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Abstract
Shelf space scarcity is a predominant aspect of the consumer goods industry. This pa-
per analyzes its implications for category management. We consider a model where two
competing manufacturers sell their differentiated products through a single retailer who
determines the shelf space allocated to the category. The scope of category manage-
ment is pricing. We consider two category management mechanisms: retailer category
management, where the retailer determines product prices, and category captainship,
where a manufacturer in the category determines them. Our analysis reveals that the
retailer can use the form of category management and the category shelf space to control
the intensity of competition between manufacturers to his benefit. We also show that
the emergence of category captainship depends on the degree of product differentiation,
the opportunity cost of shelf space and the profit sharing arrangement in the alliance.
The equilibrium category shelf space under category captainship may be higher than
under retailer category management if the value to the retailer of eliminating double
marginalization and putting price pressure on the non-captain manufacturer dominates
the loss from sharing the profit with the category captain. Category captainship has
been criticized for disadvantaging non-captain manufacturers. While we provide some
support for this claim, we also find that category captainship may benefit non-captain
manufacturers when implemented by a powerful retailer in categories with sufficiently
differentiated products, since the shelf space allocated to the category increases in this

case.
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1 Introduction

A product category is defined as a group of products that consumers perceive to be in-
terrelated and/or substitutable. Soft drinks, oral care products and breakfast foods are
some examples of retail categories. Category management is a process for managing entire
product categories as business units. Unlike the traditional brand-by-brand or SKU-by-
SKU focus, category management emphasizes the management of a product category as a
whole, allowing the decision maker to take into account the customer response to decisions
made about substitutable or interrelated products. In particular, category management
involves decisions such as product assortment, pricing, and shelf-space allocation to each
product on the basis of category goals. Taking into account the interdependence between
products increases the effectiveness of these decisions. However, category management re-
quires that significant resources be dedicated to understanding the consumer response to
the assortment, pricing and shelf placement decisions of products within a category.
Traditionally, category management decisions were taken by the retailer, a practice that
we henceforth call “retailer category management” (RCM). Recently, retailers have started
to outsource category management to their leading manufacturers, a practice often referred
to as “category captainship” (CC). For example, Carrefour implements category captainship
with Colgate in the oral care category (ECR Conference 2004), and Walmart designates
category captains in some of their product categories (Gjaja et al. 2002). Factors such
as the increase in the number of product categories offered by retailers, combined with the
scarcity of resources to manage each category effectively have given rise to this new trend. In
a typical category captainship arrangement, the retailer shares pertinent information such as
sales data, pricing, turnover, and shelf placement of the brands with the category captain.
The category captain, in return, conducts analysis about the category and provides the
retailer with a detailed plan that includes recommendations about which brands to include
in the category, how to price each product, how much space to allocate to each brand, and
where to locate each brand on the shelf. The retailer is free to use or discard any of the
recommendations provided by the category captain. In practice, retailer response ranges

from adoption of all recommendations to a process for filtering and selectively adopting



manufacturer recommendations.

The number of products in the consumer goods industry increased by 16% per year
between 1985 and 1992, while shelf space increased by only 1.5% per year during the same
period (Quelch and Kenny 1994). The persistent scarcity of shelf space has two important
implications:

First, in a typical implementation of category management, the retailer first determines
the category shelf space on the basis of category goals, and then gives each category manager
the responsibility of making within-category decisions. With many categories to place in a
limited amount of store space, retailers carefully scrutinize the relative profitability of each
category to determine how much space is allocated to it (Chen et al. 1999). For best results,
this decision should depend on the characteristics of the products in each category. Since
using retailer category management versus category captainship changes the profitability
of a category, the optimal level of category shelf space differs between the two forms of
category management. The consequences of such a difference for the parties involved is not
clear.

Second, shelf-space scarcity intensifies manufacturer competition. In Store Wars, Corstjens
and Corstjens (1995) describe contemporary national brand manufacturers as being in a con-
tinuous battle for shelf space at the retailer. In this context, category captainship may dis-
advantage the non-captain manufacturers. Indeed, there is an emerging debate on whether
or not category captainship poses antitrust challenges such as competitive exclusion, where
the category captain takes advantage of its position and harms the other manufacturers in
the category (Steiner 2001, Desrochers et al. 2003, Greenberger 2003, Leary 2003, Klein
and Wright 2006).

Motivated by these issues, we pose the following research questions:

1. How should the retailer assign shelf space to a category? How does the optimal
category shelf space depend on product characteristics and the choice of category

management mechanism?
2. Under what conditions does category captainship benefit each stakeholder?

3. Does category captainship always result in competitive exclusion, i.e., is the sales



volume of the non-captain manufacturer lower under category captainship?

To answer these questions, we consider a two-stage supply chain where two competing
manufacturers each sell one product to consumers through a common retailer. The products
are substitutes and the scope of category management is pricing. To capture the retailer’s
shelf-space concern, we incorporate an opportunity cost for shelf space in the model. With
either retailer category management or category captainship, the retailer first determines
the category shelf space by trading off his expected share of category profits with the
opportunity cost of the shelf space. In RCM, the retailer then determines the retail prices
of the two products subject to the shelf-space constraint and the wholesale prices quoted
by the manufacturers. In CC, the retailer forms an alliance with one of the manufacturers,
whom we refer to as the category captain. This manufacturer determines the retail prices
of the two products subject to the shelf-space constraint and the wholesale price quoted by
the non-captain manufacturer. We characterize the equilibrium category shelf-space level,
wholesale prices, retail prices and equilibrium sales volumes in the two scenarios. This
analysis sheds light on how the retailer should utilize the scarce shelf space. We compare
the two scenarios to investigate the impact of using category captainship versus retailer
category management on all stakeholders.

The rest of the paper is organized as follows. The next section places our paper in
the context of the existing literature and outlines our contributions. In §3, we describe
the model and discuss our assumptions. §4 analyzes the retail category management and
category captainship scenarios, while §5 investigates the impact of category captainship on

all the parties in the supply chain. §6 concludes with various implications of our analysis.

2 Contributions to the Literature

Despite more than a decade of implementation, there is limited academic research con-
cerning category captainship. Only two papers address this topic (Niraj and Narasimhan
2003, Wang et al. 2003); most of the focus has been on retailer category management. For
example, Choi (1991) and Basuroy et al. (2001) analyze the impact of retailer category

management on retailer prices and performance. The main focus of papers on retailer cat-



egory management has been the transition from a brand focus to a category focus. Our
research, on the other hand, focuses on the transition from retailer category management
to category captainship.

Our research makes several contributions to the literature: First, shelf space scarcity
is an important feature of the consumer goods industry. Therefore, it is important to
understand how retailers should use category shelf space to maximize profitability under
both RCM and CC, and to identify the resulting impact on the manufacturers. Previous
literature has analyzed shelf-space allocation from different perspectives. For example,
Corstjens and Doyle (1981, 1983) consider a model where limited shelf space is allocated
among products with shelf-space-dependent demand. Martin-Herran et al. (2006) extend
the basic Corstjens and Doyle model to investigate the impact of limited shelf space on
manufacturer competition (i.e., wholesale prices) and the equilibrium space allocated to
each product. These papers take the level of shelf space as given. In our model, the category
shelf space level is determined endogenously prior to within-category shelf space allocation
decisions. An important consequence is that our model allows us to investigate how the
retailer’s category shelf space choice depends on the degree of product differentiation, market
potential and production cost, as well as the category management scenario in use.

Second, we broaden the knowledge base concerning the emergence of category cap-
tainship. Niraj and Narasimhan (2003) develop a model with two manufacturers who sell
their differentiated products to a retailer facing uncertain demand. The manufacturers and
the retailer each observe a demand signal before entering into a wholesale price contract.
Category captainship is defined as an exclusive information sharing alliance that one man-
ufacturer and the retailer enter into before the wholesale price game. They conclude that
such an alliance would emerge in equilibrium when the retailer’s demand signal reliability
is high and the manufacturers’ reliability is intermediate. Our research complements Niraj
and Narasimhan (2003) by investigating the emergence of category captainship when cate-
gory captainship is defined as a pricing alliance in an environment with limited shelf space.
We show that the emergence of category captainship depends on the degree of product
differentiation, the opportunity cost of shelf space and the profit sharing arrangement in

the alliance.



