ choices, we establish that it is for M; always a best response to distribute his goods non-

exclusively to both retailers. This is captured by the following result:

Proposition 1. Forall 6 € ( 0, 5), the Nash equilibrium distribution system is the non-exclusive
market distribution (AB,AB,AB).

Proof. See Appendix B. ]

In other words, the non-exclusive distribution (AB,AB,AB) exhibits a Nash equilibrium in-
dependent of the degree of product differentiation. To the best of our knowledge, this result
yet is unaccounted for. For complements, this result has been obtained in past literature and
is quite intuitive. Cai et al. (2012) identify that intuitively a manufacturer is reluctant to be in
an exclusive upstream-downstream relationship for complementary products since this lowers
demand and thereby his profit. For close substitutes, however, an exclusive distribution system
might occur to mitigate the strong degree of intra- and interbrand competition in the market
(see Endres-Frohlich et al. 2022; Besanko and Perry 1993). Opposed to that, the manufacturers
choose to sell non-exclusively when the goods are close substitutes.

The underlying effects that induce selling non-exclusively in equilibrium are as follows:
When the goods are complements, i.e., 8 € (8,0), the customers perceive them as being more
essential for each other. The necessity to buy the respective other goods increases, same as
the customers’ willingness to pay for the goods. In turn, the demand for each good is fostered
by the increasing demand for the other complementary goods. This allows manufacturers to
raise wholesale prices and finally subtract higher consumer surplus. Even though this higher
wholesale price — that is transferred to the retail prices via the downstream price competition —

dampens the demand for the goods, we still observe a strong output expansion effect. Overall,

12



all manufacturers benefit more from the additional profits gained by the output expansion of
selling non-exclusively than they lose from the intensification of the competitive situation on
the market associated with it.

When the goods are substitutes, i.e., 0 € (0,5), the manufacturers’ market power decreases
with low product differentiation. This is reflected in a lower upstream price mark-up and conse-
quently lower wholesale prices. Selling non-exclusively intensifies the already very competitive
situation on the market and pushes wholesale and retail prices down even more. These lower
prices negatively affect manufacturers’ profits but also cause an output expansion, which in
turn mitigates the negative impact on profits. Put together, the higher demand by the decreas-
ing prices dampens the lower demand induced by the goods becoming less differentiated and
the reduced necessity to buy substitute goods. Despite the strong aggravation of the competitive
situation, the manufacturers still choose the non-exclusive channel structure in equilibrium for
substitutes.

This behavior can be ascribed to the fact that unilaterally deviating from selling exclusively
causes a strong profitable output expansion effect for the deviating manufacturer for 8 € (0, 9).
The remaining non-deviating manufacturers lose from any deviation of another manufacturer
to a non-exclusive selling strategy. In turn, they would choose to unilaterally deviate in order to
profit from the deviation.'” Following that logic, the manufacturers end up in the non-exclusive
selling distribution.

However, for 8 € (0;,0), with 8; ~ 0.9018, the competition effect might dominate the output
expansion effect for all manufacturers. This takes place when several manufacturers jointly
deviate from selling exclusively.!! This implies that the degree of competition is so high that
mitigating competition by jointly selling exclusively provides higher manufacturer profits than
selling non-exclusively.'? Still, the non-exclusive channel structure exhibits an equilibrium in
this range. The reason is that the manufacturers find themselves captured to sell in the non-
exclusive equilibrium structure, even though they would be better off selling in the exclusive
distribution. Thus, they behave as if they were in a prisoner’s dilemma.

Our equilibrium result is partially in line with Bako (2016) who discovers a non-exclusive
channel structure in equilibrium for close substitutes. Opposed to us, she assumes private con-
tract information between the agents, which causes reduced joint profits compared to a setting
with open contract information. Selling exclusively would solve the contracting externality
and allow joint profit maximizing outcome of the firms. However, she observes a prisoner’s
dilemma that prevents the manufacturers from selling exclusively for low degrees of product

differentiation.

10See Lemma 3 and part a) of Lemma 4. Further, for 6 € (8, 6), the incentive to unilaterally deviate from selling
exclusively exists for each distribution system with at least one exclusive selling strategy, which makes our
game an acyclic one.

See part b) of Lemma 4

12Notice that this is only valid for the exclusive distribution system (A, A, B), not the exclusive system (A,A,A) as
described later.
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Contrary to us, Besanko and Perry (1993), Endres-Frohlich et al. (2022), and Bako (2016)
determine an exclusive structure for weak substitutes. In Besanko and Perry (1993) this is
caused by a prisoner’s dilemma. Different from us, they consider investment competition that
introduces an additional dimension of competition affecting the results.

To summarize, we confirm the existence of several upstream firms (Bako, 2016) and price
competition in the downstream market (Choi, 1991) as highly influential for a non-exclusive
channel structure to arise. Nevertheless, our result cannot only be ascribed to that since we
identify the non-exclusive structure to yield as equilibrium for all degrees of product differen-
tiation.

We furthermore identify the competitive consequences of two other model assumptions as
pivotal for the manufacturers’ continual non-exclusive distribution choice, the asymmetric set-
up with three manufacturers and two retailers and the assumption of the retailer being able
to pursue several (non-)exclusive selling relationships with the upstream market. This causes
a strong competitive pressure in the downstream market by inducing competition in at least
one retail store with at least two competing products independent of the manufacturers’ selling
choice. Combined with the strong competitive situation by the downstream price competi-
tion prevails an intense degree of competition in the market. Any firm deviating from selling
non-exclusively cannot sufficiently reduce this strong degree of competition. Thus, no other
distribution system than the non-exclusive one might arise in equilibrium. Consequently, the

identified Nash equilibrium is unique.

Aside from the prisoner’s dilemma for very close substitutes, we detect an incentive for the

manufacturers to jointly increase their individual profits by forming a cartel:

Proposition 2. There exists a 0 such that for 0 > 0 pursuing the exclusive selling structure

(A,A,B) causes a Pareto improvement for all firms.
Proof. See Appendix H.1. O]

In particular, the distribution system, say, (A, A, B) causes higher profits than the (AB,AB,AB)
distribution system for manufacturers M| and M, when 6 € (éz,g), with éz ~ 0.6954 and for
M3 when 0 € (63,0), with 63 ~ 0.5279. We identify 6 := max(63,6,) = 6,. Thus, the man-
ufacturers have a joint incentive to insist on exclusive contracts for 8 € (6,0). Besides, the
exclusive selling structure benefits both retailers; they earn positive profits in the exclusive
channel structure as opposed to zero profits in the non-exclusive equilibrium one. To sum up,
the manufacturers can enforce a Pareto improvement for all firms by cooperatively selling their
goods in the exclusive distribution system (A,A,B). This represents a strong incentive to col-
lectively decide about the distribution system a priori and therefore should raise competition
policy concerns.

Notice that this effect is not observable in the exclusive (A,A,A) distribution system since

the negative effects of the interbrand competition on prices can be internalized by the monop-

14



olistically acting sole retailer.'®> The retail prices for all goods would be higher which reduces
their demand compared to the (AB,AB,AB) distribution system. This negatively affects manu-

facturers’ profits such that they have no incentive to choose the (A,A,A) distribution system.

3.2. Welfare effects

Subsequently, we study the welfare implications of the distribution systems. We compare pro-
ducer surplus, consumer surplus, and social welfare between all considered distribution systems
(see Figures 3 and 4 for a depiction of welfare in each distribution system).

25 4 35 33
pSAAA ‘: CsAAA
— pSAAB 30 ' — (CSAAB
20 — pSAAAB ': — CSAAAB
— pSAABB 25 : — (CSAABB
15 4 PSABAAB ‘: CSABAAB
-=-: pSABABAB 20 H -==: CSABABAB
10 R
5 -
0
0 T T T T T 0 T T T T T
—-0.25 0 0.25 0.5 0.75 1 —-0.25 0 0.25 0.5 0.75 1
(a) Producer surplus (b) Consumer surplus
Figure 3: Consumer and producer surplus (with a = 10,k = 5)
Note: Since we exclude the boundaries 8 = —0.5 and 6 = 1 in our analysis, we do not depict them in the graphs

Our analysis regarding producer surplus yields the following insight:

Lemma 1. Producer surplus for 6 € (6, é4) is highest under the non-exclusive channel struc-

ture, for 0 € (94, 95) it is highest under partially exclusive distribution systems, and for 6 €
(és,g) it is highest under the exclusive channel structure, with 0 < 04 < é5 <.

Proof. See Appendix E. ]

Notice that 64 ~ 0.2377 and 05 ~ 0.6694. Generally, exclusive distribution systems gain
producer surplus with decreasing product differentiation. To be specific, for 6 € (0, é4), the
non-exclusive market distribution (AB,AB,AB) reveals the highest producer surplus. This is
caused by the large output expansion fortified by the goods being complements, which strongly
benefits the manufacturers and thus producer surplus. With decreasing product differentiation,
the positive demand effect of complements subsides, and the higher degree of competition

causes the wholesale prices and, consequently, the manufacturers’ profit and producer surplus
to decrease.

13See Appendix C.1 for detailed calculations.
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For 6 € (é4, é5), the partially exclusive distribution systems surpass the non-exclusive dis-
tribution system in producer surplus. The gain in producer surplus is attributed to the retailers
that can set prices above marginal costs for exclusively sold goods. This lowers demand and
reduces manufacturers’ profits. Still, the retailers’ increased profits override the manufactur-
ers’ lost profits and cause the partially exclusive distribution systems to provide the highest
producer surplus for weak substitutes.

When the goods are close substitutes, this causes an intense degree of competition and in-
duces retail and wholesale prices to approach marginal costs. Hence, for 8 € (é5,§), the only
distribution system in which the retailers’ profits do not approach zero for (almost) perfect
substitutes is distribution system (A,A,A). In this distribution, all manufacturers sell to one
retailer, who acts as monopolist and can internalize the negative effects of the intrabrand and
interbrand competition. He can still set a price mark-up even though the goods are (almost)
perfect substitutes, which drives wholesale prices to approach marginal cost. This is the only
distribution system in which producer surplus stays positive for (almost) perfect substitutes.

When comparing consumer surplus between the different channel structures, we find the

following:

Lemma 2. Forall 6 € ( 0, 5), consumer surplus is highest under the non-exclusive equilibrium
channel structure (AB,AB,AB).

Proof. See Appendix F. [

We identify the low retail prices as decisive for the non-exclusive channel structure to exhibit
the highest consumer surplus. Since both retailers sell homogeneous goods, the intraproduct
competition drives retail prices down to marginal costs irrespective of the degree of product
differentiation. Additionally, the interbrand competition induced by the manufacturers selling
non-exclusively further exerts competitive pressure on the wholesale (and thus retail) prices.
This proves advantageous for the consumers and causes the non-exclusive market distribution
to provide the highest consumer surplus of all distribution systems for 8 € (8,8). The effect
of an increasing consumer surplus with a decreasing degree of product differentiation due to
decreasing input prices is in line with the literature (e.g., Heinzel and Hoof, 2020).

