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W e identify market conditions under which intermediaries can thrive in retailer-driven supply chains. Our main find-
ing is that, as a consequence of the retailers’ leadership position, intermediaries prefer products for which the sup-

ply base (existing production capacity) is neither too narrow nor too broad; that is, less existing capacity can result in
more intermediary profit. We also show that our main finding is robust to (i) the presence of horizontal competition
among retailers and intermediaries, (ii) the existence of exclusive suppliers, and (iii) the ability of the retailers to source
directly from the suppliers. Nevertheless, we find that horizontal competition between intermediaries encourages them to
carry products with relatively smaller production capacity, whereas exclusive suppliers and direct sourcing encourage
intermediaries to carry products with relatively larger installed capacity.

Key words: intermediation; supply chain; vertical and horizontal competition; Stackelberg leader
History: Received: May 2014; Accepted: July 2015 by Haresh Gurnani, after 2 revisions.

1. Introduction

For several decades, retailers in developed countries
have been sourcing products from low-cost interna-
tional suppliers. For commodity-type products, which
tend to have long life cycles, the retailer’s in-house
procurement department often establishes a long-
term relationship with one or more suitable suppliers.
For specialized products such as fashion apparel,
fashion shoes, toys, and housewares, however, retail-
ers typically rely on intermediaries. These industries
are characterized by high frequency of new product
introduction coupled with short product life cycles,
and thus require the use of a large and complex net-
work of low-cost international suppliers. Under these
circumstances, retailers generally find it economical
to outsource the maintenance of this network to inter-
mediaries with deep knowledge of the product mar-
ket and international supplier base (Ha-Brookshire
and Dyer 2008).
A characteristic feature of these supply chains with

intermediaries is that the retailers lead the interaction.
For instance, fashion retailers continually monitor
market trends and generate orders as a response to
these rapidly changing trends. Depending on the
specific order, the intermediary thereafter selects the

suppliers with the technical capability and spare
capacity to fulfill demand. In other words, intermedi-
aries orchestrate retailer-driven supply chains as a
response to a specific order from a retailer facing inci-
dental demand; see Knowledge@Wharton (2007).
Chronologically, the retailer order precedes the
orchestration of the supply chain, and thus it makes
sense to portray the retailers as leaders.
Trade through intermediaries in retailer-driven

supply chains plays an important role in sourcing.
Hence, it is important to sharpen our understanding
of the determinants of intermediary performance
(Peng and York 2001): namely, the industry’s compet-
itive structure, and the demand and supply character-
istics. In particular, the supply side warrants careful
scrutiny because of the well-documented fluctuations
in available production capacity (Barrie 2013, Zhao
2013), which in turn affect the economic well-being of
intermediaries and other supply chain participants.
Under which market conditions can intermediaries

thrive in retailer-driven supply chains? This is our
main research question, and to answer it, we consider
a three-tier model with one leading retailer, one
intermediary, and many suppliers. We characterize
the intermediary profit in closed form. Our main
finding pertains to the supply side; we find that the
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intermediary profit is unimodal with respect to the
number of suppliers in its base. This is in direct con-
trast with the insight from existing models of serial
supply chains, in which suppliers lead (e.g., Corbett
and Karmarkar 2001). Based on the literature, one
might expect that the larger the supplier base, the lar-
ger the market power of the intermediary and thus
the larger the intermediary profit. This intuition does
bear out when the size of the supplier base is “small.”
However, in a world where retailers lead, when the
supplier base is “large enough,” we show that the
weakness of the suppliers becomes the weakness of
the intermediary, and the retailer exploits its leader-
ship position to increase its market power and retain
greater supply chain profits. A crucial implication of
this result is that intermediaries in retailer-driven
supply chains prefer products for which the supplier
base (existing production capacity) is neither too nar-
row nor too broad, because (ceteris paribus) products
that have an intermediate production capacity gener-
ate larger intermediary profits.
We also study how our main finding is affected by

three realistic extensions: (i) horizontal competition
among retailers and intermediaries, (ii) the presence of
exclusive suppliers, and (iii) the ability of the retailers to
source directly from the suppliers. We study the impact
of horizontal competition by increasing the number of
retailers and intermediaries, and find that our main
insight that intermediary profits are unimodal in the
number of suppliers continues to hold even with com-
peting retailers and intermediaries. We find, however,
that the number of suppliers that maximizes intermedi-
ary profits decreases with the number of intermediaries.
The reason for this is that when the number of interme-
diaries is large, and thus competition among them is
stronger, the intermediaries benefit from carrying prod-
ucts with a relatively more inelastic supply side,
because this improves their bargaining position with
respect to the leading retailers.
To study the impact of exclusive suppliers on our

main finding, we consider an extension where every
intermediary works with an arbitrary subset of the
existing suppliers. This general model captures situa-
tions where intermediaries have exclusive as well as
shared suppliers, and situations where some interme-
diaries may be large, and others small. We find that
our main finding is robust to the presence of asym-
metric intermediaries. Nevertheless, we find that the
presence of exclusive suppliers dampens the intensity
of competition among intermediaries, and thus the
number of suppliers needed to maximize intermedi-
ary profits in this situation is larger.
Finally, we consider an extension of our model where

the retailer has the option to deal directly with the sup-
pliers (without the intervention of the intermediary)
provided he is willing to pay a fixed transaction cost

per supplier. We observe that our main finding contin-
ues to hold, but the threat of the retailer sourcing
directly from suppliers may induce the intermediary to
carry products with a relatively larger supply base.
Intuitively, the intermediary is willing to give up some
of its margin to keep the retailer’s business.
Our results have operational implications for inter-

mediation firms. Specifically, a crucial challenge
facing intermediaries in retailer-driven supply chains
is how to manage their product portfolio in order to
maximize their profit. Hsing (1999, Footnote 4), for
instance, argues that the ability of Taiwanese fashion
shoe manufacturers to maintain a diversified product
portfolio was key to their success in the 1980s. Our
work suggests that when managing their product
portfolio, intermediaries must take into account the
variations in the balance between product demand
and supplier capacity. In the life cycle of a particular
product, the intermediate levels of capacity that maxi-
mize intermediary profits will likely arise in the
growth and decline phases. Hence, intermediaries
with greater flexibility to add and drop products from
their portfolio are likely to fare better. This is particu-
larly important in industries such as fashion retail,
fashion shoes, and consumer electronics, which exhi-
bit high frequency of new product introduction and
short product life cycles. Moreover, our framework
enables us to precisely specify this intermediate level
of capacity, and to show how it depends on various
supply-chain attributes such as the concentration in
the intermediary and retailer tiers; the extent of asym-
metry between intermediaries; and the ability of
retailers to bypass intermediaries.

2. Relation to the Literature

We now discuss how our work is related to the litera-
ture on intermediation and supply chain competition.

2.1. Literature on Intermediation
Our work is related to the Economics literature on
intermediation, which according to Wu (2004) “stud-
ies the economic agents who coordinate and arbitrage
transactions in between a group of suppliers and cus-
tomers.” As mentioned before, the main distinguish-
ing feature of our work is that while the Economics
literature has focused on justifying the existence of
middlemen through their ability to reduce transaction
costs (Biglaiser 1993, Rubinstein and Wolinsky 1987),
we focus on understanding the market conditions
under which intermediaries can thrive in a retailer-
driven supply chain. Our modeling framework differs
substantially from the modeling frameworks used in
this literature. The intermediation literature generally
assumes that each buyer and seller is interested in a
single unit for which they have idiosyncratic
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valuations, and price is determined through bilateral
bargaining. In contrast, in order to capture the key
features of sourcing arrangements, we assume that
the interaction between various players is governed
by a market mechanism. Accordingly, we model a
consumer demand function, as well as quantity com-
petition a la Cournot–Stackelberg. Thus, we are able
to track not only the intermediary margin but also the
overall efficiency of the supply chain. In summary,
our model is closer to the multi-tier competition mod-
els developed in recent Operations Management liter-
ature, and our focus is on the operational aspects of
supply-chain sourcing.
While the above differences make a direct compar-

ison of results difficult, similar to us, Rubinstein and
Wolinsky (1987) find that intermediaries make a net
profit in equilibrium. However, they are not able to
recover any qualitative insight on how intermediary
profits depend on the number of sellers. Our main
result is that intermediary profit is unimodal in num-
ber of suppliers (sellers). Thus, we are able to offer
some guidelines on how an intermediary might con-
stitute his product portfolio.
Our work is also related to Belavina and Girotra

(2012), who study intermediation in a supply chain
with two suppliers, one intermediary, and two buy-
ers, with players in the same tier not competing
directly. They provide a new rationale for the exis-
tence of intermediaries. Specifically, they show that in
a multi-period setting the intermediary is more effec-
tive in inducing efficient decisions from the suppliers
(e.g., quality related), because the intermediary has
access to the pooled demand of both buyers, and
therefore superior ability to commit to future business
with each supplier. Babich and Yang (2014) consider a
supply chain with one retailer, one intermediary, and
two suppliers. They consider the case where the sup-
pliers possess private information about their reliabil-
ity and costs, and they justify the existence of the
intermediary because of the informational benefits it
offers to the retailer. Again, the main difference
between both of these papers and our work is that
they focus on explaining the existence of an interme-
diary tier, while we focus on understanding the mar-
ket conditions under which intermediaries can thrive
in a retailer-driven supply chain.