Third, we identify the fundamental ways in which limited shelf space affects the impact
of category captainship. Wang et al. (2003) also model category captainship as an alliance
between the retailer and the category captain, but do not incorporate shelf space consid-
erations. They show that the alliance profit always increases under category captainship,
whereas we find that including the opportunity cost of shelf space reverses this result under
some conditions. This happens when the retailer’s share of alliance profits is low enough
that he significantly reduces the category shelf space, leaving at least one of the alliance
members worse off. Irrespective of shelf space concerns, there are a wide range of condi-
tions where both the retailer and the category captain benefit from category captainship.
At the same time, the existence of an opportunity cost significantly changes the range of
profit sharing arrangements where these two parties are both willing to enter into a category
captainship alliance.

Wang et al. (2003) conclude that category captainship benefits the retailer and the
category captain, but disadvantages the non-captain manufacturer. The non-captain man-
ufacturer can only benefit from a restricted form of category captainship where the category
captain is only given the authority to determine his own product’s retail price. In contrast,
we find that even with full pricing authority, there exists conditions where the non-captain
manufacturer benefits from category captainship when the opportunity cost of shelf space
is taken into account. The reason is that the increase in the relative profitability of the
category from switching to category captainship can result in an increase in the category
shelf space and can create value for the non-captain manufacturer. The threshold deter-
mining whether competitive exclusion takes place or not depends on the degree of product
differentiation and the retailer’s share of alliance profits. We also find that high opportunity
cost exacerbates competitive exclusion.

Finally, as discussed earlier, some economists have voiced antitrust concerns related to
category captainship (Steiner 2001, Desrochers et al. 2003, Leary 2003, Klein and Wright
2006). Our research contributes to the ongoing debate by offering theoretical support for
the existence of competitive exclusion, but also identifying conditions under which such

concerns need not arise.



3 The Model

We consider a two-stage supply chain model with two manufacturers that each produce
one product in a given category and sell them to consumers through the same shelf-space-
constrained retailer. Below, we discuss our main modelling assumptions.

The demand for each product at the retailer is given by the linear demand functions

@ =a—p1+0(p2—p1) g2 = a—pa+0(p1 — p2), (1)

where p; and py are the retail prices of the two products and 6 € [0,1]. The unit production
cost of both products is ¢. The production cost and the demand are common knowledge.

The parameters in the demand system have the following interpretation. If the retail
prices for both products are set to zero, the demand for each product is a. Therefore, we
interpret a as the market potential of each product. The parameter 8 is the cross-price
sensitivity parameter that shows by how much the demand for product j increases as a
function of a unit price increase in product i. The assumption 6 € [0,1] implies that the
products are substitutable. As # increases, the demand for product i, ¢;, becomes more
sensitive to price changes of product j, p;. Hence, the parameter 6 measures the degree of
substitution across the products (hence, the degree of competition). The parameter 6 is also
inversely related to the degree of product differentiation.

The linear demand system described in (1) is consistent with Shubik and Levitan (1980)
and is widely used in marketing (McGuire and Staelin 1983, Choi 1991, Wang et al. 2003)
and economics (Vives 2000, and references therein). The demand functions can be justified
on the basis of an underlying consumer utility model: They are derived by assuming that
consumers maximize the utility they obtain from consuming quantities q; and gs at prices py
and po, respectively. The underlying utility model and the corresponding demand function
derivation are given in Appendix A. The utility representation is useful as it allows us to
calculate consumer surplus.

Since retailers operate on very thin margins, every unit of shelf space is scrutinized for
profitability. In particular, retailers have to make decisions on how to allocate the total
store space between categories. Retailers typically allocate category shelf space based on

the profitability of each category relative to the other categories (Corstjens and Doyle 1981,



Chen et al. 1999); space allocated to one category means profits foregone from another. To
capture this within our model consisting of one focal category, we assume that the retailer
determines the shelf space for the category based on the opportunity cost of the shelf space,
C(S), a convex increasing function. For tractability, we assume that C(S) = kS?.

Once the retailer decides on the category shelf space S, the pricing decisions are made
subject to the constraint g; + go < S. This model admits two interpretations. In the first
interpretation, ¢; and gs can be viewed as demand rates for each product per replenishment
period; the retailer prices the products so that the total demand rate does not exceed the
shelf space availability. In the second interpretation, ¢; and ¢ can be viewed as the long-
term volumes to be purchased and sold subject to a total volume target for the category.

We consider the following two scenarios that differ in who manages the category, i.e.,
who determines retail prices. In the first scenario, retailer category management (RCM), we
assume the retailer determines the retail price for each product to maximize the category
profit subject to the category shelf space already determined by the retailer. In this scenario,
the manufacturers are in wholesale price competition to sell to the retailer, modeled as a
simultaneous-move wholesale price game.

In the second scenario, category captainship (CC), the retailer designates one of the
manufacturers as the category captain and delegates the pricing decisions to him. We
model category captainship as in Wang et al. (2003) by assuming that the retailer and the
category captain form an alliance. The non-captain manufacturer offers a wholesale price
to the alliance strategically in expectation of the quantity demanded of its product. The
category captain then determines retail prices to maximize the alliance profit. In making
the category shelf space decision, the retailer assumes that he will get a fraction ¢ of the
alliance profit. The value of ¢ is either set at the beginning of the category captainship
agreement, or it is the fraction of profits the retailer expects to obtain in ex-post negotiation

with the category captain.



4 Analysis

In §4.1 and §4.2, we analyze the RCM and CC scenarios, respectively, and in §5, we compare

them to identify the impact of category captainship on all stakeholders.

4.1 Retailer Category Management (RCM)

In the retailer category management scenario, the retailer first decides on the category shelf
space and announces this category shelf space to the manufacturers. The manufacturers
then play a simultaneous-move Nash game in the wholesale prices. Finally, given the whole-
sale prices, the retailer determines the retail prices for both products. Figure 1 illustrates

the sequence of events in the RCM scenario.

Retailer determines Manufacturers Retailer sets retail prices
the shelf space S to offer their to maximize category
be allocated to the wholesale prices  profit subject to shelf-
entire category w; and w, space constraint
i | | > time
Stage 1 Stage 2 Stage 3

Figure 1: Sequence of events for the RCM scenario

We solve the problem by backward induction. In the third stage of the game, the retailer
solves the following constrained profit maximization problem for a given category shelf space

S and wholesale prices wy and ws:

max (p1 — wi)q1(p1,p2) + (P2 — w2)q2(p1, p2) (2)

st. q(p1,p2) + q2(p1,p2) < S

q1(p1,p2) 20,  q2(p1,p2) > 0.

Let ¢ (w1, w2) and go(wy,w2) denote the optimal quantities determined in the above opti-
mization problem for given wholesale prices (w1, ws) and category shelf space S. Appendix
B.1 characterizes ¢ (w1, w2) and §a(wi, ws).

Manufacturer ¢’s profit is

II; (w;, wy) = (w; — ¢)@i(w;,w;) ford,j=1,2 and i # j.



In the second stage of the game, anticipating the retailer’s response functions §;(wi, w2)
and go(wy,we), the manufacturers play a simultaneous move wholesale price game. The
resulting Nash equilibrium wholesale prices are characterized in Appendix B.2.

In the first stage of the game, the retailer determines the category shelf space taking into
account the subgame starting in stage two, and the opportunity cost associated with the
category shelf space, kS2. The following proposition provides the equilibrium category shelf
space in the RCM scenario, denoted by Sg, and the resulting equilibrium sales volumes,

wholesale and retail prices, and equilibrium manufacturer and retailer profits.

Proposition 1 Let k > kgr(0). Then Sg = %&Jﬁ%. The equilibrium sales volumes

are given by q{% = q§ = Sgr/2. The equilibrium wholesale and retail prices are given by

25 2(a— s .
wl = wl =c+ Tqoe) = ¢+ kaﬂm and pft = pf = a — 5. The retailer’s profit
2 _ )2
in equilibrium is given by TECM = (a — ¢)Sk — % — kS% = Wm, and the
2 )2
manufacturer profits are given by THHCM = [TFCM — fje = (5$0i>2k((11f209)))2'

Proof The proof is in Appendix B.3. =

The condition k > k() assures that the opportunity cost of shelf space is high enough
that the retailer’s equilibrium category shelf space choice results in a binding constraint;
this allows us to focus on environments where the category shelf space is scarce.