Considering social welfare as the sum of producer surplus and consumer surplus, our next

proposition is as follows:

Proposition 3. Forall 6 ( 0, 5) social welfare is highest under the non-exclusive equilibrium
channel structure (AB,AB,AB).

Proof. See Appendix H.2. [

In sum, social welfare reveals in the non-exclusive market distribution the highest social wel-
fare for 6 € (8,0). Even for decreasing product differentiation, when the (more) exclusive dis-

tribution systems provide the highest producer welfare, consumer surplus in the non-exclusive
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Figure 4: Behavior of social welfare (with a = 10,k =5)
Note: Since we exclude the boundaries 8 = —0.5 and 6 = 1, we do not depict that in the graph.

channel is high enough to cause social welfare to be highest in this distribution structure as well.
This result implies that in case the manufacturers decide on any collusive agreement other than
the non-exclusive distribution system, social welfare would be lessened for all degrees of prod-
uct differentiation. This emphasizes the negative implications of the manufacturers’ incentive
to form a cartel also from a social welfare perspective.

This result is contrary to Bako (2016), who observes social welfare in the non-exclusive
market set-up to exceed social welfare in the exclusive contracts case only for highly differen-
tiated products. The difference to their results is caused by our very competitive situation in the

downstream market, which benefits consumer surplus and thereby social welfare strongly.

4. Robustness: Changing numbers of manufacturers

We are now validating the robustness of our results concerning changes in the number of man-
ufacturers, ceteris paribus. We first investigate the case of i = 4 manufacturers while assuming
J = 2 retailers and establish again the non-exclusive distribution system as a Nash equilibrium
independent of the degree of product differentiation.'* The reason for this is the same as in the
main case. Selling exclusively by any manufacturer would not sufficiently dampen the degree
of competition in the market. The high competitive pressure induced by the high number of
traded goods in the market and by the retailers being able to uphold several (non-)exclusive
selling relations explains this. This finally induces the non-exclusive channel structure to arise
in equilibrium.'> Hence, our equilibrium channel structure result is robust to an increase in the
number of manufacturers to i = 4.

When we consider a decrease in the number of manufacturers, i.e., i = j = 2, we can refer

to the analysis of Endres-Frohlich et al. (2022). They identify that the non-exclusive struc-

14See Appendix G for detailed calculations.

ISNotice that we did not conduct a thorough analysis of equilibrium channel structures. We rather analyzed
the robustness of the non-exclusive channel structure as a Nash equilibrium for increasing the number of
manufactures to i = 4. Consequently, we cannot rule out that there might be other equilibria.
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ture arises in equilibrium only for complements up to close substitutes. They ascertain an
asymmetric distribution system (in which one manufacturer sells exclusively and the other one
non-exclusively to the retail industry) for relatively close substitutes. For very low degrees of
product differentiation, they obtain an exclusive channel structure in equilibrium. The differ-
ence is caused by the lower degree of intrabrand and interbrand competition in the market due
to the lower number of traded goods. Then, one manufacturer selling exclusively indeed causes
a significant reduction of competition that provokes — depending on the degree of product dif-
ferentiation — different equilibrium outcomes.

This indicates that the non-exclusive channel structure as equilibrium is robust to increasing
the number of manufacturers in the market by one as long as the number of retailers stays
unchanged. It might even seem as if a number of i > 3 manufacturers for j = 2 retailers might
be the critical threshold for which the non-exclusive equilibrium occurs in equilibrium since
the competitive situation on the downstream market further intensifies with each additional
manufacturer that produces one good. Additional research would be necessary to formally

confirm this.

5. Conclusion

This paper investigates the impact of product differentiation on the equilibrium channel struc-
ture and its welfare implications. We consider an asymmetric manufacturer-driven supply chain
that consists of three manufacturers, each selling a differentiated (or independent) good to two
price competing retailers. The manufacturers can either sell exclusively or non-exclusively to
the retailers.

Our main finding is that the non-exclusive channel structure exhibits a Nash equilibrium
for all degrees of product differentiation. Previously, literature mostly identified an exclusive
channel structure in equilibrium for low product differentiation. The reason is that selling
exclusively dampens the strong degree of competition in the market associated with low degrees
of product differentiation. Contrary to that, our model ascertains the non-exclusive channel
structure in equilibrium even for low product differentiation, which might seem unintuitive.
However, in reality, we indeed see that powerful electronic producers such as Samsung, Apple,
and Xiaomi sell not just complementary goods non-exclusively to several electronic retailers
(such as smartphones, power banks, and display protectors). All of them also sell their own
smartphone versions that account for close substitutes via the same electronic retailers.

The intuition runs as follows. When the goods are complements or weak substitutes, there
is a strong output expansion that comes along with selling non-exclusively. The additional
profit caused by the output expansion outweighs the loss in profits caused by the increase in the
degree of competition associated with decreasing degrees of product differentiation. When the
goods are complements, this relation is valid for all manufacturers, which is straightforward.

Each product’s demand fosters the other products’ demand and thereby raises overall demand
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and manufacturers’ profits.

When the goods are sufficiently substitutable, only the manufacturer that unilaterally builds
another non-exclusive selling relation experiences a dominating output expansion effect. For
very close substitutes, the reverse is true for all firms. The level of competition in the market
is then so strong that mitigating it by selling exclusively indeed would be more lucrative for
the manufacturers. However, for close substitutes the manufacturers behave as in a prisoner’s
dilemma and therefore do not sell exclusively. Thus, only the non-exclusive selling structure
arises in equilibrium. This bears a high incentive for the manufacturers to form a collusive
agreement and thus gain higher individual profits.

In light of our motivating example of the electronic producers Apple, Samsung, and Xiaomi,
this would indicate that their decision to sell their complementary and substitute goods non-
exclusively is in accordance with our theoretical predictions. Still, it might not be the most
profitable distribution choice considering selling their close substitute smartphones versions.

By means of a robustness check, we furthermore conclude that our equilibrium distribution
system is robust to increasing the number of manufacturers by one.

Moreover, the non-exclusive channel structure yields the highest social welfare and con-
sumer surplus among all possible distribution systems. This is mostly attributed to the low
retail prices in the equilibrium channel structure. Therefore, the welfare implications of our
study are the following: From a consumer and social welfare perspective, the identified equi-
librium channel structure does not have to be of any concern to a social planner, even though the
market power lies fully with one industry side. Suspicion of the authorities with regard to wel-
fare and cartel behavior should only be raised in case the manufacturers sell close substitutes
exclusively.

The managerial implications of our results are that not only the manufacturers’ individual
considerations but also their rival manufacturers’ selling decisions crucially matter for the aris-
ing distribution system. It is particularly important to consider the terms of the selling contracts
with the retail industry, specifically whether an exclusive selling structure on the upstream mar-
ket induces a one-good-per-store selling policy on the downstream market. Especially when
the goods are close substitutes the rivals’ behavior should be monitored closely.

This study provides several points to connect future research to. One aspect would be vary-
ing the sequentiality of the players’ decisions to investigate the impact of the succession of
the moves. When interpreting the first mover as the one with the largest market power, this
would shed some light on the impact of the distribution of market power on the equilibrium
distribution system. Furthermore, one could model brand differentiation between the goods,
which would be particularly interesting if the goods are sold non-exclusively. This would allow
connecting to reality even more closely. Another interesting point would be to study our setting
when the retailers compete in quantities to determine the impact of the mode of competition on

the final results.
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Appendix

A. Equilibrium calculations of distribution systems

A.l. Casea) - (A,A,A)

Suppose that all manufacturers sell their goods exclusively to one retailer. This implies the
distribution systems (A,A,A) or (B, B, B). Following, we describe distribution system (A,A,A)
as depicted as Case a) in Figure 2.

The profit of retailer R4 is provided by
Ta = (p1—w1)Q1 + (p2 —w2) Q2+ (p3 — w3) 03. (A1)

Inserting (4)-(6) into (A.1), provides

(p1—wi)(a—p1—(a+pi—p2—p3)0)

T =
A 1+6—262
Lp2=wa)la=pa—(a=pi+pr—p3)0)
1+6-262
(p3—ws)(@a—p3—(a—p1—p2+p3)0)
+ 110262 . (A2)
Notice that (A.2) is strictly concave in p; because of a;;i;‘ =— 11%3’292 < 0.

Maximizing (A.2) yields the corresponding first order conditions (FOCs):

omy  a—2p1+wi—ab—2p10+2pr0+2p30 +wi0 —wr0 —w3f

i()7
api (1—0)(1+208)
omy  a—2py+wy—ab+2p160—2pr0+2p30 —wi0 +wr0 —w36 1y
opy (1—0)(1+206) 7
omy  a—2p3+w3—ab+2p10+2pr0 —2p30 —wi0 —wr6 + w36 P
op3 (1—0)(1+206) -

which respectively characterize the monopoly prices of good 1, good 2, and good 3 as depicted
in Table 1.

Inserting the equilibrium prices into (10)-(12) yields the goods’ demand in equilibrium:

B a—wi;—al —w10+w0+ws30

= A3

Q1 2(1—6)(1+26) ’ (A.3)
a—wy—ab+wi10 —wy0+ws30

= A4

0 2(1—6) (1+26) ’ (&.4)
— w3 —ab 0 6 —w36

0y = a—w3—ab+w10+wp w3 (AS)

2(1—0) (1+26)

24



Inserting (A.3)-(A.5) into (13)-(15) yields:

(w1 —k) (a—wy;—ab —w10+wr0+w30)
= A.6
& 2(1—6) (1+26) ! (A.6)

(wp—k) (a—wy—ab+w;0—wr0+ws30)
_ A7
& 2(1-6) (1+26) ’ (A7)

(w3 —k) (a—w3—ab+wi10+wr0 —w30)
= . A.8
3 2(1—6) (1+26) (&.8)

Notice that (A.6)-(A.8) are strictly concave in w; because of 32—;?’ = —% < 0. Maxi-

mizing (A.6)-(A.8) results in the following FOCs, respectively:

am _ at+k—2w;—ab +k0 —2w10 +wr0 +w30 |

=0 A9
e 2(1—6) (1+26) ! (&.9)
o0m :a+k—2w2—a9+k9—|—w16—2w29+W39 ;07 (A.10)
ow, 2(1-06) (1+26)
am; _at+k—2w3—ab+k6+w16+wi0—2w36 Lo (A1)
ows 2(1-06) (1+26)

Solving (A.9)-(A.11) leads to the equilibrium wholesale prices as depicted in Table 2, which
we insert into the residual equations to obtain the resulting equilibrium prices, quantities, and
profits, such as summarized in Table 3.