2.2. Literature on Supply Chain Competition
In contrast to our manuscript, most existing models of
multi-tier supply-chain competition assume the retail-
ers are followers. A prominent example is Corbett
and Karmarkar (2001), herein C&K, who consider
entry in a multi-tier supply chain with vertical compe-
tition across tiers and horizontal quantity-competition
within each tier. C&K assume that retailers face a
deterministic linear demand function, and that they

are followers with respect to the suppliers who face
constant marginal costs. Several papers consider vari-
ants of the multi-tier supply chain proposed by C&K
with retailers as followers: Carr and Karmarkar (2005),
Adida and DeMiguel (2011), Federgruen and Hu
(2013), and Cho (2014). Other Studies consider models
in which a single supplier leads several competing
retailers: Bernstein and Federgruen (2005), Netessine
and Zhang (2005), and Cachon and Lariviere (2005).
Very few papers in the existing literature model the

retailers as leaders. For example, Choi (1991) considers
a model in which one retailer leads two suppliers.
This model assumes that the suppliers possess com-
plete information about the demand function facing
the retailer, and that they exploit this information
strategically when making their production decisions.
This assumption imposes a level of sophistication on
the suppliers’ strategic capabilities, and endows them
with a degree of information that does not seem
appropriate for the context of low-cost international
suppliers interacting with procurement firms. More-
over, we show in Appendix D of Data S1 that the
equilibrium in Choi’s model with the retailer as leader
is equivalent to that of the model by C&K, where the
retailers are followers: that is, the equilibrium quan-
tity, retail price, and supply chain aggregate profits
are identical for both models. Overall, we think that
assuming suppliers can strategically exploit their
complete knowledge of the retailers’ demand function
is not realistic in our setting. This is crucial, because
as we demonstrate in this study, incorporating a more
apt model for suppliers, along with viewing retailers
as leaders, results in substantially different insights
than those suggested by the existing literature on sup-
ply chain competition.
Majumder and Srinivasan (2008), herein M&S, con-

sider a model where any of the firms in a network sup-
ply chain could be the leader, and study the effect of
leadership on supply chain efficiency as well as the
effect of competition between network supply chains.
M&S assume increasing marginal cost of manufactur-
ing, and they argue that, “with wholesale price con-
tracts, this is the only assumption that results in
equilibrium when suppliers follow.”
Our model combines elements from the models of

C&K and M&S and is tailored to the context of inter-
mediation in retailer-driven supply chains.

3. When Do Intermediaries Thrive

To understand how the number of suppliers (or
equivalently, the availability of supply capacity)
affects the profitability of intermediaries, we first con-
sider a three-tier supply chain, where one retailer
leads one intermediary who sources from S suppliers.
We find that intermediary profits are unimodal in the
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number of suppliers; that is, intermediaries prefer
products for which the existing production capacity is
neither too narrow nor too broad.

3.1. Model
We model a three-tier supply chain, where the first
tier consists of a single retailer who faces the con-
sumer demand captured by a linear demand function.
The retailer acts as Stackelberg leader with respect to
the intermediary. Specifically, the retailer chooses its
order quantity in order to maximize its profit, while
anticipating the reaction of the intermediary. The sec-
ond tier consists of a single intermediary who acts as
Stackelberg leader with respect to the suppliers; that
is, the intermediary chooses its order quantity in
order to maximize its profit, while anticipating the
reaction of the suppliers. The third tier consists of S
capacity-constrained suppliers who choose their pro-
duction quantities in order to maximize their profits.
In the remainder of this section, we first describe in
detail the decision problem at each of the three tiers,
and then briefly discuss some of the model features.

3.1.1. Supplier Tier. Given a supplier price ps, the
jth supplier chooses its production quantity qs;j to
maximize its profit:

max
qs;j

ps;j ¼ psqs;j � cðqs;jÞ;

where psqs;j is the supplier’s revenue from sales, and
cðqs;jÞ is the production cost. Like M&S, we assume
the production cost is convex quadratic:
cðqs;jÞ ¼ s1qs;j þ ðs2=2Þq2s;j, or equivalently that the
jth supplier has linearly increasing marginal cost:

c0ðqs;jÞ ¼ s1 þ s2qs;j; ð1Þ

where s1 > 0 is the intercept, and s2 ≥ 0 is the sensi-
tivity.
We define the aggregate supply function as the total

quantity produced by the suppliers for a given sup-
plier price ps. The following result follows from the
fact that the jth supplier optimally chooses to produce
the quantity such that its marginal cost equals the
supply price; that is, the quantity qs;j such that
ps ¼ s1 þ s2qs;j.

LEMMA 1. For the case with symmetric suppliers, the
aggregate supply function is

QsðpsÞ ¼ Sqs;j ¼ Sðps � s1Þ=s2: ð2Þ

REMARK 1. Note that the suppliers’ best response is
completely characterized by the aggregate supply
function given in Equation (2). There are two implica-
tions from this. First, our analysis also applies to the

case when suppliers are asymmetric in the cost of pro-
duction, provided that their aggregate supply function
is approximately linearly increasing, or (equivalently)
that their aggregate marginal cost function is approxi-
mately linearly increasing.1 Second, because the aggre-
gate supply function depends on the number of
suppliers and their sensitivity only through the ratio
S/s2, the impact on the equilibrium of an increase in
the number of suppliers S is equivalent to the impact
of a certain decrease in the supply sensitivity s2. Essen-
tially, in our model, the ratio S/s2 provides a measure
of the total production capacity in the supply chain.

3.1.2. Intermediary Tier. Given an intermediary
price pi, the intermediary chooses its order quantity qi
to maximize its profit, anticipating the reaction of the
suppliers as well as the supplier-market-clearing
price. The intermediary decision may be written as:

max
qi;ps

pi ¼ ðpi � psÞqi ð3Þ

s.t. qi ¼ QsðpsÞ; ð4Þ
where Qs(ps) is the aggregate supply function and
Constraint (4) is the supplier-market-clearing condi-
tion. We denote the intermediary equilibrium quan-
tity for an intermediary price as qi(pi).

3.1.3. Retailer Tier. To simplify the exposition, we
model demand with a deterministic demand function,
although we show in Appendix C of Data S1 that our
results generally hold for the case with a stochastic
demand function as well. Concretely, we model
demand with the following linear inverse demand func-
tion2:

pr ¼ d1 � d2q; ð5Þ
where d1 is the demand intercept and d2 is the
demand sensitivity.

ASSUMPTION 1. We assume throughout the paper that
d1 > s1.

This assumption ensures that the retail price
exceeds the marginal cost of the first unit produced
by suppliers, so that there is a potential for profits and
nonzero quantities.
The retailer chooses its order quantity qr to maxi-

mize its profit, anticipating the intermediary reaction
and the intermediary-market-clearing price pi:

max
qr;pi

pr ¼ ðd1 � d2qr � piÞqr ð6Þ

s.t. qr ¼ qiðpiÞ; ð7Þ
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where Constraint (7) is the intermediary-market-
clearing condition.