The equilibrium category shelf space level, manufacturer profits and retailer profits all
increase in the market potential parameter a, which is intuitive. The opportunity cost
parameter has the opposite effect on these values, as expected.

Interestingly, the equilibrium category shelf space increases in the parameter 6, i.e. the
retailer allocates more category shelf space as the products in the category become less
differentiated. To explain this, note that for a fixed level of category shelf space, less
differentiation between products creates more competition between the manufacturers and
drives wholesale prices down, while retail prices are unaffected. Thus, less differentiation
increases the profitability of the category, incentivizing the retailer to increase the category
shelf space. A counterbalancing force is the retailer’s incentive to keep category shelf space

limited to fuel the competition between the manufacturers. We observe that the equilibrium



wholesale price decreases in 6 in conjunction with an increase in category shelf space. In
other words, in response to an increase in 6, the retailer strikes a balance between keeping
category shelf space limited to maintain wholesale price competition and allocating more
space to sell more of that category’s products.

The equilibrium retailer profit increases in 6. This follows directly from the discussion
above: The retailer transforms the increased competition between manufacturers into a
profit increase. The equilibrium effect on manufacturer profits is positive for k£ < 2(3?2299),
and negative for k larger than this threshold. This outcome is explained by the opposing
impacts of increased manufacturer competition and increased category shelf space on the
manufacturer. When k is small, i.e., the opportunity cost of shelf space is low, the equilib-
rium increase in shelf space in response to an increase in  is large and the revenue effect
due to the sales volume increase dominates the wholesale price decrease due to the increased
manufacturer competition. When k is large, the shelf space increase is less sensitive to an

increase in 6. Therefore, the wholesale price competition effect dominates the volume effect

and the manufacturers are worse off from an increase in 6.

4.2 Category Captainship (CC)

In the category captainship scenario, the retailer again determines the amount of category
shelf space S and announces it. The second manufacturer then offers a wholesale price for
its product to the alliance. Finally, the category captain determines the retail prices for
both products subject to the shelf space constraint. The retailer obtains a share ¢ of the

alliance profit. The sequence of events in the category captainship scenario is illustrated in

Figure 2.
Retailer determines Non Captain Category captain sets
the shelf space S to Manufacturer retail prices to maximize
be allocated to the offers its alliance profit subject to
entire category wholesale pricew,  shelf-space constraint
| | | > time
Stage 1 Stage 2 Stage 3

Figure 2: Sequence of events in the CC scenario
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We solve the problem by backward induction. In the third stage, the category captain
determines retail prices for both products to maximize the alliance profit for a given whole-
sale price wo and subject to the category shelf space constraint S. The category captain

solves the following optimization problem:

CC: max (p1 — €)q1 + (p2 — w2)q2 (3)
p1,p2

s.t. g +qgp<S

Q1207 Q220

Let ¢1(w2) and §¢a(w2) denote the optimal quantities determined in the above optimization
problem for a given we and S. Appendix C.1 characterizes ¢ (w2) and G2 (ws2).

In the second stage, given the category captain’s response function ga(ws), the second
manufacturer sets its wholesale price we. The resulting equilibrium wholesale price wg (9)
and equilibrium sales volumes ¢{'(S) and ¢¢'(S) for a given S are characterized in Appendix
C.2.

In the first stage, the retailer determines the category shelf space based on its expected
share ¢ of the profits in the subgame starting in stage two, and the opportunity cost of
shelf space, kS?. The following proposition provides the equilibrium category shelf space
in the CC scenario, denoted by S¢, and the resulting equilibrium sales volumes, wholesale

and retail prices, and equilibrium manufacturer and retailer profits.

Proposition 2 Let k > kc(,0). Then Sc = 5 0la=0)U420) _  The equilibrium sales vol-

(7+80)+8Kk(1+20) *
umes are given by qlc = ?’STC and QQC = %TC. The equilibrium wholesale and retail prices are
. Cc _ S, _ 4p(a—c) c Sc(3+40) p(a—c)(3+46)
given by wy = ¢+ 3557 = ¢+ grre R0y PT = @~ Tigeey — O 30450) 1eh(1590)

and pg =a— % =a— %. The retailer’s profit in equilibrium is given by

H%C =09 ((a —¢)Sc — M) —kS2 = 22(a—0(1420) Equilibrium manufacturer prof-

8(1+26) B(7+80)+8k(1+20) *
. . ool SZ(7480)\ _ 2¢(1—¢)(a—c)2(1420)[16k(1420)+¢(7+80)]
its are given by 117" = (1-¢) ((a — ¢)Sc — 79wy ) = {76+ 81 8601 16k0)2

S% _ 4(a—c)?(1+20)¢?
(1420) — (7¢+8¢p0+8k(1+26))2 -

cC _
and I3~ =

Proof The proof is in Appendix C.3. m
As in the RCM scenario, the condition k > ko (¢, 0) allows us to focus on environments

where the category shelf space is scarce.
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Note that even though the manufacturers are symmetric, the category captain is allo-
cated three quarters of the category shelf space compared to the non-captain manufacturer
who only gets one quarter of the category shelf space.

As in the RCM scenario, an increase in a increases the equilibrium category shelf space
and benefits all parties, while an increase in k reduces the equilibrium category shelf space
and hurts all parties. Equilibrium category shelf space and retailer profits increase in 6 as in
RCM, and the intuition is the same. The main qualitative difference between the two sce-
narios is observed in manufacturer profits. While under RCM, the opportunity cost of shelf
space determines whether manufacturer profits increase or decrease in 6 (based on whether
the manufacturer competition effect or the volume effect dominates), in the CC scenario,
the category captain profits always increase in 6, while the non-captain manufacturer’s prof-
its always decrease in 6. This can be explained by the level of competition between the
manufacturers. Because the category captain is in an alliance with the retailer, he is “pro-
tected” from wholesale price competition, while the non-captain manufacturer essentially
“competes” against a manufacturer who sets a wholesale price c¢. As a result, irrespective of
k, the negative competition effect dominates the positive volume effect for the non-captain

manufacturer and his profits decrease as the products become less differentiated.

5 Analyzing the Impact of Category Captainship

In this section, we compare retailer category management and category captainship by
comparing the results in Propositions 1 and 2, and investigate the effect of the transition to
category captainship on all stakeholders. The results in this section are driven by what we
dub the “profit potential” of the category for the retailer. All else being equal, a category has
more profit potential for the retailer if the wholesale prices of the products are lower. Since
wholesale prices differ under RCM and CC, the effective profit potential of the category for
the retailer is affected by the category management scenario. The importance of the profit
potential in our analysis comes from the fact that a category with higher profit potential
commands more shelf space.

To compare the profit potential of the category under the two scenarios and tease out

12



the drivers of our results, in Figure 3, we create an RCM-like representation of the CC
scenario with ¢ = 1 that parallels the representation of the RCM scenario. For a given
S, in RCM, the retailer maximizes his profits from the category taking as input wholesale
prices wy; = wf(9) and wy = wf(S). The key to our RCM-like representation is the
observation that maximizing retailer profits when w, = ¢, wy = wQC (S) and ¢ = 1 yields

the same solution as maximizing alliance profits when wy = w§'(S). Thus, in our RCM-like

representation of CC, we view the wholesale price of the category captain’s product as c.

_S5

The wholesale price of the non-captain manufacturer’s product is we = wzc (S)=c+ 1590)"

The retailer then sets prices to maximize his own profits.

RCM scenario for a given S RCM-like representation of CC for a given S

25
W, =c+ L W, =c
L 1 ~
W, =c+ W, =ct

Figure 3: Wholesale prices in the RCM and the RCM-like representation of CC scenarios

for a given S.