The producer surplus includes the profits of all firms. The consumer surplus is provided by

CS| = %Q*, CS; = a;p 2 05, and CS5 = a_zp 3 03, respectively, and social welfare amount to
PS* = mi+m+m+m+ng= 3<a_k1)2((f;293)(1 +9),
CS' = CSi+CSi+Csi=3x & ;;?fi;;f ’
W* = PS*4+CS* = 3(“_k;;EZ;§3)(1 9
Quantities 01=0,=05= %
Retail prices pi = p; = pj = 4thikb-db

(a—k)2(1-6)(1+6)
8(1+20)

B -
;=0

* * *
Manufacturer profits | 7] = 1y = 15 =

3(a—k)*(1+6)?
16(1+26)

Retail profits T, =

Table 3: Equilibrium values distribution system (A,A,A)

The assumption a > k ensures non-negativity for all equilibrium market entities.
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A.2. Caseb) - (A,A,B)

Suppose that two manufacturers sell exclusively to one retailer and that one manufacturer
sells exclusively to the other retailer. This implies the distribution systems (A,A,B), (B,A,A),
(A,B,A), (B,B,A), (A,B,B), and (B,A,B). Following, we describe the calculations for distri-
bution system (A,A, B) as depicted as Case b) in Figure 2.

The profits of retailers R4 and Rp are provided by

mta = (p1—w1)Q1+ (p2 —w2) 02, (A.12)

g = (p3—W3)Q3. (A.13)

Inserting (4)-(6) into (A.12) and (A.13), respectively, provides

g — Pimwi)@—pi—(atpi—p2—ps))

1+6—202
(p2—w2)(a—p2r—(a—p1+p2—p3)0)
A.l4
+ 1106-_202 ) (A.14)
_ —pi—(a—p — 0
— (p3—ws)(a—p3—(a—p1—p2+p3) )_ (A15)

14+6—262

827rA _ 627cA o
8p% - Bp% -

Notice that (A.14) and (A.15) are strictly concave in p1, p, and p3 because of

Pry _ 2(1+6)
B apr =T 207 <V

Maximizing (A.14) and (A.15) yields the corresponding first order conditions (FOCs):

omy  a+w;—2p1—ab —2p160+2pr0+p30 +wi 0 —wrf

20,

Ipi (1-6)(1+26)
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opy (1-0)(1+206) 7
ong  a+w3—2p3—ab+p16+p0—2p36+w36 1y
ap;3 (1—-6)(1+206) ’

which respectively characterize the monopoly price of goods 1, good 2, and good 3 as depicted
in Table 1.
Inserting the equilibrium prices into the demand for the respective good from (10)-(12) yields

the goods’ demand in equilibrium:

0, = —4a+4w + (2a 42wz —4wr +8wy) O — (6a — 2w3 — Swy +wy) 02+ (2w —2w,) 63
b 8+ 166 — 1262 —200° + 864 ’
(A.16)
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_da—4wy+ (2a+ 4wy — 8wy +2w3) 0 — (6a — Swi +wy —2w3) 02 — 2w —2w») 63

2 8+ 160 — 1262 — 2063 + 864 ’
(A.17)
05 = 2a—2w3 + (2a+wi +wy —4w3) 0 — (2a —wy —wy) 82 — (2a—2w3) 63 (A.18)
3T 4+860—602—100% +464 ' '
Inserting (A.16)-(A.18) into (13)-(15) yields:
(k — Wi ) ll
= A.19
= (1-0)(1+20)(2+26 —62) (.19
where A is denoted by
M = —da+4w; —2a0 + 8w 0 —4wr0 —2w360 + 2wy 0° — 2w, 63
+6a6% + w162 - 5W292 — 2W392,
(k — Wz) AQ
= A.20
= (1-0)(1+260)(2+26 —62) (&.20)
where A, is denoted by
A = —4a+4wy—2a0 —4w;0 +8wr0 — 2w360 + 646> — 5w 62
+w20% —2w360° 4+ 2w1 0% — 2w, 67,
(k—W3>
= . A.21
= (1-6)(1+260)(2+26 —67) &-21)
Notice (A.19)-(A.21) are strictly concave in wy, w, and w3 because of % = % =
1 2
B 4180162263 Py 2(146)(1+6—62%) e
21-0)(1-426)(2+26-07) < 0 and o T T (1-0)(1720)(2120-97) < 0. Maximizing (A.19)-
(A.21) results in the following FOCs, respectively:
871'1 - 1 y
ow; 84166 —1202 2003 4 86*
(—4a — 4k + 8wy + (—2a — 8k + 16wy — 4wy —2w3) 60
+ (6a — k+2w; — 5wy —2w3) 0% + (2k — 4w +2w;) 63)
Ly (A.22)
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871'2 - 1 y
dw, 84160 —1202—-2003+864
(—da — 4k + 8wy + (—2a — 8k — 4wy + 16w, —2w3) 0

+(6a —k —5wi +2ws —2w3) 0% + (2k + 2w —4ws) 6%)
= 0, (A.23)

871'3 1 y
ows  4+80—6602—1003+464
(—2a—2k+4ws + (—2a — 4k —w; —wy +8w3) 6

+ (2a —wy —w2) 0% + (2a+ 2k — 4w3) 6%)
Lo (A.24)

Solving (A.22)-(A.24) leads to the equilibrium wholesale prices as depicted in Table 2, which
we insert into the residual equations to obtain the resulting equilibrium prices, quantities, and

profits, such as summarized in Table 4.

iy v o (k—a)(4+80+62-20%)(4+1160+462—567)

Quantities | O = 05 = 4(1420)(—2—26+62) (8+206—1863+6+26%)
v (a—k)(1+6)(1+6—0%)(8+246+1567—503—26%)

Q5= 2(1426)(2+26—62) (8+206—186%+64426°)

2 2 3 3 4 4 S S 6 6 7 7
Retail prices x _ & _ A8a+16k-+148a0+76k6+16a0%+112k62—249a03+25k0% —77a0"—59k64 +121a6° —25k6°+3a05+9k6°—10a07+2k0
etailprices | p1 =1, 4(2+20—67) (8+200—1867+6%1265 )
pi= 24a+8k+72a0+40k0+59%6°+5a6>— 119403 +7k63 —33a0* —35k6*+ 55263+ 6k65 —4a07 —7k63
3 2(2+26—6) (8+200—1863+6%+263)

(a—K)*(1-6)(4+86+62—26) (4+110+462—56°)’
4(1+26)(2+26-62) (842001863 + 64 +265)”
(a—K)*(1-6)(14+6)(1+6—62) (8+246+1502—563—26)
4(1+26)(24+260-62) (84200186 +64+265)

* *

Manufacturer | 7 = 75

Profits Ty =

(a—k)>(1-6) (4+860-+67—26%)" (4+110-+467—56%)”
8(1426)(2+20-62)"(8+200—1863+64+265)”
(a—K)*(1-6)(14+6)(1+6—62)7 (8+240-+1562—563—20*)’
4(1+26) (2+20-62)° (84200 1863+644265)°

*

Retail profits | 73 =

*
g =

Table 4: Equilibrium values distribution system (A, A, B)

The assumption a > k ensures non-negativity for all equilibrium market entities.

The producer surplus includes the profits of all firms in the market:

PS* = m{+m + 73+ my+ 7
(a—k)*(1—6)As
8(1+26)(2+26 —62)* (84200 — 1863 + 64 +265)>

where A3 is defined as

Ay = 11524102400 + 3579267 + 5811263 +304226* —320346° — 4387365
—124007 + 167886°% +28660° —28330'° —3760'! 1 1560'2 + 16013,
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The consumer surplus is provided by CS} = a_sz 07, CS; = a—2p§ 0, and CS; =

respectively as

CS* = CS;+CS3+CS;=
(@—k)*(1+6)(4+80+6%—26%) (4+ 110 +46% —56%)
32(1+26)(2+26 — 62)°
(16 +600 +520% — 2763 —320* + 763 +209)
(8200 — 1863 + 64 +265)°
+(a—1<)2(1 +0)(14+60—6%) (84240 +150%—50° —26%)
8(2+26 — 62)°
(8+246+116%—156° —56*+36)
(8200 — 1803 + 64 +265)*
(a—k)* (1+6) A4
16(1+26) (24260 — 62)* (8+200 — 1803 + 64 +265)>

= 2X

X

X

where A4 is denoted as

Ay = 384+332860 + 1112002 + 163846° +50980* — 134260° — 119756°
1305407 + 543408 —2720° — 973010 1+ 52011 1+ 440!2,

Social welfare amount to

—k)*A
W* = PS'+CS* = a— k)25

a—p§
2

16 (1+26) (2426 — 62)* (84200 — 1863 + 64 +265)*

where As is denoted as

)

03,

As = 26882188860 + 6555202+ 7214403 —338986* — 1332400° —490796° + 7634567

+4454408 —2268260° — 126436010 +39930'! + 116002 — 2360'3 — 32014
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A.3. Casec) - (A,A,AB)

Suppose that two manufacturers sell their goods exclusively to one retailer and that one man-
ufacturer sells to both retailers. This implies the distribution systems (A,A,AB), (A,AB,A),
(AB,A,A), (B,B,AB), (B,AB,B), and (AB,B,B). Following, we describe distribution system
(A,A,AB) as depicted as Case c) in Figure 2.

The profits of retailers R4 and Rp are provided by

mta = (p1 —w1)Q1+ (P2 —w2) 02+ (Pa3 — W3)qa3, (A.25)

g = (pB3 —W3)gB3- (A.26)

Inserting (4)-(6) into (A.25), provides

(p1—wi1)(@a—p1—(a+p1—p2—p3)0)

T =
4 1+6—262
+(p2—W2) (a—p2—(a—pi+p2—p3)0)
1+6-202
+(paz —w3)qas. (A.27)
Notice that (A.14) is strictly concave in p; because of Pmy _ my . 2140) () Ny

ap? — dps -~ 1+6-202
mizing (A.14) yields the corresponding first order conditions (FOCs):

omy  a—2p;+w;—ab —2p10+42p260+p30 +wi10 — w0 Lo
op1 (1-6) (1+26) o

omy  a—2py+wr—ab+2p10—2pr0+p30 —wi10+wr0 Lo
opr (1-6)(1+20) -

which respectively characterize the monopoly price of good 1 and good 2 as depicted in Table 1.