3.1.4. Discussion. A few comments are in order.
First, we focus on a static (one-shot) game because we
study situations in settings such as fashion apparel
and shoes where retailers contact intermediaries to
satisfy incidental demand for new products. This con-
text is well grounded in the literature, and is justified
by several authors: Purvis et al. (2013) and Christo-
pher et al. (2004).
Second, our model is based on wholesale price con-

tracts. We do this because there is empirical support
for their widespread usage and popularity (La-
fontaine and Slade 2012), and moreover, there is
ample precedence in the supply chain literature (see,
for instance, Lariviere and Porteus 2001, Perakis and
Roels 2007).3

Third, like M&S we consider linearly increasing
marginal costs of supply.4 M&S argue that an increas-
ing marginal cost is required to achieve an equilib-
rium when the suppliers are followers in the supply
chain. More importantly, this is the most realistic
assumption in the context of intermediary firms that
use the existing production capacity of their network
of suppliers to satisfy incidental demand from retail-
ers. Because the suppliers use existing capacity, they
do not incur fixed costs due to capacity investments.5

In the absence of incremental fixed costs, it is suffi-
cient to capture the variable costs, which inevitably
increase as the order quantities approach the capacity
constraint of the suppliers.
Although we choose a linear marginal cost function

for suppliers for tractability, in Appendix B of Data
S1, we show that our main finding—that the interme-
diary profits are unimodal with respect to the number
of suppliers—also holds for a convex monomial mar-
ginal cost function. Note also that, although we do
not explicitly include the supplier capacity constraints
in our model, they are implicitly considered because
in equilibrium a supplier would never produce a
quantity larger than (d1 � s1)/s2, where d1(> s1) is the
intercept of the demand function.

3.2. Equilibrium and Intermediary Profits
The following theorem provides closed-form expres-
sions for the equilibrium quantities, prices, and prof-
its. The closed-form expressions are defined in terms
of supply chain characteristics such as the number of
suppliers, and the demand and supply sensitivities.

THEOREM 1. There exists a unique equilibrium for the
supply chain with S symmetric suppliers, one intermedi-
ary, and one retailer. The equilibrium is symmetric
among the suppliers, and the equilibrium quantities,
prices, and aggregate profits are as follows:

quantities: Q� qr ¼ qi ¼ Sqs ¼ Sðd1 � s1Þ
2ðd2Sþ 2s2Þ ;

prices: pr ¼ d1 � d2Q; pi ¼ s1 þ 2
s2
S
Q;

ps ¼ s1 þ s2
S
Q;

profits: pr ¼ðd1 � s1Þ
2

Q; pi ¼ s2Q2

S
; Sps ¼ s2Q2

2S
:

We use the closed-form expressions in Theorem 1
to perform comparative statics. We first describe three
intuitive monotonicity results that provide reassur-
ance about the validity of the model. Straightforward
calculations using the expressions obtained in Theo-
rem 1 lead to the following observations.

1. The total quantity produced in the supply
chain is increasing in the number of suppliers,
and decreasing in the demand and supply sen-
sitivities.

2. The prices at each tier are decreasing in the
number of suppliers, increasing in the supply
function sensitivity, and decreasing in the
demand function sensitivity.

3. The retailer profit is increasing in the number
of suppliers and decreasing in both the supply
and demand sensitivities.

We also characterize the dependence of intermedi-
ary profits on the number of suppliers, which results
in our main finding.

THEOREM 2. In the case with one retailer and one inter-
mediary, the intermediary profit pi is unimodal and
achieves a maximum with respect to the number of sup-
pliers for S = 2s2/d2.

We find that, surprisingly, the intermediary margin
decreases in the number of suppliers: pi � ps = s2Q/S
= s2(d1 � s1)/2(d2S + 2s2). Moreover, the order quan-
tity monotonically increases in the number of suppli-
ers. Consequently, the intermediary profit is
unimodal with respect to the number of suppliers. As
a result, the intermediary profits reach their maxi-
mum for a finite number of suppliers. Based on the
results in C&K and Choi (1991), one might expect that
the larger the supplier base, the larger the market
power of the intermediary and thus the larger its mar-
gin and profit. This intuition holds when the size of
the supplier base is “small.” However, in a world
where the retailer leads, when the supplier base is
“large enough,” we show that the weakness of the
suppliers becomes the weakness of the intermediary,
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and the retailer exploits its leadership position to
increase its market power and retain greater supply
chain profits. To illustrate the intuition behind this
phenomenon, consider the specific case in which
there is an infinite number of suppliers. The retailer
knows that the intermediary can get an unlimited
quantity of the product at a price of s1 per unit. As a
result, the retailer can exploit its leader advantage to
drive the intermediary price to the suppliers’ mar-
ginal cost s1. In this limiting case, the retailer has all
the market power and keeps all profits.
A crucial implication of the result in Theorem 2 is

that intermediaries in retailer-driven supply chains
prefer products for which the supplier base (existing
production capacity) is neither too narrow nor too
broad (also refer to Remark 1 in this regard). This is
because (ceteris paribus) products for which there is an
intermediate production capacity generate larger
intermediary profits. Theorem 2 also offers some
insight into how the financial performance of interme-
diaries, and consequently of economies reliant on this
sector, depends on the available production capacity.
Along with demand, this capacity is also a function of
various economic and environmental factors. For
instance, Barrie (2013) reports a shortfall in available
capacity for 2013 in the fashion apparel sector,
whereas Zhao (2013) points to endemic overcapacity
in the Chinese fashion industry during the 1980s and
1990s. Our analysis shows that intermediary profits
will be squeezed in either of these two eventualities;
that is, in case of shortfall or excess in available capa-
city.6

Given that we restricted our attention to a supply
chain with one retailer and one intermediary, a nat-
ural question is: how would our main insights be
affected by relaxing this restriction?

4. The Impact of Horizontal
Competition

In this section, we study how our findings are affected
by the presence of horizontal competition among
retailers and intermediaries. This is a realistic feature
of retailer-driven supply chains: intermediaries are
often subject to fierce horizontal competition (Hsing
1999). Likewise, retailers, who often compete for con-
sumer demand, also compete for the same set of inter-
mediaries (Masson et al. 2007).
We first consider a supply chain where all interme-

diaries share all existing suppliers, and show that our
main finding continues to hold in the presence of
horizontal competition. We also show that the num-
ber of suppliers that maximizes intermediary profits
decreases in the number of intermediaries. Finally, we
characterize the efficiency of the decentralized supply

chain, and show that the number of suppliers that
maximizes the overall supply chain efficiency differs
from that maximizing the intermediary profits. In sec-
tion 5 we extend our analysis to the case with both
exclusive and shared suppliers.

4.1. Model
We now consider the case of I symmetric intermedi-
aries and R symmetric retailers. As discussed in sec-
tion 3.1, following the existing literature, we assume
retailers and intermediaries compete horizontally in
quantities. A timeline of events for the three-tier sup-
ply chain with horizontal and vertical competition is
depicted in Figure 1.
Given an intermediary price pi, the lth intermediary

chooses its order quantity qi;l to maximize its profit,
assuming the rest of the intermediaries keep their
order quantities fixed, and anticipating the reaction of
the suppliers. The lth intermediary decision may be
written as:

max
qi;l;ps

ðpi � psÞqi;l ð8Þ

s.t. qi;l þQi;�l ¼ QsðpsÞ; ð9Þ
where Qi,�l is the total quantity ordered by the rest
of the intermediaries, Qs(ps) is the total quantity pro-
duced by suppliers when the supplier price is ps,
and Constraint (9) is the supplier-market-clearing
condition.
The kth retailer chooses its order quantity qr;k to

maximize its profit, assuming the rest of the retailers
keep their order quantities fixed, and anticipating the
intermediary reaction:

max
qr;k;pi

½d1 � d2ðqr;k þQr;�kÞ � pi�qr;k ð10Þ

s.t. qr;k þQr;�k ¼ QiðpiÞ; ð11Þ
where Qr,�k is the total quantity ordered by the rest
of the retailers, Qi(pi) is the intermediary equilibrium
quantity for a price pi, and Constraint (11) is the
intermediary-market-clearing condition.