This representation highlights the two effects that distinguish RCM and CC. The elim-
ination of double marginalization (“double marginalization effect”) is captured in the drop
in w; from wf(9) to ¢, a drop of A; = %. The pressure that selling to the alliance
creates on the second manufacturer (that we dub the “competition effect”) is captured in

the drop in wy from wi(S) to wS'(S), a drop of Ay = Thus, for a given category

_S
1+26°
shelf space, the focal category has more profit potential for the retailer under category-
captainship wholesale pricing. We therefore expect the retailer to strategically allocate
more category shelf space under CC if he appropriates the entire alliance profit (¢ = 1).
However, as ¢ decreases, the effective profitability of the category for the retailer under
CC decreases, and the equilibrium category shelf-space S¢ decreases. In fact, as the next

proposition shows, for low enough ¢, the equilibrium category shelf space under CC is lower

than the equilibrium category shelf space under RCM.

13



8k(1+426)

Proposition 3 (Category Shelf Space) There exists a threshold level ¢pg = T3 8R(1120)

<

1 such that if ¢ < ¢g, then Sgr > Sc, and otherwise, S¢ > Sg.

As mentioned earlier, one of the concerns about category captainship is that it may
lead to competitive exclusion, i.e., the non-captain manufacturer may lose shelf space or be
otherwise disadvantaged. To investigate this in our setting, we say that category captainship
creates competitive exclusion if the shelf space allocated to the non-captain manufacturer
is lower under the category captainship scenario. The following proposition compares the

two scenarios from the non-captain manufacturer’s perspective.

Proposition 4 (Competitive Exclusion) There exists a threshold ¢p; = min ( 8k(1+26) 1)

3—40+4k(1+20)

such that if ¢ < épr, then qQC < ¢k, and otherwise, qQC > ¢lt. Moreover, for ¢ < ¢,

§¢ < ECM " and for ¢ > ¢pr, UFC > TECM,

When the retailer’s share of alliance profits is relatively low (i.e., ¢ < ¢pr), competitive
exclusion takes place (qQC < qf) and the non-captain manufacturer’s profit decreases relative
to his profit under RCM (IS¢ < IECM). In this region, the category shelf space either
decreases, or it increases, but not enough to compensate the loss in the non-captain manu-
facturer’s share of category shelf space. For ¢ > ¢y, the increase in category shelf space is
large enough that it translates into more shelf space and higher profit for the non-captain
manufacturer.

It is easy to show that ¢p; < 1 for relatively small values of 6 (i.e., § < %)
Therefore, the non-captain manufacturer benefits from category captainship if the products
are sufficiently differentiated (6 low enough). This is because A; (the double marginalization
effect) and Ay (the competition effect) both increase as 6 decreases. Thus, the increase in
the profit potential of the focal category as a result of switching to category captainship is
larger when 6 is lower, and consequently, the increase in the category shelf space is larger.
When this increase is large enough, the non-captain manufacturer benefits from category
captainship.

To summarize, we have found that contrary to concerns expressed about competitive

exclusion, category captainship does not necessarily put the non-captain manufacturer at a

disadvantage. It is true that if the category shelf space was independent of who managed
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the category, category captainship would always lead to competitive exclusion. However, if
the retailer acts strategically when moving from RCM to CC by making adjustments to the
category shelf space, category captainship may lead to more shelf space and profit for the
non-captain manufacturer. This happens if the products are sufficiently differentiated.
Propositions 3 and 4 are only meaningful when the thresholds they identify fall in the
region where category captainship can naturally emerge (where both the retailer and the
category captain are better off under category captainship). In the next proposition, we

investigate the impact of category captainship on the alliance members and the consumers.

Proposition 5 (Impact of Category Captainship) There exist thresholds ¢r, pc1, Po2,
and ¢cs such that the retailer is better off under category captainship if and only if ¢ €
(¢r,1]; the category captain is better off under category captainship if and only if ¢ €

(61, pc2); and consumer surplus is higher under category captainship if and only if ¢ €

(¢cs,1].

C‘%C - C‘%CM

R
L

0 ¢CS e ol

) .
Category captainshipis
preferredby theretailer, the
category captain and the
consumers

=Y

Figure 4: A Representation of Relative Profits and Consumer Surplus.

Figure 4 illustrates the result in Proposition 5. As expected, the retailer prefers category
captainship only if he expects to appropriate a larger share of the alliance profit (i.e., ¢ >
¢r). The category captain, on the other hand, prefers category captainship for intermediate
values of ¢. As his share ¢ decreases, the retailer reduces the category shelf space, resulting

in low alliance profit. This eventually hurts the category captain although he gets a larger
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share of the alliance profit. As ¢ increases, these effects are reversed and the category
captain prefers RCM over CC for sufficiently large ¢.

Under category captainship, category shelf space increases in ¢. In turn, consumer sur-
plus monotonically increases in category shelf space since both the total volume consumed
(S) increases and product prices decrease. Thus, the gain in consumer surplus from switch-
ing to category captainship increases in ¢. For low enough ¢, not only is a lower quantity

consumed, but it is consumed at a higher price than under RCM, and RCM dominates.

5.1 Numerical Analysis

We have found that when the opportunity cost of shelf space is taken into account, category
captainship may or may not be desirable for any of the parties. In the remainder of this
section, we present a numerical study to understand how the parameters ¢, 6 and k affect
whether each party prefers the RCM or CC scenario; it can be shown analytically that a
and ¢ do not play a role. Figure 5 plots the regions in the ¢-6 space for kK = 0,0.3 and 0.6.
The graph for £ = 0 corresponds to a shelf-space-unconstrained analysis of the problem.

We make several observations:

1 T 1 T 1 T
|
‘ \ \
3‘ \ \
[ / \ [
D 05 | L g 05 Ly ‘I‘ 0 05 Iy ‘Il
\ |
Ji \
IZQ | 'L,
0 05 0 05 ‘ 0 05
o] o) o}
(@) k=0 (b) k= 0.3 () k=0.6

Figure 5: Ir, I1 and I3 are the indifference curves for the retailer, the category captain and
the non-captain manufacturer, respectively. Between Ir and I7, both the retailer and the
category captain prefer CC to RCM. Below I3, the non-captain manufacturer prefers CC

to RCM. Therefore, in region 2, all three parties benefit from category captainship.

Observation 1. Both the retailer and the category captain prefer CC in the region between
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indifference curves Ip and I;. Therefore, we can interpret this region as the one where
category captainship can naturally emerge. This requires that the retailer take a large
enough share of profits that he is better off, but not so large that the category captain is
worse off. This region is sensitive to the opportunity cost. For higher opportunity costs,
the retailer needs a higher share of the alliance profit to benefit from category captainship.
Interestingly, the category captain is willing to decrease his share of the alliance profit as
the opportunity cost increases. For example, with k£ = 0.3, the category captain prefers
category captainship even with only 10% of the alliance profit (see Figure 5(b) where the
category captain’s indifference curve I; passes through ¢ = 0.9, which corresponds to the
case where the category captain gets 10% of the alliance profit), while he requires at least
40% share where the opportunity cost is zero (see Figure 5(a) where the category captain’s
indifference curve I; passes through ¢ = 0.6). This is because the category shelf space
increases in the retailer’s share of the alliance profit. The relative benefit of this shelf space
expansion is higher when opportunity cost is high, therefore, the category captain is willing
to switch to category captainship with a smaller share of the alliance profits than he would
require to switch when opportunity cost is low (and relative benefit of expansion is low).
Observation 2. If the opportunity cost of shelf space is positive and low enough (Figure
5(b) and 5(c)), there is a region where the non-captain manufacturer is also better off. This
occurs at relatively high ¢ and relatively low 6 values. Switching to category captainship
means more price pressure on the non-captain manufacturer. This pressure is lower when
products are more differentiated and there is more category shelf space. Therefore, for the
non-captain manufacturer to benefit from switching to CC, the products must be sufficiently
differentiated. In addition, the retailer’s share of the profit should be such that the category
shelf space is high enough. This result is in contrast to Wang et al. (2003) where the non-
captain manufacturer is always disadvantaged under the category captainship. This is
corroborated in our model by observing that region §2 does not exist for the case where the
opportunity cost of shelf space is 0 (Figure 5(a)).

Observation 3. The threshold § up to which the non-captain manufacturer prefers cat-
egory captainship increases in ¢: As the retailer’s share of the alliance profit increases,

he allocates more space to the category, relieving some of the pressure on the non-captain
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manufacturer, so this manufacturer benefits from category captainship over a larger range
of product differentiation profiles.