Notice that the equilibrium retail price for good 3 is driven down to marginal costs due to the
price competition in the market for good 3.
Inserting the equilibrium prices into the demand for the respective good from (10)-(12) yields

their demand in equilibrium:

_a—wi—ab —wi0+w0+ws30

_ A28
Qi 2(1—6) (1+26) ’ (A.28)
a—wy—ab+wi10 —wy0+ws30
_ A.29
0 2(1—6) (1+26) ’ (&.29)
2a—2 2] 0 —2w30 —2a 6% +2w3 62
05— a—2wz+wi0+wp w3 a0 +2ws . (A.30)

2(1—6) (1+26)
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Inserting (A.28)-(A.30) into (13)-(15) yields

(k—wy) (—a+w;+ab+wi0—wy0 —ws30)
= A.31
& 2(1—6) (1+26) (&-31)

(k—wp) (—a+wy+ab —wi0+w0 —ws30)

) = A.32
2 2(1-6) (1426) (A.32)
k— —2a+2w3 — w10 — w0 +2w30 +2a 6% — 2w; 62
s — (k—w3) ( a+2wz —w10 —wy0 +2w30 +2a w3 ) (A33)
2(1—06)(1+206)
Notice that (A.31)-(A.33) are strictly concave in wy, wp, and w3 because of %2—;%‘ = —‘?;—v:%z =
146 P?m _ 2(1+(1-6)0)
o) (rze) < Oand 505 = — e <0.
Maximizing (A.31)-(A.33) results in the following FOCs, respectively:
—2wy — -2
om :a+k w1 —ab +k0 w10 +wy0 +w36 ;07 (A34)
owq 2(1—-06)(1+26)
8712:a+k—2w2—a6+k9—|—w16—2w29+W39 ;0, (A35)
owy 2(1—06) (1+26)
Om3 _ 2a+2k—4w3+2k60 + w10 + w20 — 4w —2a6? —2k6? +4w; 62 Lo (A36)

ows

2(1—6)(1+260)

Solving (A.34)-(A.36) leads to the equilibrium wholesale prices as depicted in Table 2, which

we insert into the residual equations to obtain the resulting equilibrium prices, quantities, and

profits, such as summarized in Table 5.

The producer surplus includes the profits of all firms in the market:

PS* =

T+ 7w+ 4T+ T
(@—k)* (1—86) (20926 + 13162 +386° —386* — 166° — 6°)
2(1+426) (4466 —362 —263)° '

The consumer surplus is provided by CS} = @Q*, CS; = @Q;, and CS; = #Q;,

respectively as

cs* =

CSt +CS5+CS;
(@—k)?*(1+6) (2+360—62) (2+76 +562—36° — 6%)
- 8(1+26) (4466 —362 —203)
(a—k)* (1+6—6%) (2+46+62) (2+46 —6)
2(1426) (4+66 —362—263)°
(a—k)* (124640 +1096% +396° — 546* —300° +76° +-30”)
4(1+26) (4+66 —362—263)

bl
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Social welfare amount to

(a—k)* (5242080 + 18762 — 14763 — 2060* 4 1465 +376° +567)
4(1420) (4+66 —362—263)° '

W*=PS*+CS* =

. « _ w_ (a—k)(1+6)(2+30—067)
Quantities 01 == J120) (4166367 289)
«  (a=k)(1+6—6%)(2+46+6?)
Q5 = (1426)(4+66—302—-26°)
x _ 6a+2k+5a0+7k0—11a6%+5k0%—ab’ —3k6° +ab*—k6*

o .
Retail prices Pl = D> 2(4+60-36726°)
pi = 2a+2k+2a0+4k0—3a0°—a63—k6°
3 (4+66-362-263)

(a—k)2(1-0)(1+6) (2+30—62)°
2(1+20)(4+60—362-263)°
_ (a—k)*(1-0) (1+6—6%) (2+46+62)
3 (1420)(4460-362-203)°
(a—k)*(1-0)(1+6)? (2+30—62)°
2(20+1)(4+60-362-263)°

Manufacturer profits | 7] = 7; =
2

Retail profits Ty =

Table 5: Equilibrium values distribution system (A,A,AB)

The assumption a > k ensures non-negativity for all equilibrium market entities.
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A.4. Cased) - (A,AB,B)

Suppose that two manufacturers sell their goods exclusively to one retailer and one manu-
facturer sells to both retailers. This implies the distribution systems (A,B,AB), (A,AB,B),
(AB,A,B), (B,A,AB), (B,AB,A), and (AB,A,B). Following, we describe the distribution sys-
tem (A,AB, B) as depicted as Case d) in Figure 2.

The profits of retailers R4 and Rp are provided by

A = (p1—w1)01 + (Pa2 — w2)qa2, (A.37)
g = (pp2 —w2)qp2 + (p3 — w3) Q5. (A.38)
Inserting (4)-(6) into (A.37) and (A.38), respectively, provides

~ (p—w)(a—pi—(a+p1—pr—p3)0)
Ty = 1 40_202 + (Pa2 —w2)qa2, (A.39)

(p3—w3)(a—p3s—(a—p1—p2+p3)0)
1+6—262

g = (sz —w2)gm + . (A.40)

(927'[,4 — 9271'3 —
ap% ap5

Notice that (A.37) and (A.38) are strictly concave in p; and p3 because of

— li(éfggz < 0. Maximizing (A.39) and (A.40) yields the corresponding first order conditions
(FOCs):

omy _ a—2p1+w;—ab —2p16+ p60+ p360+w,0 ;O

api (1—6)(1+206) ’

omy  a+ws—2p3—ab+p16+p20—2p360+w3b |

op; (1-6)(1+20) 7

which respectively characterize the monopoly price of good 1 and good 3 as depicted in Table 1.
Notice that the equilibrium retail price for good 2 is driven down to marginal costs due to the
price competition in the market for good 2.

Inserting the equilibrium prices into (10)-(12) yields the goods’ demand in equilibrium:

_ (146) (2a—2w; +ab —4w 0 +2wy0 + w36 —3a 0% —w) 6% + 3w, 6% + w3 6)
b (1-0) (2+6) (1+20) (2+36) ’
(A.41)

B 2a—2wy+ab + w10 —3wr0 + w30 —3a 0%+ w; 8% +wy 602 + w3 62
2T (1—6) (2+6)(1+26) ’

(A.42)

_ (146) (2a—2w3+ab +wi 60 +2wy0 —4w36 —3a 6%+ w) 6% 43w, 62 — w3 62)
T (1—6) (2+6) (1+26) (2+36)

(A.43)
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Inserting (A.41)-(A.43) into (13)-(15) yields

(wi—k) (1+0) (261—2W1+ae—4W19+2W29+W39—36192—W1 92+3W292—|—W392)
T = ,
: (1—0)(2+6) (1+26) (2+36)

(A.44)

(w2 — k) (2a— 2wy +aB + w10 —3wr0 + w30 —3a 02 +w; 6% +w; 6% + w3 62)
m = ;
2 (1-6)(2+6) (1+26)

(A.45)

(w3 —k) (1+0) (2a—2w3+ab + w10 +2w20 —4w36 —3a 02 +w; 6% + 3w, 6% — w3 62)

T =
3 (1—6)(2+6) (1+26) (2+36)
(A.46)
Notice that (A.44)-(A.46) are strictly concave in wy, wy, and w3 because of % = % =
1 3
2(1+6)(62+46+2) N2 2(2+36—67)
—-ejare)i2e)23e) < 0and avfgz = —(eeronize <O
Maximizing (A.44)-(A.46) results in the following FOCs, respectively:
o ! % (2a+ 2k — 4wy + (3a+ 6k — 12wy + 2wa +w3) 0
-— = a —4w a — 12w wy+w
owi 44120 +362— 1363 — 667 ! P
4 (=2a+ 5k — 10wy + 5w 4 2w3) 0% + (=3a+k— 2w + 3wy +w3) 6%)

L 0, (A.47)
om B 2a+2k—4wz—(—a—3k—w1+6wz—W3)9+(3a+k—w1 —2W2—W3)9 LO
owy 24360 —362-263 -

(A.48)
o3 ! X (2a-+2k — 4ws + (3a+ 6k +wi + 2wy — 12w3) 0
— = a — a w wy — 12w
dws  4+120+362— 1363 —60° w3 AT

+ (—2a+ 5k 42wy 4 5ws — 10w3) 0% + (=3a +k+wi + 3wy —2w3) 6°)
(A.49)

= 0.

Solving (A.47)-(A.49) leads to the equilibrium wholesale prices as depicted in Table 2, which
we insert into the residual equations to obtain the resulting equilibrium prices, quantities, and

profits, such as summarized in Table 6.
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. a—k)(1+6) (24+46+67) (4+86+6%)
Quantities Qi =05= 2+9)(1+29)(8+266+1762—993—494)
«  (a=k)(2+30)(24+36—6%)(4+96+367)
QZ— (2+9)(1+29)(8+266+1792+993+494)
* % _ 12a+4k+36a0+24k0+11a6°+49k0°—37a03+36k03 —20a0*+3k0* —246° —2k6°

Retail pri =pt =
ctail prices P1="3 (2+6)(8+266+1762-963—46%)
pi= 8a+8k+22a0+30k0+3a0%+31k0%—24a03+6k03 —9a0*+ k0%
2 2(8+2660+1762-963—464)

(a—K)*(1-6)(1+6)(2+30)(2+40+62) (4+86+62)°
4(2+6)(1+20)(84260+1762—963—464)”

 (a—K)*(1-6)(2+30)(2+360—62) (4+96+362)

27 4(2+0)(1420) (8+260+1762—96°) 464

. —k)2(1-6)(1+6) (2+46+62)" (4+86+62)°

Retail profits T = eh) (2 (1) ) 2

4(246)°(1426)(8+260+1762—963—464)
o _ (a=k(1-0)(1+6)(2+40+62)" (4+80+6°)”
B 4(2+9)2(1+26)(8+266+1762—963—494)2

Manufacturer profits | 7} = 73 =

Table 6: Equilibrium values distribution system (A,AB, B)

The assumption a > k ensures non-negativity for all equilibrium market entities.

The producer surplus includes the profits of all firms in the market:

(a—k)*(1-6) 2
4(2+0)% (1+26) (8+2660 + 1762 — 963 —464)*’

PS" = mi+m+n;+m,+ap=

where Ag is denoted as

A = 640+ 58880 +225440% + 463200 + 547840% 4369286 + 128016°
+139367 —3210% —736°,

The consumer surplus is provided by CS} = a%mQ*, CS; = @Q;, and CS; = #Q;,

respectively, and social welfare amount to:

CS* = CSj+CS5+CS;
(@—k)* (1+6) (2+46+62) (4+80+62) (4+160+176%+26° — 6%)
- 4(2+6) (84260 + 1762 — 963 — 464)*
(a—k)* (2+30) (2+36 — 62) (4+96+362) (84300 +310%+66° +6%)
i 8(2+6) (1+26) (8+266 + 1762 — 963 —464)
(a—k)*Ay
8(2+6)7 (1+26) (84260 + 1762 — 963 —464)*’

where A7 is denoted as

A7 = 384438400 + 1608002 +363840° + 477600 + 360640 + 142090°
+1866607 + 448068 —1700° — 17610,

35



(a—k)*Ag
8(2+6)2 (1426) (84260 + 1762 —963 — 464)*’

W* = PS"4+CS* =

where Ag is denoted by

A = 1664+ 143360 + 4939262 + 8393607 + 646886+ + 35207 — 340456°
—2095007 — 38766% +3260° +1296'°.
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A.5. Case e) - (A,AB,AB)

Suppose that two manufacturers sell their goods non-exclusively and one manufacturer sells
exclusively to a retailer. This implies the distribution systems (A,AB,AB), (AB,A,AB), and
(AB,AB,A), (B,AB,AB), (AB,B,AB), (AB,AB,B). Following, we describe the distribution
system (A,AB,AB) as depicted as Case e) in Figure 2.