Figure 1 Timeline of Events
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Consistent with the literature on multi-tier supply-
chain competition (i.e., C&K and the references
therein), we assume that the retailers and intermedi-
aries compete in quantities. The alternative assump-
tion of price competition with homogeneous products
results in zero profit for the retailers and intermedi-
aries, which is not realistic in our setting. Moreover,
we have established that our main insight—interme-
diaries thrive when the supply base is neither too nar-
row nor too broad—holds for the case with a single
retailer and a single intermediary. In this setting, it is
easy to show that the equilibrium is identical for the
cases where the retailer and the intermediary choose
quantities or prices. This provides some reassurance
that our main insight is not driven by the Cournot
assumption.

4.2. Equilibrium and Intermediary Profits
The following theorem provides closed-form expres-
sions that achieve our main objective: to characterize
the profitability of intermediaries (and other players)
in terms of various market conditions: namely, indus-
try competitive structure, and the demand and sup-
ply characteristics.

THEOREM 3. There exists a unique equilibrium for the
supply chain with multiple symmetric suppliers, interme-
diaries, and retailers. The equilibrium is symmetric, and
the equilibrium quantities, prices and aggregate profits
are as follows:

quantities: Q � Rqr ¼ Iqi ¼ Sqs

¼ RSIðd1 � s1Þ
ðRþ 1Þðd2SI þ ðI þ 1Þs2Þ

prices: pr ¼ d1 � d2Q; pi ¼ s1 þ s2
S

I þ 1

I
Q;

ps ¼ s1 þ s2
S
Q

profits: Rpr ¼ d1 � s1
Rþ 1

Q; Ipi ¼ Is2Q2

SI2
; Sps ¼ s2Q2

2S
:

It is easy to see that the monotonicity results
obtained for a single retailer and intermediary con-
tinue to hold for the case with competing retailers and
intermediaries. In addition, Theorem 3 allows us to
perform comparative statics with respect to the num-
ber of retailers and intermediaries. Straightforward
calculations using the expressions obtained in Theo-
rem 3 lead to the following observations:

1. The total quantity produced in the supply
chain (or equivalently, volume of trade)
increases in the number of retailers and inter-
mediaries.

2. The prices at each tier decrease in the number
of players in following tiers and increase in the
number of players in leading tiers.

3. The aggregate retailer profit increases in the
number of intermediaries but decreases in the
number of retailers.

Finally, we use the closed-form expressions in The-
orem 3 to study how our main finding is affected by
the presence of competing retailers and intermedi-
aries.

THEOREM 4. In the case with multiple competing retailers
and intermediaries, at equilibrium, the aggregate inter-
mediary profit Ipi is unimodal and achieves a maximum
with respect to the number of suppliers for
S = Smax � (I + 1)s2/(d2I).

Theorem 4 shows that intermediary profits are
unimodal in the number of suppliers even in the pre-
sence of horizontal competition. Moreover, the result
shows that the number of suppliers that maximizes
aggregate intermediary profits is lower in the pre-
sence of competition than otherwise. In other words,
multiple competing intermediaries prefer a smaller
supply base compared to a single intermediary.
Because competition among intermediaries strength-
ens the bargaining position of the retailer, intermedi-
aries prefer to carry products with a more inelastic
supply side.
Figure 2 depicts the aggregate intermediary profit

as a function of the number of suppliers for the cases
with one retailer and two intermediaries (R = 1,
I = 2), and one retailer and one intermediary (R = 2,
I = 1). The figure confirms that intermediary profits
are unimodal in the number of suppliers even in the
presence of horizontal competition. The figure also
shows that competing intermediaries thrive with rela-
tively smaller supplier bases (compare the number of
suppliers that maximizes the intermediary profit for
the case R = 1, I = 2 to that for the case R = 1, I = 1).
Given the result in Theorem 4, it is conceivable that

intermediaries may prefer to carry products with a
supply-base size that optimizes intermediary profits.
How would this compare with the size of the supply
base that maximizes the efficiency of the entire supply
chain? We address this question next.

4.3. Size of Supply Base and Supply Chain
Efficiency
We characterize the efficiency of the decentralized
supply chain and compare the number of suppliers
that maximizes intermediary profits with that maxi-
mizing supply chain efficiency. Following the supply
chain literature, we define supply chain efficiency as
the ratio between the decentralized supply chain
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profits and the centralized profits, which correspond
to the case when a system planner chooses all quanti-
ties to maximize the total supply chain profits. The
following proposition gives closed-form expressions
of the supply chain efficiency and characterizes its
dependence on the number of suppliers.

THEOREM 5. The supply chain efficiency is

Efficiency¼RI½s2RðIþ2Þþ2ðd2SIþ s2ðIþ1ÞÞ�
ðd2SIþ s2ðIþ1ÞÞ2

2d2Sþ s2

ðRþ1Þ2 :

ð12Þ

Moreover, efficiency is unimodal with respect to
the number of suppliers S and reaches a maximum
equal to one for S* = s2(R + I + 1)/(d2I(R � 1)) pro-
vided that R > 1. If R = 1, then the efficiency mono-
tonically increases in the number of suppliers, and
tends to one as S ? ∞.7

Theorem 5 shows that the number S* of suppliers
that maximizes the supply chain efficiency differs, in
general, from the number Smax of suppliers that maxi-
mizes intermediary profits. In particular, the number
S* of suppliers that maximizes efficiency is larger than
the number Smax of suppliers that maximizes interme-
diary profit if and only if R < 2 + 2/I. This suggests
that with high concentration in the retail tier (small
R), intermediaries in a decentralized chain are likely
to carry products with a smaller-than-efficient supply
base. Thus, subsidizing the intermediaries to carry
products with a larger supply base is likely to

improve the overall efficiency. However, for supply
chains with low retailer concentration (large R), such
subsidies are unlikely to help. Our results suggest that
if regulatory intervention is to succeed at improving
the overall supply chain efficiency, it must be care-
fully tailored to the structure of the supply chain in
question.

5. The Case with Shared and Exclusive
Suppliers

In section 4, we assumed that all I intermediaries
share all S suppliers. We now relax this assumption
by considering a general model where each supplier
works with an arbitrary subset of the intermediaries.
This model captures situations where intermediaries
have exclusive as well as shared suppliers, and situa-
tions where large intermediaries deal with many sup-
pliers while small ones deal with only a few
suppliers.
We find that our main finding continues to hold in

the presence of shared and exclusive suppliers: inter-
mediary profits continue to be unimodal with respect
to the number of suppliers. Compared to the case ana-
lyzed in section 4, we find that the presence of some
exclusive suppliers increases the number of suppliers
that maximizes intermediary profits.
The following proposition shows that the equilib-

rium total quantity for the general case where the jth
supplier works with a subset of Ij intermediaries is
equivalent to the equilibrium total quantity for a sup-
ply chain where all S suppliers work with a smaller
number of intermediaries �I, which we term the effec-
tive number of intermediaries.

PROPOSITION 1. The equilibrium total quantity for the
general case where the jth supplier works with a subset of
Ij intermediaries is equivalent to the equilibrium total
quantity for a supply chain where all S suppliers work
with �I 2 ½1; I� intermediaries, where �I 2 ½1; I� is such that

�I
�I þ 1

¼ 1

S

XS
j¼1

Ij
Ij þ 1

:

This result shows that the presence of some exclu-
sive suppliers has the same effect on the total quantity
produced as a reduction of competition among inter-
mediaries. This is because the effective number of
intermediaries is lower than the true number of inter-
mediaries.
Note that Proposition 1 is not enough to show the

robustness of our main finding to the existence of
exclusive suppliers because the profits received by
the intermediaries depend not only on the aggregate
quantity, but also on the precise structure of the

Figure 2 Aggregate Intermediary Profit Depending on Number of Sup-
pliers

Notes: This figure depicts the aggregate intermediary profit for a number
of suppliers ranging between 1 and 20, and for the cases with one retai-
ler and two intermediaries (R = 1, I = 2), and one retailer and one inter-
mediary (R = 2, I = 1). We assume d2 = 1, s2 = 4, s1 = 3, d1 = 5. The
horizontal axis gives the number of suppliers and the vertical axis gives
the aggregate intermediary profit. The delineated marker indicates the
highest aggregate intermediary profit.
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supply chain. To establish the robustness of our find-
ings, we now characterize the intermediary profits for
two different cases: (i) a case where all suppliers are
exclusive, and (ii) a case where some suppliers are
shared and some are exclusive.