Observation 4. There exists a k such that for & > k, © does not exist. In other words,
when the opportunity cost of shelf space is high enough, the non-captain manufacturer
prefers RCM for the entire region where both the retailer and the category captain prefer
CC. Recall that the non-captain manufacturer only benefits from a switch to CC when the
resulting shelf space increase is large enough. Since the equilibrium shelf space chosen by the

retailer decreases in the opportunity cost, there exists a threshold over which 2 disappears.

6 Conclusions and Discussion

Shelf space scarcity is a predominant aspect of the consumer goods industry. Our research
shows that it has significant implications regarding the implementation of category man-
agement. We develop several recommendations for retailers regarding the use of category
shelf space. We confirm the intuition that the retailer should allocate more category shelf
space to categories with higher demand potential or lower cost. Since these properties in-
crease the profit potential of the category for the retailer, he should capitalize on this by
allocating more shelf space to it. This results in a win-win situation for all the parties in
the supply chain. More interestingly, we recommend that the retailer allocate more shelf
space to categories with less differentiated products to capitalize on the increased manufac-
turer competition. At the same time, the retailer should strike a balance between allocating
more space to the category to sell more of that category’s products and keeping shelf space
limited to fuel wholesale price competition. While the retailer always benefits from less dif-
ferentiation in the category, the impact on the manufacturers depends on the opportunity
cost and the category management mechanism in use.

We analyze the impact of switching from retailer category management to category
captainship on the category shelf space and the profits of each party. The key factor
in understanding the drivers of these quantities is the profitability of the category net
of opportunity costs. All else being equal, when switching to category captainship, the

profitability of the category for the retailer increases through the formation of the alliance
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via two effects: the elimination of double marginalization and the increased price pressure
on the non-captain manufacturer. In contrast, it decreases in his share of the alliance profits.
Thus, the equilibrium category shelf space under category captainship may be higher if the
positive effect dominates, but lower if the negative effect dominates.

The possible increase in the category shelf space under category captainship has im-
portant implications for competitive exclusion. In particular, we conclude that category
captainship arrangements should not immediately raise anti-trust concerns, or be viewed
negatively by non-captain manufacturers as the resulting increase in the relative profitability
of the category vis-a-vis the retailer’s other categories can create value for non-captain man-
ufacturers via an increase in the category shelf space. The threshold determining whether
competitive exclusion takes place or not depends on the degree of product differentiation
and the retailer’s share of alliance profits. In particular, category captainship does not
result in competitive exclusion when the products are well-differentiated and the retailer’s
share of alliance profits is high enough. With differentiated products, the gain from avoiding
double marginalization and the drop in the non-captain manufacturer’s wholesale price are
higher. Coupled with obtaining a high share of the alliance profit, these effects result in a
large enough allocation to the category by the retailer that it offsets the non-captain’s loss
in the fraction of shelf space he receives.

At the same time, we find that the concerns raised about the impact of category cap-
tainship practices on the non-captain manufacturers should not be dismissed either. Our
research provides clear support for the competitive exclusion hypothesis and concludes that
category captainship practices should be scrutinized for competitive exclusion when imple-
mented in categories where either the category includes many similar products and/or the
retailer is not powerful enough compared to the category captain.

Our model also allows us to determine the role of opportunity cost on competitive
exclusion. We find that the competitive exclusion region is larger when the opportunity
cost of shelf space is high. Increasing the opportunity cost of shelf space reduces the
amount of category shelf space and therefore that allocated to the non-captain manufacturer,
with the decrease in the shelf space allocated to the non-captain manufacturer being more

pronounced under category captainship. Therefore, our model predicts that all else being
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equal, category captainship may lead to competitive exclusion at smaller retail formats with
very limited store space.

We also investigate the impact of category captainship on the remaining parties. Not
surprisingly, both parties are better off when the retailer appropriates enough of the alliance
profit, but not so much that the category captain is disadvantaged. What is surprising is
that when the opportunity cost of shelf space is taken into account, the category captain is
better off with category captainship even if he obtains a much smaller share of the alliance
profits. This is because the category shelf space increases in the retailer’s share of the
alliance profit. The benefit due to the category shelf space expansion in going from RCM
to CC that accrues to the category captain increase in the opportunity cost. This suggests
that retailers can use the adjustment to category shelf space as a powerful mechanism to
secure the cooperation of category captains even while appropriating a significant share of
the alliance profit.

Finally, we find that consumers are always better off in those cases where the retailer is
better off, regardless of opportunity cost. We conclude by underlining that when the implicit
cost of increasing category shelf space is taken into account, category management emerges
as a tool that can leave all parties better off if applied to categories with differentiated
products.

Our model is based on several assumptions that could be relaxed. For example, we
assume that manufacturers are symmetric in terms of demand potential, cost and cross-price
sensitivities, and that retailer’s cost of shelf space is convex. Relaxing these assumptions
by considering asymmetric manufacturers or considering a linear cost of shelf space for
the retailer would not impact the qualitative insights, but would change the magnitude of
the effects observed. We assume that the retailer determines the shelf space prior to being
quoted wholesale prices. It would be interesting to analyze the problem with the sequence of
events reversed, although we expect the fundamental insights to hold as the manufacturers
would still implicitly be competing for limited shelf space even if the actual level of shelf
space is not yet announced. As pointed out in Lus and Muriel (2009), the linear demand
model used in this paper should be treated with caution when interpreting the effect of

the parameter 6 that measures the degree of substitution. Therefore, future research could
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consider category captainship in the context of alternative demand models.

Our model can be extended in several other ways. First, we assume that the scope
of category captainship is pricing only, however, in practice, the scope of category cap-
tainship is broader. In addition to pricing recommendations, the category captains would
usually also provide recommendations on category assortment and category shelf space
management. Future research could consider a model where the retailer relies on a category
captain that provides a combination of assortment, pricing and shelf space management
recommendations. Second, we assume that the information available to the retailer and the
category captain are the same. However, in practice, the basis for category captainship re-
lationships is the category captain’s superior knowledge about some aspect of the category.
Future research should investigate the impact of category captainship and the possibility of

competitive exclusion under asymmetric information.
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Technical Appendix To:
Category Captainship versus Retailer Category Management
under Limited Retail Shelf Space

Appendix A

The demand system in equation (1) is derived from the so called ‘representative consumer’
model introduced in Shubik and Levitan (1980). The representative consumer model as-
sumes that there is a single consumer in the end market, whose behavior, when magnified
sufficiently, will reflect that of the market. By consuming quantities (g1, ¢2) the representa-

tive consumer obtains utility

1
U(qi, q2) = aq1 + gz — 3 (B(af + @3) + 20q142) ,

where § > 0 to ensure strict concavity (Shubik and Levitan 1980). When these products

are purchased at prices p; and po, respectively, the consumer surplus is

1
CS(q1,q2) = aq1 + age — 3 (B(qF + ¢3) +20q142) — P1a1 — P2go.

The representative consumer solves maxg, 4, C'S(q1, ¢2), which yields ¢1 = a—p1+6(p2—p1)
and go = a — pa + 0(p1 — p2), with a = a/(B+9) and 0 = 3/(58% — 62) — 1 = §/(p% — §?)
when 3460 = 1. Rewriting the consumer surplus in terms of parameters a and 6, we obtain

2q1 20+ (¢ +43) (1+96)
2(1 + 20)

CS(q1,q2) = alq1 + q2) — — P1q1 — D2 Q2.

Appendix B.1

The Lagrangian of the optimization problem RCM is given by

L(p1,p2, A, p1, p2) = (p1 — w1)q1(p1, p2) + (P2 — w2)g2(p1, p2) — Alg1 + g2 — S| + g1 + poge

The Kuhn-Tucker conditions are

aﬁ(plap27 Aa M1, /'LQ)
Ip1

=(2p2—2p1+wi —w2— 1+ p2)0+a—2p1 +wi +A—pg =0

aﬁ(plapza )‘7 M1, M?)
Ip2

=(2p1 —2p2+wr — w1+ p1 —p2)0+a—2p2+wr+A—p2=0



A>0, 11 >0,p02>0,¢g1+¢<5,¢ >0,0>0
AMagr+q2—95)=0,p1q1 =0, p12g2 =0

A complete analysis of the above optimization problem would include all possible cases
for the Lagrange multipliers A, u1, and uo. However, with symmetric manufacturers, the
equilibrium wholesale prices and sales volumes will be equal, so it is sufficient to only focus
on cases where g1 > 0 and g2 > 0 (i.e., ug = 0 and ug = 0).