The profits of retailers R4 and Rp are provided by

s = (p1 —w1) 01+ (paz — w2)qaz + (pa3 — w3)qas, (A.50)

mg = (pp2 —w2)gB2 + (PB3 — W3)gB3- (A.51)

Inserting (4)-(6) into (A.50) provides
(p1—w1)(a—p1—(a+p1—p2—p3)0)

1+6—262
+(paz2 —w2)qaz + (pa3 — w3)qas. (A.52)

T4 =

Pmy _ 2(146)
apr 146267
(A.52) yields the corresponding first order condition (FOC):

Notice that (A.52) is strictly concave in p; because of

< 0. Maximizing

—2p1 — -2 !
Ay _a+wi—2p a6 —2p10+pr60+p36+w6 =0, (A.53)
Ip1 (1-6)(1+26)

which characterizes the monopoly price of good 1 as depicted in Table 1. Notice that the
equilibrium retail price for good 2 and good 3 is driven down to marginal costs, respectively,
due to the price competition in the market for good 2 and good 3.

Inserting the equilibrium prices into (10)-(12) yields the goods’ demand in equilibrium:

_a—wi—ab —wi0+w0+ws30

_ A.54
Qi 2(1—6) (1+26) ’ (&.54)
2a— 2wy +ab + w10 —4wr0 +2w30 — 3a 0% + wy 0% — wy 62 + 3w; 62
0 = ,  (AS5)S)
2(1—6) (1406) (1+26)
2a—2ws+ab + w10 +2wr0 — 4w30 — 3a 0% + wy 0% + 3w, 02 — w5 62
03 = . (A.56)
2(1—-0)(6+1)(1+206)
Inserting (A.54)-(A.56) into (13)-(15) yields
k— — — —
T = (k—wy) (—a+w;+ab+w;0—wy0 —ws30) (A.57)

2(1—6) (1+26) ’
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 (k=w2) (—2a+2wy —ab — w0 +4w20 —2w30 +3a6% — w62 +w; 62 — 3w367)
"= 2(1—6)(1+6)(1+26)

b

(A.58)

(k—ws3) (—2a—|—ZW3—a9—w19 —2w20 +4w30 +3a 6% —w; 0% — 3w, 6% + w3 62)

= 2(1—-6) (1+0) (1+26)
(A.59)
Notice that (A.57)-(A.59) are strictly concave in wy, wy, and w3 because of %2;21 =— (1_91)?19 20) <
1
Iim _ IPmy 2+46+62
Oand 53 = 3.3 = ~ti=a)i+oy+2e) <
Maximizing (A.57)-(A.59) results in the following FOCs, respectively:
om :_61+k—2W1—a9+k9—2W19+W29+W39 ;O, (A.60)
awy 2(1—-0)(1+26)
Omy  2a+2k—4ws+ (a+4k+w — 8wy +2w3) 0+ (—3a+k+wi — 2wy +3w3) 62 | 0
dwy 2146 —262— 463 =0,
(A.61)
Om3  2a+2k—4ws+ (a+4k+wi +2wy —8w3) 0+ (—3a+k+wi + 3wy —2w3) 62 | 0
ows 2+460 202463 -
(A.62)

Solving (A.60)-(A.62) leads to the equilibrium wholesale prices as depicted in Table 2, which
we insert into the residual equations to obtain the resulting equilibrium prices, quantities, and

profits, such as summarized in Table 7.

« _ (a—k)(4+100+56%)

17 8(1+26)(2+36-62)

« o (a—k)(4+70)(2+46+67)

0 =05= 8(6+1)(1+26)(24+36—62)

s _ 12a-+4k+18a0—15a0%+22k0+31k6°—15a6°+7k6°

Quantities (0]

Retail prices D] 3(1+-6)(2.36-67)
pi = pi = datdk+3a019k0—Ta 62+3k6>
273 4(2+30-02)

—k)* (1-6)(4+100+50%)°
Manufacturer profits | 7] = (a—k)* (1-6)( )2
32(1+0)(1+26)(2+36—62)

(a—k)*(1-6) (4+70)* (2+4+620)
32(146)(1+26) (2+30-62)°

(a—k)? (1-0)(4+100+562)°

64(140)(1+26)(2+36—62)

=0

*

o —
=1 =

*

Retail profits T, =

Table 7: Equilibrium values distribution system (A,AB,AB)

The assumption a > k ensures non-negativity for all equilibrium market entities.
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The producer surplus includes the profits of all firms in the market:

PS* = mi+m+m+m,+7p
(a—k)* (1—0) (176 +9448 + 177262 + 13086° +2716*)
64(140) (1+26) (2+36 —62)* '

a—pj a—p} a—p;3

The consumer surplus is provided by CS] = —-10Q7, CS5 = —205, and CS3 = —203,

respectively, and social welfare amount to

CS* = CS}+CS3+CS;
(a—k)* (44100 +56%) (44226 +310%+76°)
128(1+6) (1+260) (2+36 — 62)*
(@a—k)*(4+76) (2+46+67) (4+90 +36?)
64(1+6)(1+26) (2436 — 62)°
(a—k)* (144 + 8960 + 205262 +20726° +8610* + 1196°)
128(1+6) (1+26) (2+36 —62)*

+2 %

Y

(a—k)* (496 + 24326 + 370867 + 11440° — 12136* — 4236)

W* =PS* +CS* = 5
128(1+6) (1+26) (2+36 — 62)
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A.6. Casef)-(AB,AB,AB)

Suppose a market in which each manufacturer sells to both retailers in the distribution systems
(AB,AB,AB) as described in Subsection 2.3 and Subsection 2.4. This distribution system is
depicted as Case f) in Figure 2. An overview about the equilibrium values in the non-exclusive
market distribution (AB,AB,AB) is provided in Table 8.

Turning to the upstream market, inserting (10)-(12) into (13)-(15) yields

(wi—k)(a—k)(14+6)
= A.63
& 2(1+26) (A.63)
(w2 —k) (a—k)(146)
= A.64
& 2(1+26) (A.64)
(w3 —k)(a—k)(1+6)
_ A.65
& 2(1+26) (A.65)
Notice that (A.63)-(A.65) are strictly concave in w; because of 9 ”’ = % < 0. Max-
imizing (A.63)-(A.65) results in the following FOCs, respectlvely
om :a+k 2w —aB + kB —2w10 +w20 +w30 LO (A.66)
owq (1—-6)(1+206)
0 k—2wy—ab +k6 6 —2w,6 0
y[%) _ a-+ wy —ab + k0 +wq w0 + w3 ! 0, (A67)
owy (1—6)(1+26)
0 k—2ws—a0 +k6 0 6 —2w30
3 _ a-+ w3z —al +k0 +wi;0 +wy w30 Lo (A.68)

(1—6)(1+206)
Solving (A.66)-(A.68) leads to the equilibrium wholesale prices as depicted in Table 2, which

we insert into the residual equations to obtain the resulting equilibrium prices, quantities, and

profits, such as summarized in Table 8.

Quantities 01=0,=05= a0 JS;)B)
Retail prices Pl =Ds=D3= athk (2a k)6
Manufacturer profits | 7y = 5 = 713 = (a— )2((11 +269))(1+9)
Retail profits y=nz=0

Table 8: Equilibrium values distribution system (AB,AB,AB)

The assumption a > k ensures non-negativity for all equilibrium market entities.
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B. Mutually best responses

In Lemma 3, we first examine the best responses of manufacturer i to manufacturer j’s strate-
gies depending on 6. Subsequently, we derive the Nash equilibrium distribution system of
Proposition 1.

Since the game is symmetric across players, it suffices to determine the set of best responses of

manufacturer M; to any strategy s; of manufacturer M.

Lemma 3. Let i, j, and [ (i # j # 1) denote manufacturers i, j, and [, respectively. Independent
of manufacturer s strategy, there exist 0 € (0, 0), with 8 < 0, such that the best responses of

i and j are described as

M;
A B AB
A NBR ; NBR NBR ; NBR NBR; 6 € (6,0)
M; | B NBR ; NBR NBR ; NBR NBR; 6 € (6,6)
AB | 0€(0,6);NBR | 0c(0,0);NBR | 0<(0,0);0¢c(6,0)

Note: The given 60 interval states when the respective strategy is a best response; NBR = Never best response

Proof of Lemma 3:
Without loss of generality, let i = 1, j = 2, and / = 3. First, consider manufacturer M3 plays
s3 = A. Notice that the comparisons for s3 = B are analogous.
Provided that M, plays s, = A, strategy 51 = A is strictly dominated by s; = AB since a > k and
0 € (—0.5,1) as indicated by

LAAA) __(ABAA) _ (a—k)z(l—e)(1+29)(16+329+492—893—594—95)<O
! : 8(4+66 — 302 —263)>

Thus, it is sufficient to compare EI(B’A’A) and EI(AB’A’A). We have for 6 € (—0.5,1) due toa > k

and 6 € (—0.5,1)
AT = nl(B7A7A) _ n_l(AB7A7A)
(@—k)*(1—6)(1+6—6%) A

= — <0,
4(1+20)(2+26 — 62) (4+66 —302—26%)%(8 4200 — 1803 + 64 +205)*

where A;¢ is denoted by

Ao = 1024+ 102400 + 3993602 4+ 691200° +2136060* — 1016640° — 1247326°
41558407 + 9941508 +281050° — 3077900 — 138090'! 1 341602
+2288013 +120'* — 12801 — 16066,
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Second, consider M, plays s, = B. Manufacturer M;’s profit in distribution system (A, B,A) is

the same as in distribution system (B, B,A). Thus, it suffices to compare the following:

ABA AB.B.A
An:{’ — nl(”)—nl( ,B,A)

(a—k)*(1—6) A
4(2+6) (2426 — 62) (8+260 + 1702 — 903 — 464)* (8 +200 — 1863 + 04 +265)*’

where A;; is denoted by

A1 = 8192+ 1105920 + 63283262 + 194099267 + 31810246% + 173006467 — 30008000°
— 580873607 — 220667808 +29636510° +28872960'° — 1906110'! — 1060310612
183373613 4 1788900'* 1 4864401 — 144690'° — 46850'7 +4590'% 1+ 1620"°.