PROPOSITION 2. Let every supplier work exclusively with
a single intermediary, then

1. the supply chain equilibrium is equivalent to that of
a supply chain where a single intermediary works
with all S suppliers,

2. the aggregate intermediary profits are unimodal in
the total number of suppliers,

3. the aggregate intermediary profits are maximized
when there are 2s2/d2 suppliers, where 2s2/d2 is lar-
ger than the number of suppliers that maximizes
intermediary profits in the case where all suppliers
are shared by all intermediaries, and

4. the aggregate intermediary profits are higher than
for the case where all suppliers are shared by all
intermediaries.

The intuition behind the proof of this proposition
is that, because intermediaries are price-takers with
respect to the retailers, the intermediary optimal
order quantity for a particular supplier depends
only on the number of other intermediaries work-
ing with that supplier. Therefore, for the case
where every supplier is exclusive, the optimal
order quantity and the total intermediary profits
depend only on the number of suppliers, indepen-
dently of whether they each work with a separate
intermediary, or they all work for the same inter-
mediary.
We now consider the case where some suppliers

are shared and others exclusive. To simplify the expo-
sition, we focus on the case where there are two inter-
mediaries, each of which has some exclusive
suppliers and also shares some suppliers with the
other intermediary. The result can be extended to the
case of many intermediaries. We study how inter-
mediary profits depend on the total number of suppli-
ers for the case where the proportion of shared and
exclusive suppliers stays constant.

PROPOSITION 3. Assume there are two intermediaries,
and intermediary l works with Sl exclusive suppliers
(l = 1,2) and S12 shared suppliers. Moreover, assume
that Sl = hlS and S12 = h12S, with hl, h12 fixed (l = 1,2),
such that h1 + h2 + h12 = 1. Then,

1. the aggregate intermediary profits are unimodal in
the total number of suppliers S, and

2. the aggregate intermediary profits are maximized
when there are ðs2=d2Þð�I þ 1Þ=�I suppliers, where
ðs2=d2Þð�I þ 1Þ=�I is larger than the number of

suppliers that maximizes aggregate intermediary
profits in the case where all suppliers are shared by
all intermediaries.

Propositions 2 and 3 show that intermediaries con-
tinue to prefer products for which there exists an
intermediate production capacity, but the presence of
exclusive suppliers dampens the intensity of competi-
tion among intermediaries. As a result, intermediaries
are willing to carry products with a relatively larger
existing production capacity.

6. The Option to Source Directly from
the Suppliers

We now study whether the ability of the retailer to
source directly from the suppliers affects our main
finding about the unimodality of the intermediary
profit, and how it affects the optimal number of sup-
pliers. To simplify exposition, we consider here the
base case model with a single retailer and intermedi-
ary. The result can be easily extended to the case with
horizontal competition among retailers and interme-
diaries.
We assume that if the retailer chooses to deal

directly with the suppliers, the retailer incurs a fixed
cost per supplier F > 0, which represents the cost asso-
ciated with establishing a working relation with each
supplier. In addition, if the retailer chooses to deal
directly with the suppliers, the retailer incurs an addi-
tional variable cost per unit v ≥ 0. This additional vari-
able cost captures the fact that it may be more
expensive for the retailer to validate the quality of each
unit purchased (compared to the experienced interme-
diary). If, on the other hand, the retailer decides to use
the services of the intermediary, it simply pays a price
per unit to the intermediary, who keeps a certain mar-
gin. The intermediary places its orders from the sup-
pliers without incurring any fixed costs because it has
an established relationship with its supplier base.
Our analysis consists of three steps: (i) we analyze

the case where the retailer deals directly with the sup-
pliers, (ii) we characterize the conditions under which
the retailer prefers to use the services of the interme-
diary, and (iii) we study how the intermediary profit
depends on the number of suppliers when the retailer
can source directly from the suppliers.

6.1. Direct Sourcing
First, we characterize the retailer profits for the case
where the retailer deals directly with the suppliers,
which can be modeled as a a two-stage game. In the
first stage, the retailer chooses the number of suppli-
ers to deal with SR, incurring a fixed cost SRF. In the
second stage, the retailer chooses its order quantity.

Adida, Bakshi, and DeMiguel: Sourcing Through Intermediaries
638 Production and Operations Management 25(4), pp. 630–646, © 2015 Production and Operations Management Society



PROPOSITION 4. Let the retailer deal directly with the
suppliers, then

1. In the second stage (that is, for a given number of
suppliers SR), the equilibrium with no intermediary
coincides with the equilibrium with an infinite
number of intermediaries and where the intercept of
the inverse demand function equals d1 � v.

2. The retailer profit in the first stage �pr is a strictly
concave function of SR. Moreover, the optimal num-
ber of suppliers8 selected by the retailers SR and the
corresponding retailer profit net of transaction costs
�pr are:

SR ¼ 1

d2

ðd1 � v� s1Þ ffiffiffiffi
s2

p

2
ffiffiffi
F

p � s2

� �þ
; and

�pr ¼ s2
d2

d1 � v� s1
2

ffiffiffiffi
s2

p �
ffiffiffi
F

p� �þ� �2

;

ð13Þ

where [.]+ is the positive part.

6.2. To Intermediate or Not to Intermediate
We now characterize the conditions under which the
retailer uses the services of the intermediary. The
retailer benefits from utilizing the intermediary when
its profit in the case with the intermediary exceeds its
profit without, i.e. when

Sðd1 � s1Þ2
4ðd2Sþ 2s2Þ �

s2
d2

d1 � v� s1
2

ffiffiffiffi
s2

p �
ffiffiffi
F

p� �þ� �2

: ð14Þ

COROLLARY 1. The retailer uses the intermediary when
one of the following holds:

1. the fixed cost F is sufficiently large,
2. the retailer additional variable cost v is sufficiently

large,
3. the number of suppliers is sufficiently large, or
4. the first unit margin d1 � s1 is sufficiently small.

The results in Corollary 1 are consistent with
intuition: a retailer prefers working with an inter-
mediary when the fixed or variable costs associated
with sourcing directly from the suppliers are high,
when margins are low and thus it is not worth
paying additional fixed or variable costs to deal
with suppliers, or when the supplier base is large
and thus the intermediary supply costs are lower
than that of the retailer working directly with sup-
pliers.

6.3. Intermediary Profits and Size of Supplier Base
We now show that the intermediary profits con-
tinue to be unimodal even when the retailer has

the option to deal directly with the suppliers. We
also show, however, that the threat that the retailer
may work directly with the suppliers may encou-
rage the intermediary to carry products with a
broader supplier base.
When the retailer does not have the option to work

directly with the suppliers, we know from Theorem 2
that the intermediary profits are maximized for pro-
ducts with number of suppliers Smax = 2s2/d2. How-
ever, from Part 3 of Corollary 1, we know that if the
number of suppliers is smaller than Smin, then the
retailer would choose to work directly with the sup-
pliers, and this would result in zero profit for the
intermediary. Faced with this threat, the intermediary
may optimally choose to carry products with number
of suppliers S [ Smax. This intuition is formalized in
the following proposition.

COROLLARY 2. Suppose the retailer has the option to deal
directly with suppliers. In this case, the intermediary
profit is unimodal in the number of suppliers, and the
intermediary profit is maximized for a number of suppli-
ers

�S ¼
Ss [ Smax if Ss [ 0 and ð ffiffiffi

2
p � 1Þðd1 � s1Þ

[
ffiffiffi
2

p ðvþ 2
ffiffiffiffiffiffiffi
Fs2

p Þ;
Smax otherwise;

8<
:

ð15Þ
where Ss � 8s22ð½# � ffiffiffi

F
p �þÞ2=ðd2½ðd1 � s1Þ2 � 4s2

� ð½# � ffiffiffi
F

p �þÞ2�Þ, and # ¼ ðd1 � v � s1Þ=ð2 ffiffiffiffi
s2

p Þ:

Corollary 2 implies that, when the condition in the
first part of Equation (15) holds, the threat that the
retailer may deal directly with suppliers gives the
intermediary an incentive to carry products with a
broader supplier base.
Figure 3 shows the intermediary profit as a function

of the number of suppliers for two cases with differ-
ent fixed cost F. The left panel has a higher fixed cost,
and in this case the intermediary is better off working
with Smax suppliers. The right panel has a lower fixed
cost, and this pushes the intermediary to prefer work-
ing with a higher number of suppliers Ss. The inter-
mediary profit is unimodal with respect to the
number of suppliers in both cases.