Case (I): g1 +¢2 =S, ¢ > 0, and g2 > 0. Then A > 0,1 = 0,u2 = 0. Solving the

first-order conditions for p; and py with these multiplier values, we get

R w+a+ A wo +a—+ A
= -

which yields

ng—(1+9)w1+a—)\

w; — (1+0)wa+a— A\
5 :

2

g1(w1, wa) = Go(wi,we) =

The condition ¢; + §o = S yields A =a — 5 — % Substituting, we find

25+ (1 + 29)(102 — wl)

25+(1—|—29) (’Ujl—’UJQ)'

Gi(wi,w2) = 1 Go(wi,w2) = 1
This case holds under the conditions
25 25
S<a-— 2 — — .
<a— (w; +ws2)/ w1 w2<1+20 i w1<1+29

Manufacturers’ profits are
25+ (1 + 29)(102 — wl)
4

25—{—(1—1—29) (w1 —wg)
1 .

7'('?/[1 = (w1 — ¢)

T2 = (w2 —c)

Case (IT): ¢1 + g2 < S, ¢1 > 0, and g2 > 0. Then A = 0,1 = 0,2 = 0. Solving the

first-order conditions for p; and ps with these multiplier values, we get

. wita . w2+ta
P1= 9 D2 = 9 )

which yields

Owy — (1 +0)w; +a

bw; — (1+0)wa+a
5 )

2

qi(wi,w2) = G2 (wy, wa) =



We now need to check whether ¢; 4+ ¢o < S, ¢1 > 0, and ¢ > 0 hold. Substituting and
simplifying, we find that ¢; + go < S holds if S > a — (w1 +w3)/2. For nonnegativity of the
demands, it must be that (1 + 6)w; — wy < a and (1 + 0)we — Ow; < a.

Manufacturers’ profits are

Ows — (1 +60)wi +a My

Owiy — (1 +60)ws +a
77%1:(101—0) 2 = (w2 —¢) 1= ( Jw: .

2

Appendix B.2 (Wholesale Price Game in RCM)

Given 1 (w1, wz) and §o(wi,wy) derived in Appendix B.1, we focus on the wholesale price
game that takes place between the manufacturers in the first stage. The best response of

manufacturer ¢ is the solution to

max (w; — c)gi(wi, w;) st w; > ¢
wi

for i = 1,2 and ¢ # j, from which we can derive wholesale price equilibria under different
parameter combinations, as well as the resulting allocations. In what follows, we derive the
wholesale price equilibrium for each case.

Case (I): Suppose that w; + ws < 2(a — S), w1 — we < %, and wy — wy < %. We
consider the following two subcases: (i) w1 + wa < 2(a — S) and (ii) w; + w2 = 2(a — 5)
separately.

Subcase (i) w1 + w2 < 2(a — 5), w1 — wa < %, and wy — w; < %. In this case, the

manufacturers expect

28 + (14 20)(we — wy) 28+ (1+26) (wl—wQ).

g1(wr, we) = 1 Go (w1, we) = 1
The best response functions are given by
25+ (1420w +(14+20)c 254+ (14+20)w; 4+ (1420)c
o (ag) — 25 (20 0+ (1426) () _ 25 Q20w+ (1 +20)c

2446 24406

If equilibrium exists in this region, then the equilibrium wholesale prices are given by

28

wi(8) = wi(S) = c+ 1526

For (wf, wf) to satisfy the conditions that define this region, it must be that

< 2a — 28.

wﬁ+w§:2c+1+29

3



Rearranging the terms we get

(1+20) (a—c)

S <5 =
! (3+20)
Second, it must be that wf — wf =0 < % (¢f* > 0). Third, it must be that wif — wi =
0< % (¢ff > 0). These conditions are always satisfied.

The retail prices in this case are given by

p(S) = pf(S) =a— >

and the equilibrium sales volumes are given by

(S) = af(s) = 2

5.

Subcase (ii) w1 +wy =2(a—S), w1 —wy < %, and wy —wy < %. The best response
functions are given by wi(w2) = —ws + 2(a — 5) for

. 4(1420)a —25(3+40) — (1 +20)c . (34+40)a—4S(1+60)— (1+06)c
Wz 3(1 + 26) < w2 sy 2 + 30
and we(wy) = —wy + 2(a — S) for

4(1+4 2 -2 40) — (1 +2 4 —45(1 —(1

wC = (1+20)a —25(3 4 40) — (14 20)c cuwy < uwP = (3+40)a —4S(1+6) — (1 +0)c

3(1 + 20) 2+ 30

Therefore, there is the possibility that there exist multiple equilibria. However, we focus on

symmetric equilibria only. Therefore, the equilibrium wholesale prices are given by
wit(8) = wl(S) =a - S.

The condition for this case is S; < S < S5 where

(1+0) (a—2c)

52 = 2+ 0)

The retail prices in this case are given by

p(S) = pf(S) =a >

and the equilibrium sales volumes are given by

oS = ()= .



Case (II): Suppose that S > a— (w1 +w2)/2, (1+60)w; —Ows < a, and (14 0)ws —O0w; < a.

Then the manufacturers expect

Qwr — (1460) wi +a . Qwr —(1+6) wa+a
5 o (w1, w2) = 5 :

Q1 (’wl, wz) =

The best response functions in this region are given by

Qwy+a+ (14+0)c
2420

Ow;+a+(1+0)c
2426

wl(wg) = wg(wl) =

If an equilibrium exists in this region, the equilibrium wholesale prices are given by

wR_a+(1+9)c wR_a+(1+9)c
S 27 2446

For this equilibrium to exist, it must be that

R r_ 20+2(1+0) (c)

(O +'U)2— 2+0 >2CL—2S
Rearranging the terms we get
. (140) (a—c)
§>8 =—F"—F7"—+
? 2+0)

Second it must be that qu > 0 and qf > 0, which holds if

1 _

(1+0)(a—c) >
(2+0)

The retail prices in this case are given by

P ="rr = 2216

Appendix B.3. Proof of Proposition 1

If S < S, the equilibrium sales volumes are given by ¢f*(S) = ¢f*(S) = S/2. The equilibrium
wholesale and retail prices are given by wit(S) = wf(S) = c+ (13_7%9) and pft(S) = pi(S) =

a— 3. Let H[}g’sl)(S) be retailer’s profit if S € [0,S571). Then

m9S(8) = pR(S) — wh(S)]aR(S) + [pE(S) — wh(S)]ek(S)
_ S*(5+26)

= (a—¢)S S0 120)



If S € [S1,5)], the equilibrium sales volumes are given by ¢f*(S) = ¢£(S) = S/2.
The equilibrium wholesale and retail prices are given by wf(S) = wf(S) = a — S and
pl(S) = pl(S) =a— 5. Let HEI’SZ}(S) be retailer’s profit if S € [S1,S2]. Then
52

i) = o

Finally, if S > Ss, the equilibrium sales volumes are unconstrained and are given by

qlt(S) = ¢f}(S) = (+9)azc)  pe equilibrium wholesale and retail prices are given by

2(2+0)
wi(S) = wi(8) = D and pR(S) = pli(s) = PG Lot IIEH)(S) be

retailer’s profit if S € (S2,00). It is straightforward to show that Hg2’oo)(S) = constant
(i.e., does not depend on the shelf space).
Therefore, the retailer’s profit net of opportunity cost as a function of the shelf space S

is

(a-c)s — 520 i S e0,5)

M (s) = ¢ 82 if S €[Sy, 5]

constant if S € (Sz,0)
At stage one, the retailer solves the following maximization problem

max MECM(8) — kS2. (4)

The optimal solution to the above problem is either on [0,57) or [S1,S2] as the retailer’s
profit strictly decreases on (S2,00) for k& > 0.