We observe An? < 0 for 6 € (—0.5,1) because of a > k and 6 € (—0.5,1).
Finally, suppose M, plays s» = AB. Then, strategy s; = A is again strictly dominated by
s1 =ABsince a > k and 6 € (—0.5,1) as depicted by:

AJIIC — EI(A’AB’A) . EI(AB’AB’A)
(a—k)*(1—6)A1n

<
32(1+6)(2+36 —62)*(4+66 —362 —263)*

where A, is denoted by

Adn = 256+ 17920 +43846% +33600° —28880* — 570407 — 17460°

+122087 +8336° +906°.
As before, it thus suffices to compare 71:1(3 AB.A) and ﬂl(ABAB?A). We have for 6 € (—0.5,1)
Aﬂ]d = nl(B’AB’A) _ n_l(AB,AB,A)

(@—k)*(1—-8) (2+46+6%) A3 _
32(1+6)(2+6)(1+26) (2436 — 02)*(8 4266 + 1762 — 963 — 46%)*

where A;3 is denoted by

Az = 1024+ 107526 + 4608007 + 9996867 + 1023446* + 57560° — 9263465
—81743607 — 166646% +102016° + 568800 + 7606,

since the terms in parentheses and A3 are strictly positive because of a > k and 6 € (—0.5,1).

The best responses of manufacturer M, to manufacturer M;’s strategies are analogous due
to the symmetry between firms. The analogous comparisons apply for the case that M3 plays
s3 =AB.
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Thus, distributing non-exclusively is a mutual best response. Depending on M3’s distri-
bution choice, the arising distribution system might be then distribution system (AB,AB,A),
(AB,AB,B), or (AB,AB,AB).

Proof of Proposition 1:
Manufacturer M3 has the same profit in distribution system (AB,AB,A) as in distribution

system (AB,AB,B). Thus, it is sufficient to compare ngAB’AB’A) and 7173(AB7AB7AB) . We find

AB,ABA AB.ABAB
An3€ = 7[3( y ¥ ) _ 7[3( ¥ ¥ )

(@a—k)*(1—6) (16+800 + 1246% +286° — 730* — 3205 1-86°) .
32(146)(1+26) (2436 — 62)*

for O € (—0.5,1) since the terms in parentheses are strictly positive because of a > k and
0 € (—0.5,1).

It follows directly from Lemma 3 and the above comparison that s3 = AB is a best response
tos; =A,B,ABand s, =A,B,AB for 6 € (—0.5,1). Thus, the distribution system (AB,AB,AB)
constitutes a Nash equilibrium.

43



C. Other comparisons

C.1. Deviation from (AB,AB,AB) to (A,A,A)

2
We have g ABABAB) _ p(AAA) _ (“_k)g((f;§g§1+9) > 0 for 6 € (—0.5,1) since the terms in

i i

parentheses are strictly positive because of a > k and 6 € (—0.5,1) with i = {1,2,3}.

C.2. Equilibrium quantities and equilibrium prices

AAB ABA.B k—a)(1—0)0(1+20)(16+600-+380%—7463—-700*+136°+965
(AA,B) (ABAB) _

Consider Awy =w, ™ —w) 2(87266+1767-96°—467) (812091867671 26%) LIS

has a unique root ) in (—0.5, 1), which is given by 6; = 0. We have Aw; > 0 for 8 € (—0.5, ;)
and Aw; < 0 for 6 € (6y,1).
We have
AB,ABAB AAA a—k)(1+6
pABABAB) _ (a4a) _ _( )4( ) <o,
(ABABAB) _ (aA4) _ (a—k)(1+6)
. — 0 A7 S A
Qi Qi a(1+20)
AAB ABA.B
a0 = oM -t
(a—k) Ay

p— —_— 0
4(2+6)(2+26—62) (842601 1762 —96° —407)(8 1200 — 1863 + 67 1 265)

where Ag is defined by

Ao = 256-+17920 +4336602 +300860° —35920* — 54766 + 1356°
+226307 +796% —3476° —46'° + 180!,

for 6 € (—0.5,1) since the terms in parentheses, same as Ag, are strictly positive because of
a>kand 6 € (—0.5,1) fori = {1,2,3}.
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D. Consequences of a manufacturer’s strategy choice on

profits

Lemma 4 describes the consequences of a manufacturer’s strategy choice on his and the re-

maining manufacturers’ profits for certain ranges of 6.
Lemma 4. Let i, j, and l (i # j # [) denote manufacturers i, j, and l, respectively. Then,

a) any manufacturer j and l is worse off for strategy st = {AB} than for any strategy s; =
{A,B} for 6 € (0,0),

b) each manufacturer i that is multilaterally choosing any strategy s; = {A,B} is better off
than choosing strategy s = {AB} for 6 € (6,,9).

Moreover, we have 0 < él < 0, where él ~0.9018 and 6 = 1.

Proof of Lemma 4 Part a):

For strategy s* = {AB}, manufacturers j and [ are worse off than if manufacturer i played
any strategy s; = {A, B} for € (0,0), which is indicated by the following profit comparisons.
Without loss of generality, letbe i = 1, j =2, and [ = 3. We have

Aﬂg _ ﬂ_z(A,A,B)_ﬂz(AB,A,B)

(a—k)*(1—6)6%A4
4(240) (2420 —02) (8+260 + 1702 —903 — 404)*(8+200 — 1803 + 64 +265)*

while A,4 is defined as

A4 = 1024+ 143360 + 8604802 +2859360° + 55926460 + 6028166° + 1989020°
—303667607 — 37344008 — 922056° +852900'° + 576910 + 168462
8259013 —18640'* + 3110 +1210'° +60"7.

This has a root at éZa ~ —0.3701 and a root at é2b =0in (—0.5,1). We have Aﬂg < 0 for
6 € (—0.5,6y,) and A} > 0 for 6 € (624, 6] and 6 € [, 1).

An{ _ n}gA,A,B)_T%(AB,A,B)

(a—k)*(1—0)6(1+0) A5
4(2+60) (2426 — 62) (8+260 + 1762 — 963 — 464)* (8 + 200 — 1863 + 64 +265)*’

while A5 is defined as

Ais = 4096 +4966460 + 25318462 + 6862086° +9905926* 4 5105046° — 5377086°
—880758607 — 18811308 +3443576° +17156360'° —581860!! — 42687602
+33210"3 +47410' +2186" —2050'° —260'7.
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This has a unique root 65 in (—0.5,1), which is given by 63 = 0. We have Aﬂ:{ <0 for 6 €
(—0.5,63) and Az} > 0 for 6 € (63,1).

g — pBAA)_ (ABAA)
An; = m, — T,

(a—k)*(1—6)0L
4(1420) (2426 — 62) (4+60 —302—263)%(8+200 — 1803 + 64 +205)*’

while Ay¢ is defined as

Me = 5124518460 +2080062 +386566° +200640* — 423360° — 651486°
— 68707 +-4929860°% 1+ 161060° — 182720'° —719701! 1 3824912
11030013 —3420'* — 48015 1 80'°.

This has a unique root 84 in (—0.5,1), which is given by 85 = 0. We have An5 < 0 for 6 €
(—0.5, é4) and ATy > 0 for 6 € (94, 1). Manufacturer M3’s profit comparison is analogous.

A,AB,B AB,AB.B
Aﬂél E nz(’ ¥ b ) _ nz(’ ¥ R )

(a—k)*(1—6)0A17
32(1+6)(246) (1+26) (2+36 — 62)*(8 4266 + 1762 — 963 — 464)*’

while A7 is defined as

A7 = 2048 +253440 + 13529602 + 40536003 +7412240* + 83946867 + 5661786°
419981407 + 1758108 — 190200° — 1876900 — 86960 — 1432012

This has a unique root in fs in (—0.5,1), which is given by 6s = 0. We have Aﬂé’ < 0 for
6 € (—0.5,65) and Az} > 0 for 6 € (65,1).

A,AB,B AB,AB,B
Amh = gAABE)_ p(aBABS)

(a—k)*(1—06)0A3
32(1+6)(246) (1+26) (2+36 — 62)*(8 4260 + 1762 — 963 — 464)*’

while A3 is defined as

Mg = 1024+121600 + 626560% + 18355260° +3368640* + 40273667 +3150080°
+15249407 + 3050708 — 148360° — 133610 —38000'! — 376012

This has a unique root O in (—0.5,1), which is given by 05 = 0. We have Aﬂﬁ’ <0 for 0 €
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(—0.5,86) and Az} > 0 for 6 € (65,1).

Anﬁ _ EZ(A,A,AB)_R_Z(AB,A,AB)

(@—k)*(1—6)6%(4+76) (3241286 + 13602 — 1263 — 556* —66°)
32(1+6) (2436 — 62)*(4+ 66 — 362 —203)?

Y

which has a unique root 6, in (—0.5,1), which is given by 6; = 0. We have Aﬂé < 0 for
6 € (—0.5,6;) and Az} > 0 for 6 € (B, 1).

LAAAB) _(ABAAB) _ (a—k)*(1—6)6 (2+46+62) Ay
32(1+6) (2436 — 62)*(4+66 — 302 —263)*

3 3 =
while Aq9 is defined as

Ao = 12846246 +91260%+19660° —33260% —730° —586° — 1667,

which has a unique root g in (—0.5,1), which is given by 63 = 0. We have nS(A’A’AB) <

2 BA4B) for 0 € (~0.5,65) and AP > gAPAAB) for g ¢ (B, 1).

C(AABAB) __(ABABAB) _ (a—k)*(1-6)0(16+740 +1246% +976° +326* —86°)
2 2 B 32(146)(1+26)(2+36 — 62)2 ’

which has a unique root @y in (—0.5,1), which is given by 69 = 0. We find néA’AB’AB) <
ﬁéAB’AB’AB) for 6 € (—0.5,69) and ﬂéA’AB’AB) > nz(AB’AB’AB) for 6 € (6o, 1). Manufacturer M3’s

profit comparison is analogous.

We further observe that for joint strategies s; = {AB} and s7 = {AB}, manufacturer / is worse
off than if manufacturers i/ and j played any strategy s; = {A,B} and s7 = {A,B} for 6 € (0,9),
which is indicated by the following profit comparisons. Let againbe i=1, j =2, and [ =3

without loss of generality. We have

(AAAB) __(ABABAB) _ (@a—k)*(1—6)6 (16+686 +886%+230% —250* — 200° — 46°)

& - B 2 _1pg3)2 ’
4(1426)(4+66—360%—-267)
which has a unique root ;¢ in (—0.5,1), which is given by 610 = 0. We have 7r3(A’A’AB) <
7173(AB’AB’AB) for 6 € (—0.5,6;9) and 7r3(A’A’AB) > ns(AB’AB’AB) for 8 € (819, 1).
(A.BAB) _(ABABAB) _ (a— k)2 (1—6)0Ay

2(240) (1+26) (84260 + 1762 — 963 — 464)>’
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while Ay is defined as

o = 6445120+ 165607 +27600° + 24846 +110560° +926° — 13767 — 606% — 86°,

which has a unique root 61 in (—0.5,1), which is given by 6;; = 0. We have 7r3(A’B’AB) <
ﬁgAB’AB’AB) for 6 € (—0.5,6;1) and 7r3(A’B’AB) > ﬂgAB’AB’AB) for 0 € (6y1,1).
An:; _ n3(A7B,A) B n_3(AB7AB7A)

(a—k)*(1—6)02y
32(146)(1426)(2+30 —02)*(2+26 — 62) (8+200 — 1863 + 64 +265)*

while A,; is defined as

A = 1024+ 113926 453504602 + 13587260° + 1944646* + 1344080° — 142326°
—10399207 — 7402408 — 26966° 42705600 + 117986 — 3650012
—241560"3 +3000' +1000",

which has a unique root élz in (—0.5,1), which is given by 912 = 0. We have A7t3{ < 0 for
6 € (—0.5,612) and Az} > 0 for 6 € (612,1).