7. Conclusion

We characterize the market conditions under which
intermediaries thrive in a retailer-driven supply
chain. Our main finding suggests that intermediaries
prefer products for which the supply base is neither
too broad nor too narrow. This result not only helps
clarify the characteristics of products which are likely
to be favored by intermediaries, but also helps explain
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how the financial performance of intermediaries, and
hence, of economies reliant on this sector, may vary
depending upon the availability of supply.
Our main finding continues to hold in the presence

of horizontal competition among retailers and inter-
mediaries, the existence of shared and exclusive sup-
pliers, and the ability of the retailers to source directly
from the suppliers. We find, however, that the size of
the supply base that maximizes intermediary profits
decreases with horizontal competition among inter-
mediaries, and increases with the existence of exclu-
sive suppliers and direct sourcing.
Finally, our analysis sheds some light on the sug-

gestion by Rauch (2001) that network intermediaries
may not be adequately connecting buyers and sellers
internationally. Specifically, our results show that, to
maximize their profits, intermediaries may choose to
carry products for which the existing capacity is inter-
mediate. The capacity of the supplier base that maxi-
mizes the overall supply-chain efficiency, however,
may be larger or smaller depending on the intensity
of competition among retailers. This implies that, in
order for policy intervention to be effective, it must be
tailored to the specific characteristics of the supply
chain in question.
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Appendix A. Proofs for the Results in
the Paper

PROOF OF THEOREM 1. Using backwards induction,
we start by considering the supplier tier. The jth
supplier optimally chooses to produce the quantity
such that its marginal cost equals the supply price;
that is, the quantity qs;j such that

ps ¼ s1 þ s2qs;j: ðA1Þ

This implies that the supplier profit is

ps;j ¼
s2q

2
s;j

2
: ðA2Þ

(a) (b)

Figure 3 Intermediary Profit Depending on Number of Suppliers with Direct Sourcing Option

Notes: This figure depicts the aggregate intermediary profit for a number of suppliers ranging between 1 and 12, and for two different values of the fixed
search cost F when the retailer has the option to deal directly with suppliers. We assume d2 = 0.25, s2 = 1, s1 = 3, d1 = 5, I = 1, R = 1, v = 0.1 and
F = 0.1 for the case depicted in the left panel, while F = 0.045 for the case in the right panel. The horizontal axis gives the number of suppliers and the
vertical axis gives the intermediary profit. Smax indicates the number of suppliers that maximizes the intermediary profit when the retailer does not have
the option to deal directly with suppliers. Smin indicates the minimum number of suppliers required for the retailer to choose using the intermediary.
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Using Equation (2) to eliminate the supplier price
from the intermediary decision problem, we obtain
the following equivalent decision problem for the
intermediary:

max
qi

pi � s1 þ s2
qi
S

� �h i
qi: ðA3Þ

It is clear that for a given intermediary price pi, the
quantity selected by the intermediary at equilibrium
is

qiðpiÞ ¼ Sðpi � s1Þ
2s2

: ðA4Þ

Using Equation (A4) to eliminate the intermediary
price from the retailer decision problem, we obtain
the following equivalent decision problem for the
retailer:

max
qr

d1 � d2qr � s1 þ 2s2
S

qr

� �� �
qr:

It is clear that the quantity selected by the retailer at
equilibrium is

qr ¼ Sðd1 � s1Þ
2ðd2Sþ 2s2Þ : ðA5Þ

From the market clearing conditions, Q ¼ qr
¼ qi ¼ Sqs;j for all j. The expression for ps follows
from Equation (A1); the expression for pi follows from
Equation (A4); the expression for pr follows from
Equation (5). Simple algebra leads to obtaining
Sps = s2Q

2/(2S); pi = s2Q
2/S; pr = (d1 � s1)Q/2. h

PROOF OF THEOREM 2. The result follows from
straightforward calculations using the expressions
obtained in Theorem 1. h

PROOF OF THEOREM 3. We prove the result in three
steps. First, we characterize the best response of the
intermediaries to the retailers. Second, we character-
ize the retailer equilibrium as leaders with respect
to the intermediaries. Third, simple substitution into
the best response functions leads to the closed form
expressions.

Step 1. The intermediary best response. We first show
that the intermediary equilibrium best response
exists, is unique, and is symmetric. It is easy to see
that the intermediary decision problem

max
qi;l

pi � s1 þ s2
qi;l þQi;�l

S

� �� �
qi;l

is a strictly concave problem that can be equiva-
lently rewritten as a linear complementarity problem
(LCP); see Cottle et al. (2009) for an introduction to
complementarity problems. Hence, the intermediary
order vector qi = (qi,1, . . ., qi,I) is an intermediary
equilibrium if and only if it solves the following
LCP, which is obtained by concatenating the LCPs
characterizing the best response of the I intermedi-
aries 0 � ð�pi þ s1Þe þ ðs2=SÞMiqi ? qi � 0, where e
is the I-dimensional vector of ones, and Mi 2 RI � RI

is a positive definite matrix whose diagonal ele-
ments are all equal to one and whose off-diagonal
elements are all equal to two. Thus, this LCP has a
unique solution which is the unique intermediary
equilibrium best response. Because the intermediary
equilibrium is unique and the game is symmetric
with respect to all intermediaries, the intermediary
equilibrium must be symmetric. Indeed, if the equi-
librium was not symmetric, because the game is
symmetric with respect to all intermediaries, it
would be possible to permute the strategies among
intermediaries and obtain a different equilibrium,
thereby contradicting the uniqueness of the equilib-
rium.
We now characterize the intermediary equilibrium

best response. To avoid the trivial case where the
quantity produced equals zero, we assume the equi-
librium production quantity is nonzero. In this case,
for the symmetric equilibrium, the first-order opti-
mality conditions for the intermediary are:
pi � (s1 + s2Q/S) � s2Q/(SI) = 0, where Q is the
aggregate intermediary order quantity, aggregated
over all intermediaries. Hence, the intermediary
price can be written at equilibrium as

pi ¼ s1 þ s2
I þ 1

SI
Q: ðA6Þ

Note that the intermediary margin is therefore
mi = pi � ps = s2Q/(SI), and the intermediary profit
is

pi ¼ mi
Q

I
¼ s2Q2

SI2
: ðA7Þ

Step 2. The retailer equilibrium. We first show that
the retailer equilibrium exists, is unique, and is sym-
metric. The kth retailer decision is

max
qr;k

�
d1 � d2ðqr;k þQr;�kÞ

�
�
s1 þ s2

I þ 1

SI
ðqr;k þQr;�kÞ

��
qr;k:

ðA8Þ

It is easy to see from Equation (A8) that the retai-
ler problem is a strictly concave problem that can be
equivalently rewritten as an LCP. Hence, the retailer
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order vector qr = (qr,1, . . ., qr,R) is a retailer equilib-
rium if and only if it solves the following LCP,
which is obtained by concatenating the LCPs charac-
terizing the optimal strategy of the R retailers:
0 � ð�d1 þ s1Þe þ ðd2 þ s2ðI þ 1Þ=ðSIÞÞMrqr ? qr �
0, where e is the R-dimensional vector of ones, and
Mr 2 RR � RR is a positive definite matrix whose
diagonal elements are all equal to two and whose
off-diagonal elements are all equal to one. Thus, this
LCP has a unique solution which is the unique retai-
ler equilibrium. Using an argument similar to the
intermediary equilibrium, the retailer equilibrium
must be symmetric.
We now characterize the retailer equilibrium. To

avoid the trivial case where the quantity produced
equals zero, we focus on the more interesting case
with nonzero quantities. For the symmetric equilib-
rium, the first-order optimality conditions for the
retailer can be written as d1 � s1 � ðd2 þ
s2ðI þ 1Þ=ðSIÞÞðR þ 1Þqr;k ¼ 0, and therefore assum-
ing d1 ≥ s1, we have that the optimal retailer order
quantity is

qr;k ¼ d1 � s1
ðRþ 1Þðd2 þ s2 Iþ1

SI Þ
¼ SI

ðd2SI þ s2ðI þ 1ÞÞ
d1 � s1
ðRþ 1Þ ;