Let us define S}['(%),Sn to be the optimal solution to

S2(5 + 20) )
—o)s -2 g2
R TG L T w7 )
Then 5£,51) is given by
gosy _ (a—c)(1+20)
R 54 2k + 20 + 4k6’

which is always less than S;. Substituting back into the profit function we get

sy _ _(a=0)*(1+20)
R 10 + 4k + 40 + 8k6°

Let us also define Sl[gl’sﬂ to be the optimal solution to
2

max S— — kS?
SE[Sl,SQ}



which is maximized at the boundary Sy for k£ < 1/2. For k > 1/2, the optimal solution can
[S1,52]

not be in this region. Therefore, Sp is given by
14+6) (a—c)
S[Sl,sz] — S — (
R ? 2+6)

which is in fact the unconstrained solution to the problem. Substituting back into the profit

function we get
(@ —c)?(1 —2k)(1+6)?
2(2+4 0)?

[S1,52] _
HR12_

The optimal solution to (4), which we denote by Sg is found by determining which of

[0751)

the two profits is higher. Comparing the profits I, and Hgl’sﬂ

, we conclude that

a—c)(1+260 .
5(+2k4)r(29+4139 if k> kr(0)

Sk =

WP itk < kr(0)

where
1

2 (20(2 +0)+ /(A +0)2(20(20 + 5) + ) + 2)

kr(0) =

is the solution to HBg,Sl) = HE{?’SQ]. The threshold value only depends on 6 and for 6 € [0, 1],
kr(9) € 0.029,0.118]. Note that the values in this range are low.

Since our focus is environments where shelf space is scarce, in our analysis, we focus on
cases where the opportunity cost of shelf space satisfies £k > kgr. Thus, the optimal shelf

space is given by

S = (a—c)(1+26)
R 519k 120+ 4k6

The equilibrium sales volume, wholesale and retail prices, as well as the equilibrium retailer

and manufacturer profits can now be calculated using the optimal shelf space Sg.

Appendix C.1

The category captain’s optimization problem in the CC scenario is given by

max  (p1 —c)q1 + (p2 — w2)qe (5)
p1,p2

s.t. qt+qgp<S



In this formulation, the category captain maximizes the alliance profit II4 = (p1 — ¢)q1 +
(p2 — wa)qq for a given wo and S by setting the retail prices for both products.

The Lagrangian of the optimization problem in (5) is given by

LE(p1,p2, A, i, p2) = (p1 — €)q1 + (p2 — w2)go — Maq1 + g2 — S) + p1q1 + pogo.

The Kuhn-Tucker conditions are

aLre
oy = Atampi— (1= 00+ (2 —p)f+ (P2~ w)f — (L4 O +6ps2 = 0
oLe
Ty = ATam 22— w)(L40) 4 (pr— O+ (b1~ p2)f 4 B — L+ )p =0

A>0,p01>0,u2>0,¢1+q2<5q >0,¢2>0
Magr+q2—5)=0,p1q1 =0, p2g2 = 0

As in the RCM scenario, we only focus on the cases where (1) A > 0, pu; = 0, pug = 0;
and (2) A=0, u1 =0, pu2 = 0.
Case (I): A>0 (1 +q=25), u1 =0 (¢1 > 0), p2 =0 (g2 > 0). The retail prices are

R at+c+ A R a+ wy + A
plzT pZZ#

The corresponding sales volumes are

) wel —A+a—(146)c R —wy —we —N+a+0c
q1 = 5 g2 = 5 .

The condition g1 + g2 = S yields A = % Substituting A, we find

25 +wa(l1+20)—(1+20) ¢

25 —we(1+20)+(1+260)c
1 :

4

q1(wg2) = G2 (we) =

28

The conditions for this case are wy < 2(a — ) — ¢, ¢ — w2 < 1355,

and wy — ¢ < %.
Case (II): A=0 (g1 +q2 < S), p1 =0 (¢1 > 0), p2 =0 (g2 > 0). The category captain’s
pricing response for a given ws is given by

a+c R a—+ wo
5 Po(w2) = -

pr(w2) =

The sales volumes are given by

a+ Qws — (1+6)c

a— (14 0)wy + ¢
5 .

2

q1(w2) = Go(w2) =

The conditions for this case can now be written as 2(a — S) — ¢ < wa, a+ 60wy — (1 +0)c > 0

and a — (14 0)ws + fc > 0.



Appendix C.2 (Second Manufacturer’s Wholesale Price in CC)

Given ¢;(wz) and §a2(w2) derived in Appendix C.1, we focus on the second manufacturer’s
wholesale price decision that takes place at stage 2 in the CC scenario. The second manu-
facturer sets wy so as to maximize its profit (ws — ¢)ga(w2).

Case (I): Suppose that wy < 2(a—95)—¢, c—w2 < %, and wy —c < %. We consider
the two cases (i) wa < 2(a —S) — c and (ii) wy = 2(a — S) — ¢ separately.

Subcase (i): Suppose that ws < 2(a — S) — c. In this case, ¢a(ws) = 237“’2(1”49”(1” b

The second manufacturer’s profit maximizing wholesale price is given by

w§ (S) = ¢+

1+20

wS () always satisfies ¢ —wg < 1-%7529? and wy —c < %, and satisfies wy < 2(a — ) — ¢ for

2(1+20)(a —¢)

§ <87 = (3 + 40)
The retail prices are
C S(3+46) C S(1+46)
P1(S):a—m Pz(S):a—m'
The corresponding sales volumes are
(9= )=

Subcase (ii): w§ = 2(a — S) — c¢. The condition for this case is S¢ < S < S§ where

(3+40)(a —c)

C -
57 = 4(1+0)

The equilibrium sales volumes are

1
£(5) = 5((1+20)(a—e)—250)
1
¢§'(S) = 5 (281 +0) = (1+20)(a—c)).
The retail prices are
a-+c 3a—c
(s) =5 (s =2 -8



Case (II): Suppose that 2a —c—wq < 2S5, a+0ws — (140)c > 0 and a— (14 0)ws +6c > 0.
In this case, ¢2(w2) = (a — (14 6)wz + 0c)/2. The second manufacturer maximizes its profit

function (we — ¢)(a — (1 + 0)wy + O¢)/2 by choosing

¢ a+c(l+20)
2T 019

The corresponding sales volumes are

c  (2+30)(a—c)
T )

c a—cC

aQ = 4

The condition for this case to hold is

(3+40)(a—c)

e
525 4(1+6)

Appendix C.3. Proof of Proposition 2

35

If S < S¢, the equilibrium sales volumes are given by ¢{'(S) = °7 and s (S) = % The
equilibrium wholesale and retail prices are given by wS'(S) = c+ ﬁ, pP(S) =a— i((figg))

C
and p§(S) = a — i((lli;lg))' Let Hgg’sl )(S) be retailer’s profit for S € [0, 5¢). Then

n20(8) = ¢I1s = 6 ([pY(S) — daC(S) + 15 (S) — wS (5)1aS (S))

_ S%(7 + 86)
- ¢(<“‘C>S‘s<1+ze>)'

(1+20)(a—c) _Sp

If S € [S¢,S¢], the equilibrium sales volumes are given by ¢{'(S) = 5

and ¢§(S) = S(1+6) — %. The equilibrium wholesale and retail prices are given

by w2(S) = 2(a — S) — ¢, p{'(9) = a¥e and p§(S) = % — 5. Let Hglc’szc}(S) be retailer’s

profit for S € [S{, S$]. Then

1(a—c)2+52+(c—a)5+(—a+c+S)29 ,

C qC
m=(s) =0 |

which is strictly increasing and convex in S on the range [S¢, S¢].

Finally, if S > SQC , the equilibrium sales volumes are given by qlc(S) = 2H30)(a=c) 414

A(1+0)

s (S) = (aZC). The equilibrium wholesale and retail prices are given by wy(S) = %,
C

P (S) = (a;rc) and p§(S) = W. Let Hg%% ’Oo)(S) be the retailer’s profit for

10



C
S € (S§,00). Tt is straightforward to show that HEQL% ’OO)(S) = constant (i.e., does not

depend on the shelf space).
Therefore, the retailer’s profit net of opportunity cost as a function of the shelf space S

is

2 .
<;S<(a—c)S— %) if S € [0, 8¢)
G° () = ¢[i(a—c)?*+ 5%+ (c—a)S+ (—a+c+9)%0] if Se[SC, 5]
constant if S € (S¢,00)

At stage one, the retailer solves the following maximization problem:
max %c(S) — kS2. (6)

The optimal solution to the above problem is either on [0, S¢) or [S{, SS] as the retailer’s
profit strictly decreases on (S, 00) for k > 0.