AAB AB,AB,B
Aﬂ:{; E ﬂ3( » Ry ) _7[3( ¥ ) )

(a—k)*(1—6)6An
32(1+6)(1426) (24360 —02)*(2+26 — 62) (8+200 — 1863 + 64 +265)*"

while Ay, is defined as

Ay = 2048 +235520 + 11366402 +29174403 +40230460* +21376860° — 1547920°
—27473607 — 8269660% + 669286° + 435200'0 —23860!! — 627402
—83960'3 130004+ 6861,

which has a unique root 83 in (—0.5,1), which is given by ;3 = 0. We have Amk < 0 for
6 € (—0.5,013) and Ak > 0 for 6 € (6y3,1).

Proof of Lemma 4 Part b):

For 6 € (61, 0), with 8; ~0.9018, we observe that jointly selling exclusively provides higher
profits than selling non-exclusively for those manufacturers, as shown by the following calcu-
lations. Let againbe i = 1, j = 2, and [ = 3, without loss of generality. We have

(AAAB) _(aBABAB) (@—K)7(0—1)(1+6)(2+46+62) (4+40 —962 —46° +46%)

T d = 2 3)2 ’
4(1+20)(4+60 —302—20°%)
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which has a unique root é|4 in (—0.5,1), which is given by 914 ~ 0.9018. We have nl(A’A’AB) <

g BABAB) for 0 € (—0.5,614) and mMB) > g ABABAB) for 6 ¢ (614,1). Notice that we
refer to 914 as él in the text for notational reasons. Manufacturer M;’s profit comparison is

analogous.

7(ABAB) __(ABABAB) _ (a—k)% (6 —1)(1+6) A
! ! 4(240)(1+26) (84260 + 1762 —963 —40%4)*’

while A,3 is defined as

A3 = 64+4160+90460% +41260° — 11746* — 172560° — 6860° + 8607 + 1046% + 166°,

which has a unique root 6;s in (—0.5, 1), which is given by 6,5 ~ 0.7995. We have n1(A7B7AB) <
EI(AB’AB’AB) for 6 € (—0.5,6;5) and ﬂl(A’B’AB) > ﬂl(AB’AB’AB) for 6 € (6;5,1). Manufacturer M,’s

profit comparison is analogous.

A,AB AB.AB,B
An{ = 71:1( )—nl( AB.B)

(a—k)2(1 — 9)124
32(1+6)(1426) (2436 — 62)% (2426 — 62) (8+2060 — 1863 + 64 +265)*’

while Ay4 is defined as

Ay = —2048 —235520 — 10969660% — 2485766° — 2090240* +2303686° + 6552086°
137408807 —28016860°% — 37288807 — 12988010 + 1160440 +239800!2
—149300'3 —43196'* +8126"° + 196619,

which has a unique root é16 in (—0.5,1), which is given by 916 ~ (0.8982. We have Anf <0
for 6 € (0.5, élﬁ) and AJI{ > 0 for 6 € (é16, 1). Manufacturer M,’s profit comparison is

analogous.

ABA AB.ABA
Arn' = ”1( )_”1( )

(a—k)?(1—0)Ays
32(1+6)(1426) (2436 — 62)% (24260 — 62) (8 +200 — 1863 + 64 +265)*’

while A,5 is defined as

Ays = —2048 —235520 — 10969662 — 2485766° —2090240* + 2303686 + 6552080°
137408807 —28016860°% — 37288807 — 12988010 + 1160440 +239800!2
—149300'3 — 431964 +8126" 4+ 19669,

which has a unique root 6,7 in (—0.5,1), which is given by 6,7 ~ 0.8982. We have Anl' <0
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for @ € (—0.5,6;7) and A" > 0 for 8 € (6;7,1).

A,BA ABABA
Ang’l = 7.52( sy )—77:2( b b )

(a—k)?(1—6) Ay
32(1+46)(1426) (2430 —02)*(2+26 — 62) (8+200 — 1863 + 64 +265)*

while Ayq is defined as

e = —2048—225280 —975360° — 1884160° —531520* + 4382086 + 73456860°
423352807 — 45091268 —3815600° + 566360'° + 1325086 4979662
—175540'% — 274360 +8126'° + 16469,

which has a unique root 8y in (—0.5, 1), which is given by 85 =~ 0.7018. We have Ar}" < 0
for 8 € (—0.5,05) and Anj > 0 for 8 € (6y3, 1).

n(A7A7B) _ E(AB7AB7AB) _ (a— k)2 (1-6)227
! ! 4(1+26) (2420 — 62) (84200 — 1803 + 64 +265)*

while A,7 is defined as

Ay = —64—4160 —8120%+ 19203 +24650* +21900° — 10900°
—1972607 + 5968 +6666° +116'° — 910! +-40'3,

which has a unique root é19 in (—0.5,1), which is given by 919 ~ 0.6954. We have ﬂl(A’A’B) <

Jtl(AB’AB’AB) for 6 € (—0.5,6;9) and nl(A’A’B) > nl(AB’AB’AB) for @ € (f)9,1). Notice that we
refer to B9 as 6, in the text for notational reasons. Manufacturer M,’s profit comparison is

analogous.

LAAB) _(ABABAB) _ (a—k)*(1—6)(1+6) Ay
: : 4(14260) (2420 — 62) (84200 — 1803 + 64 +205)*

while A,g is defined as

dog = —64—3200—2400% +11686° +21616* +436° — 18906°
433607 +6776% +820° —910'0 —40'! +46'2,

which has a unique root 6y in (—0.5,1), which is given by 60 ~ 0.5279. We have 7r3(A’A’B) <
7r3(AB’AB’AB) for 6 € (—0.5,65) and 7r3(A’A’B) > 7r3(AB’AB’AB) for 6 € (650, 1). Notice that we refer

to 920 as é3 in the text for notational reasons.
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E. Comparison producer surplus

Proof of Lemma 1:
Distribution system (AB,AB,AB) has the highest producer surplus of all distribution systems
for 6 € (—0.5,0.2377) due to @ > k and 0 € (8, 8) as shown by following comparisons:

3(a—k)*(146) (360 —1)
(AAA) _ pc(ABAB.AB) _
Ps PS 16(1+26)

This has a unique root 6 in (—0.5,1), which is given by 61 ~ 0.3333. We have PSAA4) <
PSUBABAB) for § € (—0.5,0,1) and PSUAA) > pSUBABAB) for g € (6y,1).

pSAAB) _ pg(ABABAB) _ (a— k)z (6 —1) 22
8(1426)(2+26 — 62)*(8+200 — 1863 + 64 +265)*’

where Ayg is defined as

Ao = 384420486 — 8062 —224000° — 576860* — 4572660 +2659360° + 5740007 + 752468
—248260° —61670'° + 563201 +10020'2 —6100'3 —480'* + 240",

This has a unique root 922 in (—0.5,1), which is given by 922 ~ (0.2849. We have PSAAB) <
PSUBABAB) for § € (—0.5,05,) and PSAAB) > pSABABAB) for g € (6y,1).

APS, = PS(A,A,AB) _ pS(ABAB.AB)
(@a—k)*(6—1)(8+86 —820% —1966° — 1256* +236° +500° 4 1267
4(1+20)(4+66 —362—263)° '

This has a unique root 6»3 in (—0.5,1), which is given by 63 ~ 0.2667. We have APS; < 0 for
6 € (—0.5,6,3) and APS| > 0 for 6 € (623,1).

2
pS(AABB) _ pg(ABABAB) _ (a—k)" (6 —1)A3
2(2+6)2(1+26) (8+266 + 1702 — 963 — 464)*

where Az is defined as

Ay = 6443200 —1126%—41286° — 122360* — 174926° — 136116°
~ 514407 — 6308 +6866° +2280'0 1 249!,

This has a unique root 54 in (—0.5,1), which is given by 6,4 ~ 0.2523. We have PSAAB5) <
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PSABABAB) for § € (—0.5, 654) and PSAABE) > psABABAB) for § ¢ (B4, 1).

APS, = pS(ABAAB) _ po(AB.ABAB)
(@a—k)*(6—1) (164160 — 1886% — 5400° — 5590* — 19263 +-486°)
64(1+6)(1+26) (2436 — 62)° '

This has a unique root 6,5 in (—0.5,1), which is given by 6,5 ~ 0.2377. We have APS, < 0 for
0 € (—0.5, é25) and APS, > 0 for 6 € (925, 1). Notice that we refer to 655 as Oy in the text for

notational reasons.

Distribution system (A,A,A) has the highest producer surplus of all distribution systems for
6 € (0.6694,1) due to a > k and 6 € (6,0) as shown by the previous comparisons and the

following ones:

2
pSAAA) _ pg(AAB) _ _ (a—k)"643
16(1+26) (2+26 — 62)*(8+200 — 1863 + 64 +265)*’

where A3 is defined as

A1 = 512436800 + 892867 +337260° —219046* — 3663807 — 76140°
12766807 1+ 1725208 — 88780° — 747000 + 195501 + 1190612
—2570'3 —600'* +1201.

(@a—k)* (—16— 166 + 6862 +686° — 116* +206° —76° — 667)

pSAAA) _ pg(AAAB) _
16(4+60 —362 —203)*

This has a unique root 6»7 in (—0.5,1), which is given by 6,7 ~ 0.4871. We have PSAA4) <«
PSAAAB) for € (—0.5,657) and PSAAA) > pSAAAB) for § € (67,1).

p§(AAA) _ pg(AABE) _ (a—k)* Az
16(2+6)%(1426) (8 +266 + 1762 — 963 — 464)*’

where A3; is defined as

A3y = —256—217660 — 61926 —32320° +190166* + 469446° +513016°
+33368607 + 1441008 +33520° — 223010 — 3120 — 48612

This has a root ézga, which is given by ézga ~ —0.3402, and a root éng, which is given by
br5, ~ 0.4805 in (—0.5,1). We find PSAAA) > pSAABE) for § ¢ (—0.5,625,) and for 6 €
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(éng, 1) and PS(A’A’A) < PS(A’AB’B) for 6 € (ézga, éng).