ðA9Þ
the intermediary price is

pi ¼ s1 þ s2
RðI þ 1Þ

d2SI þ s2ðI þ 1Þ
d1 � s1
ðRþ 1Þ ;

and the retailer profit is

pr ¼ d1 � s1 � d2 þ s2
I þ 1

SI

� �
R

Rþ 1

d1 � s1
d2 þ s2

Iþ1
SI

	 

" #

� 1

Rþ 1

d1 � s1
d2 þ s2 Iþ1

SI

	 

¼ SIðd1 � s1Þ2

d2SI þ s2ðI þ 1Þð ÞðRþ 1Þ2 :

ðA10Þ
Step 3. Derivation of the final results. It follows from

Equation (A9) that

Q ¼ Rqr;k ¼ RSI

ðd2SI þ s2ðI þ 1ÞÞ
d1 � s1
ðRþ 1Þ : ðA11Þ

Since qs;j ¼ Q=S, the expression for the supply price
follows from Equation (1). The expression for the
intermediary price follows from Equations (A6) and
(A11). The retailer price is obtained by substituting
Equation (A11) into (5). Expressions for mi = pi � ps
and mr = pr � pi are obtained by direct substitution.
Using qs;j ¼ Q=S, Equations (A2) and (A11), we

obtain the supplier profit. Substituting Equation
(A11) into (A7) leads to the expression for the inter-
mediary profit. The expression for pr was found in
Equation (A10). Finally, the total aggregate profit
follows from straightforward algebra. h

PROOF OF THEOREM 4. The result follows from
straightforward calculations using the expressions
obtained in Theorem 3.

PROOF OF THEOREM 5. The objective of a central plan-
ner is to maximize the sum of the profits of all sup-
ply chain members:

max pc ¼SðpS � s1 � s2
2
qSÞqS þ Iðpi � pSÞqI

þ Rðpr � piÞqR
where qS, qI and qR are respectively the quantities
selected by each supplier, intermediary and retailer.
Since Q = SqS = IqI = RqR, the central planner’s
problem is equivalent to

max pc ¼ ðpr � s1 � s2
2

Q

S
ÞQ ¼ ðd1 � d2Q� s1 � s2

2

Q

S
ÞQ:

The first-order optimality conditions are d1 � s1 � 2
(d2 + s2/2S)Q = 0, which result in Q = (d1 � s1)/
(2d2 + s2/S). Therefore the total supply chain profit
in the centralized chain is

pc ¼ d1 � s1 � d2 þ s2
2S

� � d1 � s1
2d2 þ s2

S

� �
d1 � s1
2d2 þ s2

S

¼ ðd1 � s1Þ2
2ð2d2 þ s2

SÞ
: ðA12Þ

Equation (12) is obtained by direct substitution of the
aggregate profit given in Theorem 3 and Equation
(A12). The monotonicity properties follow by apply-
ing straightforward calculus to the partial derivatives
of the efficiency with respect to R, S, and I. h

PROOF OF PROPOSITION 1. Consider S suppliers, I inter-
mediaries, and R retailers. Suppliers may be shared
or exclusive to intermediaries. Supplier j works with
Ij intermediaries. One intermediary can offer different
prices to different suppliers. The supplier price
depends on the total quantity supplied by this sup-
plier (to all the intermediaries that he works with).

Denote I j the set of Ij intermediaries that the jth
supplier works with. Those intermediaries offer the
supplier a price p

j
s such that:

pjs ¼ s1 þ s2
X
l2I j

qj;l
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where qj,l is the quantity that the jth supplier pro-
vides to the lth intermediary.
Intermediaries are price-takers. Given pi, for each

supplier j that he works with, the lth intermediary
chooses quantity qj,l to maximize profits:

max ½pi � pjs�qj;l:
Since p

j
s ¼ s1 þ s2

P
l02I j q

j;l0 ¼ s1 þ s2ðqj;l þ Q
j;�l
s Þ,

where Q
j;�l
s is the quantity provided by the jth sup-

plier to intermediaries other than the lth within set
Ij, the lth intermediary’s problem for the jth sup-
plier can be written:

max ½pi � s1 � s2ðqj;l þQj;�l
s Þ�qj;l:

The lth intermediary decision problem for the jth
supplier is a strictly concave problem that can be
equivalently rewritten as a LCP

0� � pi þ s1 þ 2s2q
j;l þ s2

X
l0 6¼l;l02I j

qj;l
0 ? qjl � 0:

Concatenating the LCPs of all intermediaries who
work with the jth supplier, we find that the jth sup-
plier order quantity vector q̂j ¼ ðqjlÞl2I j

is an equilib-
rium if and only if it solves the LCP

0�ð�pi þ s1Þej þMjq̂j ? q̂j � 0;

where Mj is a square positive definite matrix of
size Ij with two on the diagonal and one on the
off-diagonal entries, and ej is a vector of size Ij
with one for each component. Thus this LCP has a
unique solution which is the unique intermediary
best response for the jth supplier. Note that each
of the intermediaries working with the jth supplier
is facing the same problem for this supplier.
Because the equilibrium is unique, it must be sym-
metric across those intermediaries. It follows that
qj;l ¼ qj;l

0
for all l,l

0
within set I j. Hence,

Q
j;�l
s ¼ ðIj � 1Þqj;l and

pi ¼ s1 þ s2ðIj þ 1Þqj;l;

i.e.,

qj;l ¼ pi � s1
s2ðIj þ 1Þ :

The total quantity supplied by supplier j is

Qj ¼ Ijq
j;l ¼ pi � s1

s2

Ij
Ij þ 1

: ðA13Þ

The total quantity supplied jointly by all suppliers is

Q ¼
X
j

Qj ¼ pi � s1
s2

X
j

Ij
Ij þ 1

:

It is easy to notice that there exists �I 2 ½1; I� such
that

�I
�Iþ1

¼ 1
S

PS
j¼1

Ij
Ijþ1 2 ½0:5; 1�. Then we have

Q ¼ pi � s1
s2

S
�I

�I þ 1
:

Therefore, the retailer equilibrium, the intermediary
price and the aggregate quantity in the general case
where each supplier works with Ij intermediaries
are the same as for the case where all suppliers
work with �I intermediaries.
Using the proof of Theorem 3, we get

Q ¼ RS�I

d2S�I þ s2ð�I þ 1Þ
d1 � s1
Rþ 1

:

In particular, it follows that

pi � s1
s2

¼ Rð�I þ 1Þ
d2S�I þ s2ð�I þ 1Þ

d1 � s1
Rþ 1

: ðA14Þ

The lth intermediary’s profit is

pli ¼
X
j:l2I j

ðpi � pjsÞqj;l

¼
X
j:l2I j

ðs1 þ s2ðIj þ 1Þqj;l � s1 � s2Ijq
j;lÞqj;l

¼s2
X
j:l2I j

ðqj;lÞ2:

ðA15Þ

PROOF OF PROPOSITION 2. Suppose that the lth inter-
mediary works with a group of Sl exclusive suppliers.
We have ∑lS

l = S. For all j, Ij = 1 so �I ¼ 1. Using
Equation (A15), the lth intermediary’s profit is

pli ¼ Sls2ðqj;lÞ2:

We have

Q ¼ RS

d2Sþ 2s2

d1 � s1
Rþ 1

:

Because the different suppliers are not linked via any
constraint, the intermediary’s decision about which
quantity to order from a given supplier is indepen-
dent from those about other suppliers. As every sup-
plier is exclusive, this case is equivalent to the case
with a single intermediary working with all suppliers,
and thus each supplier gets the same order quantity:

qj;l ¼ Q=S ¼ R

d2Sþ 2s2

d1 � s1
Rþ 1

:

Hence,

pli ¼
Sl

ðd2Sþ 2s2Þ2
s2R2ðd1 � s1Þ2

ðRþ 1Þ2 :
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Hence the aggregate intermediary profits are

X
l

pli ¼
S

ðd2Sþ 2s2Þ2
s2R2ðd1 � s1Þ2

ðRþ 1Þ2 :