C
Let us define Sg)’sl ) to be the optimal solution to

S2(7 4 86) )
s @005 S )

[0,5¢) . .
Then S, is given by
glosst) _ _ 4d(a—c)(1 +20)
¢ T+ 8k + 840 + 16k6’

which is always less than S{’. Substituting back into the profit function we get

"~ To+ 8k + 8¢p0 + 16k0°

0,59) 2¢2(a — 6)2(1 + 20)
HR

[s¢,8¢] . .
Let us also define S, to be the optimal solution to

max ¢ 1(a—c)2+52+(c—a)s+(—a+c+S)26 — kS2,
selsg,sgl 12
§]

2

c
which is maximized at the boundary S for k low enough. Therefore, Sgg %) g given by

St,5¢]

S[c (3+40)(a—c)

_ o0 _
=5 41+0)

which is in fact the unconstrained solution to the problem. Substituting back into the profit

function we get

s§) _ (a—c)? ((1+6)(80 +5)p — k(460 + 3)?)

st
R 16(1 +6)?

11



The optimal solution to (6), which we denote by S¢ is found by determining which of
[0,57) [S7,55]

the two profits is higher. Comparing the profits ITj, and I , we conclude that
4¢p(a—c)(1+20 .
sk 1k = ko(6,6)
SC - (3+40)( )
Tz)c if k< kc(gf), 9)

where ko (¢, 0) solves Hgg’slc)(k:) = Hglc’sgl. For 6 € [0,1] and ¢ € [0, 1], the value of the
threshold k(¢, 0) € [0.038,0.099] which is very small.

As in the RCM scenario, since we focus on cases where the opportunity cost of shelf
space is of significance, we focus on the case k > k¢ so that the optimal shelf space is given

by
4p(a — c)(1 4 26)

S = .
© 7 76+ 8k + 860 + 16k0

The equilibrium sales volume, wholesale and retail prices, as well as the equilibrium retailer

and manufacturer profits can now be calculated using the optimal shelf space S¢.

Appendix D

Proof of Proposition 3: Let

Sh— G — (a—c)(1+20)  4dg(a—c)(1+20)
R=2C = 510k +20+4k0 76+ Sk + 860 + 16k0
1 46

= (a—c)(1+20)

5+ 2k +20+4k0  T¢ + 8k + 8¢0 + 16k6 |
Then Si > S¢ if the following holds

1 4
5+ 2k + 201 4k0 ~ 7+ 8k + 840 + 16k0

& T¢+ 8k + 8¢0 + 16k0 > 4p(5 + 2k + 20 + 4k0)

& 8k(1 + 20) > 136 + 8¢k + 164k0

. 8k(1+26)
13+ 8k(1 +20)

Therefore, Sp > S if ¢ < b5 = r3rariags < 1 Otherwise, if ¢ > g, then Sg > Sp.

< ¢s

> ¢.

12



Proof of Proposition 4: First, we compare the non-captain manufacturer’s equilibrium

sales volumes in the RCM and CC scenarios.

¢ _ 1 A6a-00+20) \ _1( (a-00+2)
@~ 4A\76+ 8k + 800+ 16k6) 2\ 5+ 2k + 20 + 4k6

& - 1
7 + 8k + 80 + 16k6 10 + 4k + 40 + 8k6 | -

= (a—c)(1+20) [

5 > g3t iff
¢ S 1
7¢ + 8k + 8¢p8 + 16k0 — 10 + 4k + 460 + 8k6
< ¢(10 + 4k + 40 + 8kO) > 7¢p + 8k + 840 + 16k0

8k(1 + 20)
> .
SO T ak(1 + 20)

8k (1+26)

8k (1+26)
Note that 340+ 4k(1+20) 1>‘

can be greater than 1. Therefore, we define ¢;; = min (m,
If ¢ > ¢, then qQC > ¢i. Otherwise, if ¢ < ¢y, then ¢if > q2c.

The non-captain manufacturer’s profit under the RCM and CC scenarios is given by

oM __ (a— c)?(1 + 20) e A(a — ¢)*(1 +260)¢?

2 (5 + 2k + 260 + 4k0)?2 2 (76 + 800 + 8k(1 + 20))2

The non-captain manufacturer is better off under the CC scenario if 11§ > ITZ“M | that is

4(a — c)?(1 + 26)¢? (a —c)?(1 +20)
(7o +8(20k + k + 09))? = (5 + 2k + 20 + 4k0)?

4¢? 1
76+ 820k + k+00))2 (5 + 2k + 20 + 4k0)?

=
(
& 20(5 + 2k + 20 + 4k0) > T + 8(20k + k + 0¢)

8k(1 + 26) Do
3—40+4k(1+20)" ) M

Otherwise, if ¢ < ¢y, then TIFCM > T1¢C.

<:>¢>min<

Proof of Proposition 5: The retailer prefers category captainship if ch > HgCM .

[CC _ [ROM  _ 2¢°(a—c)*(14+20)  (a—c)*(1+26)
R R T+ 8k + 800 + 16k6 10 + 4k + 46 + 8k6
202 1

= (a—c)*(1+20)

T+ 8k + 860 + 16k6 10 + 4k + 40 + 8k6 |
Then IGC — IECM >  iff

202 1
>
7¢ + 8k + 8¢0 + 16k0 ~ 10 + 4k + 460 + 8k6

=

13



& 2¢%(10 + 4k + 46 + 8Kk0) > T¢ + 8k + 8¢ + 16k0
& 2(10 + 4k + 40 + 8k0)¢* — (7 + 80) ¢ — 8k(1 + 26) > 0.

The LHS of the above equation is convex and has two roots. One of the roots is negative

and the other one is positive and may be larger than 1. Let us define ¢r as

2+ 128%(1 + 20)(20 + 2k(1 + 2
¢Rimin<7+89+\/(7+&9) + 128k (1 + 26)(260 + 2k(1 + 0)+5)71>.

8(20 + 2k(1 4 20) + 5)
We conclude that for all ¢ < ¢g, the retailer is better off under the RCM scenario, that is
HgCM > H%C. Otherwise, if ¢ > ¢g, the retailer is better off under category captainship,
that is IGC > MIREM,

The category captain prefers category captainship if HICC > H{%CM . Let us define

D00(¢) as

Dce(¢) = T7C —1fieM

_ 20(1 = ¢)(a—c)*(1 +20)[16k(1 +20) + (7 +80)]  (a—c)*(1+26)
- (7¢ + 8k + 8¢0 + 16k0)? (5 + 2k + 20 + 4k6)?
o 20(1 — §)[16k(1 +20) + ¢(7 + 80)] 1
= (@-o7(1+20) (76 + 8k + 860 + 16k0)?2 (5+ 2k + 20 + 4k0)?
It can be shown that
2
81?92(;@) < 0 for ¢ € [0,1],

which indicates that the difference function is strictly concave in ¢ on [0,1]. In addition,
we can show that Dcc(0) < 0 and Do (1) < 0. Therefore, we either have Do (¢) < 0 for
all ¢ € [0,1], which implies that the category captain is always worse off under category
captainship or there exist ¢c1 and ¢co such that the retailer is worse off under category
captainship for ¢ < ¢o1 and ¢ > P9, and the category captain is better off under category
captainship for ¢ € [pc1, doa].

Finally, the consumers prefer category captainship if CScc > CSgronr. Let us define

Dcs() as

(a—c)*(1+20)(5+80)9°  (a—c)*(1+26)°
(7T+80)p +8k(1+20))2  4(5+20 + 2k(1 +20))?"

Des(¢) = CSco(d) — CSrem(¢) =

There are two solutions to Dcg(¢) = 0. One of the roots is negative and the other one is

positive and may be larger than 1. Lets us define ¢og as

8k2(1 + 20)3 )
2/k2(1 + 20)3(5 + 860)(20 + 2k(1 + 260) + 5)2 — k(1 + 20)2(7 + 86)

$cs = min (

14



Therefore, for all ¢ < ¢cg, the consumers are better off under RCM and for all ¢ > ¢¢g,

the consumers are better off under category captainship.
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