(a—k)* (—32—320 + 18462 +2766° + 776 + 450° — 66°)

psAAA) _ pg(ABAAB) _
64(1+6)(2+36—62)°

This has a unique root 69 in (—0.5, 1), which is given by 6> ~ 0.3820. We have PSA-A4) <
PSABAAB) for € (—0.5,659) and PSUAA) > pSABAAB) for ¢ (6y9,1).

Distribution system (A, A, B) has the highest producer surplus of all distribution systems for
6 € (0.3494,0.6694) due to a > k and O € (0, 0) as shown by the previous comparisons and

the following ones:

APS; = PSWAB) _ pgla-AAB)
(a—k(1-6) Ay
8(1+26)(2+20 — 62)%(4+60 — 362 —20%)%(8+200 — 1803 + 64 +265)%’

where A33 is defined as

A3z = —2048 — 1843260 — 4838402 +5862460° + 5899846 4+ 12231046° + 6280726°
—134054467 — 199575868 4 2239460° + 1562911610 45444600 — 59389202
—2965060"% + 1235470 + 6554805 — 1220860'° — 6752607 +3086!8 + 272017
+166%°.

This has a unique root 930 in (—0.5,1), which is given by 930 ~ 0.3260. We have APS3 < O for
6 € (—0.5,630) and APS3 > 0 for 6 € (630, 1).

APS, = PS(AvAvB)_PS(A,AB,B)
(a—k)*(1-6) Az
8(2+6)%(2+26 — 62)7(8 + 266 + 1762 — 963 — 464) (8 + 200 — 1863 + 64 1+ 265)>’

where As4 is defined as

A3s = —32768 —4096000 — 1968128602 — 34795526° + 60577286 + 445166086°
+996322246% 4 104008864607 + 1532052860% —833161126° — 775112026 '°
+9638540'! + 36235437602 1267573863 —72147930'* — 4512764613
+6126150'° +7567460'7 413525608 — 670766'° — 706667 +25346°! + 420022

This has a unique root 631 in (—0.5,1), which is given by 63; ~ 0.3494. We find APS4 < 0 for
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6 € (—0.5,63;) and APS, > 0 for 6 € (63,1).

APSs = pSAAB) _ pglaBAAB)
(a—k)* (6 —1) Ass
64(1+6) (1+26) (2436 —62)*(2+260 — 62)%(8+200 — 1863 + 64 +265)*’

where A35 is defined as

A5 = 8192819200 +2647046% — 716800° — 27902086* — 81301126° — 1016865660°
—272326407 + 736330468 +72606326° — 352712610 —32054160'! — 72750002
1611800013 + 2004480 — 4870805 —228090'° + 137207 195603,

This has a unique root 03, in (—0.5,1), which is given by 63 ~ 0.3083. We have APSs < 0 for
0 c (—0.5,@32) and APSs > 0 for 0 € (932, 1).

Distribution system (A,AB, B) has the highest producer surplus of all distribution systems
for 6 € (0.2667,0.3494) due to k < a and 6 € (8,0) as shown by the previous comparisons

and the following ones.

APSq = PSAAAB) _ pgAABE)
(a—k)* (6 —1) 0236
4(246)*(1+4260) (4+60 —362 —263)* (84266 + 1762 — 963 — 464)*’

where Asg is defined as

Mg = 1024+98560 +357126% +456000° — 6873660* —3495920° — 5867126°
51305807 — 19413608 +6209560° + 11601700 + 6526501 + 20547012
44002013 +4920'* + 32013,

This has a root é33a, which is given at é33a =0, and a root 933;,, which is given at é33b ~0.4543
in (—0.5,1). We have APSg < 0 for 6 € (6334, 033,) and APSg > 0 for € (—0.5,633,) and
0 € (B33, 1).

APS; = PSWAABB) _ pg(ABAAB)
(a—k)*(6—1) A7
64(1+6)(2+6)*(1+20) (2436 — 62)*(8+260 + 1762 — 963 — 464)*
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where A37 is defined as

A7 = 4096 +389126 + 11340807 — 11750463 — 17051526 — 53545600° — 92526086°
~991713607 — 661495608 —24104446° — 4701300 + 4450500'! 42375910612
+570800"3 + 5504014

This has a unique root 834 in (—0.5,1), which is given by 834 ~ 0.2667. We find APS; < 0 for
6 € (—0.5,634) and APS7 > 0 for 6 € (634,1).

Distribution system (AB,A,AB) has the highest producer surplus of all distribution systems
in 0 € (0.2377,0.2667) due to a > k and 6 € (6, 0) as shown by the previous comparisons and

the following ones.

2
pSAAAB) _ pg(ABAAB) _ (a—k)" (0 —1)Ass
64 (1+6) (2436 — 62)* (4466 — 362 —203)*

where Asg is defined as

Aag = 256+102460 —102460% —1113660° —207840* — 148166° — 14566°
+412807 +31990% +7100° +166'°,

This has a unique root 635 in (—0.5,1), which is given by 35 ~ 0.2936. We find PSA-AAB) <
PSABAAB) for g € (—0.5,635) and PSAAAB) . pSABAAB) for g ¢ (655, 1).
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F. Comparison consumer surplus

Proof of Lemma 3.2:

We have

9a—k)*(1+6)*
(AAA) _ ~c(ABABAB) _ _ 0
s €5 2(1+20)

ACS[ = Cs(A,A,B) _Cs(AB,AB,AB)
_ (a—k)*(1-6)(1+6) Az “0
16(1426) (2426 — 02)*(8+200 — 1863 + 64 +265)*

where A39 is defined by

Ao = 1152+101126 +347046° +540326° +216700* — 426646° — 479696° + 51376
+2401568% +23276° — 570000 — 4966 + 6180'% + 24613 — 24014,

ACS, = CSWAAB) _ CgABABAB)
(a— k)’ (1 - 6) (24+ 1360 42906 + 2726° + 596* — 916 — 666° — 1267) _
8(1+26) (4460 —362—263)

CSAABB) _ ~g(ABABAB) _ _ . (a—k)*(1—6) Ay <
4(2+6)%(1+26) (8 +260 + 1762 — 903 — 46%)

where A4 is defined by

Ao = 192419200 +83040% +203040° +306120* +287086° + 153656°
+277407 —16736% — 11620° —2766'° — 240!,

ACS; = CS(ABAAB) _ ~g(ABABAB)
(a—k)” (1 - 6) (48+3046 1 7966° + 10766° +6956 + 966° —486°) _
128(1+6) (1+26) (2+36 — 62)°

since the terms in parentheses, same as A39 and A4 are strictly positive because of a > k and
0 € (—0.5,1).
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G. Robustness: Varying number of manufacturers

G.1. Model and equilibrium calculations

Suppose we have i = 4 manufacturers. All other assumptions remain as in the main case. In
channel structure (AB,AB,AB,AB), all four manufactures choose the strategy s; = AB. The
equilibrium calculations are analogous to distribution system (AB,AB,AB). In channel struc-
ture (A,AB,AB,AB), respectively (B,AB,AB,AB), manufacturer M; sells exclusively and man-
ufacturers M5, M3, and My sell non-exclusively. The equilibrium calculations are analogous to
distribution system (A,AB,AB).

Figure 5 depicts both distributions systems and Table 9 presents their respective equilibrium

(n)
\ \
\ >/

= Ne=""" \\»0/

(a) Distribution (AB,AB,AB,AB) (b) Distribution (A,AB,AB,AB)

Figure 5: Distribution systems (with i = 4)

Distribution system | (AB,AB,AB,AB) (A,AB,AB,AB)
L —k)(1+20 k)(1+26
Quantities Qi =0=03=0;= ((;+9))((1+36)) 01 = a2+9)((1+36))
_ (a—k)(2+56)
0 =03=01= s570)1430)
Wholesale prices | w] =w) =w3; =w) = a+k_2(++_2k)9 Wl =wr=wi=w,; = a+k2(++2k)6
1 e * * * * k+(2k—a)6
Retail prices PI=DPr=DP3=DPs= ot +2(+9 o pi= = (Siz;rsw
o _ % _ atk—(a—2k)0
Py=P3=Pi= 379

X «_ (a—Kk)}(1-0)(1+26) (afk)z(lf(-))(lJrZG)

Manufacturer profits | 7] =7, =13 = m; = (240)%(1+36) T = 2(216)%(1436)
_ w
T =M = = el (130)
Retail profits =0 Ty = W
=0 =0

Table 9: Equilibrium values (with i = 4)

G.2. No profitable deviation

(ABABABAB) __(AABABAB) _ (a—k)*(1-6)(1426)
We have 7, 4 ~ 20216 (1436)

and 0 € (—0.5,1).

> 0 for 6 € (—0.5,1) since a > k
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H. Proof of Propositions

H.1. Proof of Proposition 2

For all manufacturer i, we already know from Lemma 4 that distribution system (A, A, B) is
more profitable than distribution system (AB,AB,AB) for certain ranges of product differentia-
tion.

We further have

AB,ABAB AAB
ATCA = n[g ” ” )_7:1§7 ki )

(a—k)2(1—-0) (4486 +0%2—26%)%(4+ 110 +46% —56%)°
8(1426)(2+26 — 62)*(8+200 — 1863 + 64 +265)°

(ABABAB) _(AA.B)
Ttg

Amg — Ty

(@K (1-6)(1+6) (1+6—62)°(8+246 + 1562 — 56° —264)° o
4(1+426) (2426 — 62)*(8+200 — 1803 + 64 +265)* ’

for O € (—0.5,1) since the terms in parentheses are strictly positive because of a > k and
0 € (—0.5,1).

H.2. Proof of Proposition 3

We have
3(a—k)*(1+6)(5-36)
WAAA) _ y/(ABABAB) _ _ 0
32(1+26) <
W(AAB) _yy(ABABAB) _ _ (@a—k)*(1-6) A4 <0,

16 (1+26) (2426 — 62)*(8 42060 — 1863 + 64 +205)*

where A4; is defined by

A1 = 1920+ 153600 + 4465607 + 4393607 —396700% — 11244660° — 3744760° + 719686
+442000% —233100° — 1570760 + 50680 +21266'> — 57803 — 96604 424613,

AW, = W AAAB) _ y/(ABABAB)
(@—k)*(1—6) (40+1520 +1260% — 1200° — 1910* — 4565 +-346° + 1267) “0
8(1+26) (4466 —362—203)?
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(AABB) _ v (ABABAB) _ (a—k)* (1—6) Ago
W w - . ;<
42+ 6)2(1+20) (81260 + 1767 — 963 — 46%)

where A4 is defined by

Ao = 320425600 + 808007 + 1204803 + 61400* — 62766° — 118576°
—751467 — 179968 +2106° + 18000 + 2401

AW, = Ww(ABA.AB) _ 1/ (ABABAB)
(@a—k)*(1—0) (80+3360 +42002 —46° — 4230* —2886° + 480°) _
128 (14 6) (1+26) (2+36 — 62)°

for 6 € (—0.5,1), since the terms in parentheses, same as A4; and A4, are strictly positive
because of a > k and 6 € (—0.5,1).
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