It is clear that the aggregate intermediary profits are
unimodal in S, reaching a maximum for S = 2s2/
d2 > (I + 1)s2/(Id2) = Smax suppliers. Finally, it is
straightforward from Theorem 3 to find that the
intermediary profits when all suppliers are shared
are given by

S

ðd2SI þ ðI þ 1Þs2Þ2
s2R2Iðd1 � s1Þ2

ðRþ 1Þ2 ðA16Þ

and are decreasing in I. Moreover, the aggregate
intermediary profits when suppliers are exclusive
match expression (A16) after substituting I = 1.
Hence, the intermediary profits when suppliers are
exclusive are higher than when they are shared. h

PROOF OF PROPOSITION 3. Suppose two intermediaries
(intermediary 1 and intermediary 2) work with
respectively S1 = h1S and S2 = h2S exclusive suppli-
ers, as well as S12 = h12S shared suppliers. Thus
S = S1 + S2 + S12, i.e. h1 + h2 + h12 = 1. For each
exclusive supplier, Ij = 1 and for each shared sup-
plier, Ij = 2. It follows that

S
�I

�I þ 1
¼

X
j

Ij
Ij þ 1

¼ ðS1 þ S2Þ 1

1þ 1
þ S12

2

2þ 1

¼ S1 þ S2
2

þ 2S12
3

;

and hence

�I ¼ 1

1� 1
S ðS1þS2

2 þ 2S12
3 Þ � 1 ¼ 1

1� ðh1þh2
2 þ 2h12

3 Þ � 1:

ðA17Þ
We have

Q ¼ RS�I

d2S�I þ s2ð�I þ 1Þ
d1 � s1
Rþ 1

:

Denote qe the quantity provided to the intermediary
by an exclusive supplier, and qs the quantity pro-
vided to each intermediary by a shared supplier.
Using Equation (A15), the lth intermediary’s profit
is

pli ¼ s2ðSlq2e þ S12q
2
s Þ:

Using Equation (A13), we have

qe ¼ pi � s1
2s2

; qs ¼ 2

3

pi � s1
s2

:

Using Equation (A14), it follows that

qe ¼ 1

2

Rð�I þ 1Þ
d2S�I þ s2ð�I þ 1Þ

d1 � s1
Rþ 1

;

qs ¼ 2

3

Rð�I þ 1Þ
d2S�I þ s2ð�I þ 1Þ

d1 � s1
Rþ 1

:

Thus the lth intermediary profit is

pli ¼ s2
Rð�I þ 1Þ

d2S�I þ s2ð�I þ 1Þ
d1 � s1
Rþ 1

� �2
Sl
4
þ 4

9
S12

� �
:

It follows that the aggregate intermediary profits
are

p1i þ p2i ¼ s2
h1 þ h2

4
þ 8

9
h12

� �
Rð�I þ 1Þ d1 � s1

Rþ 1

� �2

� S

ðd2S�I þ s2ð�I þ 1ÞÞ2 :

Using Equation (A17), we find that �I is indepen-
dent of S. Then it is easy to see that the aggregate
intermediary profits are unimodal with respect to
the number of suppliers, achieving a maximum for
s2ð�I þ 1Þ=ðd2�IÞ suppliers. This number of suppliers
is less than or equal to (I + 1)s2/(Id2) = Smax because
�I � I. h

PROOF OF PROPOSITION 4. Part 1. We assume that
there are SR symmetric suppliers, but no intermedi-
ary. The demand function remains pr = d1 � d2Q.
Following the reasoning detailed in previous sec-
tions, the retailer’s decision problem can be formu-
lated as maxqr ½d1 � d2qr � ðs1 þ ðs2=SRÞqrÞ � v�qr;
which is identical to Equation (A8) with (I + 1)/I =
1 (and Qr,�k = 0), i.e. I = ∞, and with an intercept of the
consumer inverse demand function equal to d1 � v.

Part 2. In the first stage, the retailer chooses a
number of suppliers SR to maximize her profits
net of fixed costs. Using Theorem 3 and Proposi-
tion 4 part 1, we can write the first-stage retailer
decision as:

max
SR � 0

�pr ¼ SR
d2SR þ s2

ðd1 � v� s1Þ2
4

� SRF: ðA18Þ

We have

@�pr
@SR

¼ðd1 � v� s1Þ2
ðRþ 1Þ2

s2

ðd2SR þ s2Þ2
� F and

@2�pr
@S2R

¼� ðd1 � v� s1Þ2
ðRþ 1Þ2

2s2d2

ðd2SR þ s2Þ3
\0;

and thus the concavity result follows. Then, using
first-order optimality conditions in the presence of a
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non-negativity constraint, we obtain that the optimal
value of SR is the solution to s2(d1 � v � s1)

2/
((d2SR + s2)

2(R + 1)2) = F if this solution is non-nega-
tive, and otherwise SR = 0. h

PROOF OF COROLLARY 1. The result follows by
straightforward algebraic manipulation of Equation
(14). h

PROOF OF COROLLARY 2. It is straightforward that
�S ¼ maxfS�; Sming. Algebraic manipulation of the
expression of Smin given in Corollary 2 leads to find-
ing that Smin = cS* where

c ¼
4s2ð½d1�v�s1

2
ffiffiffi
s2

p � ffiffiffi
F

p �þÞ2

ðd1 � s1Þ2 � 4s2ð½d1�v�s1
2
ffiffiffi
s2

p � ffiffiffi
F

p �þÞ2 :

It is easy to find that c > 1 (i.e., Smin > S*) iff

d1 � v� s1
2

ffiffiffiffi
s2

p �
ffiffiffi
F

p� �þ
[ 0

and

2ðd1 � s1 � v� 2
ffiffiffiffiffiffiffi
Fs2

p
Þ2 [ ðd1 � s1Þ2;

which is equivalent to condition (15). h

Notes
1To see this, note that confronted with a heterogeneous (in
cost) supply base, the intermediaries would first order
from the cheapest supplier (up to its maximum capacity)
and then engage with progressively more expensive sup-
pliers. Such a supplier selection procedure would result in
an increasing aggregate marginal cost function (common
to all intermediaries) that could be approximated with a
linearly increasing marginal cost function: c0ðQÞ ¼
s1 þ ŝ2�Q with ŝ2 [ 0. It is easy to see that the equilib-
rium and the insights from our model would not change
much if we used this aggregate supply function provided
that ŝ2 ¼ s2=S.
2Linear demand models have been widely used both in
the Economics literature (see, for instance, H€ackner 2003,
Singh and Vives 1984) as well as in the Operations Man-
agement literature (C&K, Farahat and Perakis 2009, Fara-
hat and Perakis 2011).
3We have also considered a model where the retailer
offers a two-part tariff to the intermediary. However, we
find that as the retailer sets the contract terms to maximize
its own profit while guaranteeing a reservation profit to
the intermediary, the intermediary earns exactly its reser-
vation profit, leaving all surplus to the retailer. Thus, this
is not adequate to model intermediation because, as
explained in Rauch (2001, p. 1196), intermediaries do keep
a margin, but they have little leverage to raise their payoff
through side payments or other means.

4In addition to M&S, other authors who have assumed
increasing marginal costs include Anand and Mendelson
(1997), Correa et al. (2014), and Ha et al. (2011).
5One of the key rationales for modeling decreasing mar-
ginal cost of supply (economies of scale) is that any fixed
cost of capacity investment can be defrayed over multiple
units.
6Note that we do not consider the number of suppliers
to be a decision of the intermediary: the number of sup-
pliers in the intermediary’s supplier base is determined
by the extent of its existing relationships with local sup-
pliers. Changing the number of suppliers is a long-term
decision (e.g., aided by regulatory intervention), whereas
our model is intended to capture a shorter time hori-
zon.
7Theorem 5 shows that a single retailer (R = 1) recovers
full efficiency for the case with an infinite number of sup-
pliers. The reason for this is that in this case the supplier
and intermediary margins converge to zero, and the retai-
ler effectively manages the entire supply chain as a
monopolist.
8Note that although SR should be an integer, for tractabil-
ity we approximate the integer problem with its continu-
ous relaxation and do not impose integrality constraints
on SR. Due to the concavity of the formulation, as shown
in Proposition 4 part 2, the optimal integer value is the
integer below or above the solution of the continuous
relaxation.
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