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Abstract

Several major grocery chains in the US own factories that produce some of their store-brand
products. Historically, these store-brand products have been the low-price, lower-quality alterna-
tives to higher-priced national brands, but the quality and consumer acceptance of store brands
have increased markedly in recent years. While demand for store-brand products is higher, man-
aging the associated factories can be costly for retailers, leading some to consider selling the
factories to third parties.

We study the impact of selling a retailer’s existing capacity-limited factory to a third party
when a store-brand product competes with a similar national-brand product. We examine the
equilibrium dynamics between two external suppliers and show how the outcome changes with
respect to prices, capacity limitations, the distribution of profits, and the sequencing of pricing
decisions. Among other things, we show that, surprisingly, the national brand’s equilibrium
wholesale price may fall when the factory is sold. We also show that the retailer may be strictly
better off if he sells the factory, with these benefits being above and beyond any savings in fixed
ownership and operating costs. Taken together, these results imply that when the store-brand
factory has tight capacity, the adverse effects due to double marginalization on the store-brand
product from selling the factory to a third party may be partially or fully offset by a reduction
in the national brand’s wholesale price.
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1 Introduction

Our work on this problem was motivated by a question that a Vice President of a large grocery
chain posed to one of the authors. He said, “We are in the grocery retailing business, not in the
manufacturing business. But we own factories that produce many of our private-label (mostly food)
products. Would it make sense to sell these factories to firms that would serve as suppliers?” In
addressing these issues, there are, of course, questions about whether greater focus would benefit the
grocery chain in ways that might be difficult to forecast or analyze. In this paper, we focus on the
direct effects of ownership restructuring on the competitive landscape in equilibrium.

Internal production of some store-brand food products is prevalent among large grocers (Connor
et al., 1996). The grocery chain Kroger has one of the largest networks of private label manu-

facturing in North America. Over three dozen US plants (wholly owned or used with operating



agreements) produce about 40% of Kroger’s private label products (TheKrogerCo.com, 2014). Safe-
way, the second-largest US supermarket chain, operates more than 30 food processing plants in North
America for products such as milk, bakery goods, soft drinks, and pet food (Safeway, 2013). The
supermarket chain HEB operates several large manufacturing facilities in Texas, including milk and
bread processing plants, and produces many other own-brand products, including ice cream, snacks,
and ready-cooked meats and meals (Forbes.com, 2012). The grocer Publix owns 10 Publix-brand
manufacturing facilities that produce its dairy, delicatessen, bakery, and other food products (Pub-
lix.com, 2014). A&P supermarkets pioneered the use of store brands, and its Eight O’Clock (sold
off in 2003), Red Circle, and Bokar coffees were as notable as some national brands (A&P, 2014).

There is a trend toward financial divestiture of factories while retaining them as suppliers. One
recent example in the grocery sector is Safeway’s sale of its Joplin, Missouri manufacturing facility
to Annie’s, which will continue to produce Safeway’s products in the same plant under a long-term
contract (Annie’s, Inc., 2013). Another recent example of a sale of a store-brand factory, also in
the grocery industry, is the Canadian grocery chain Sobeys, who sold four dairy processing facilities
to the dairy cooperative Agropur which will continue to manufacture for Sobeys (Canadian Press,
2014). Cohen (2013) provides an empirical analysis of the effect of yet another divestiture of store-
brand milk production by a grocery chain (with a preferred-supplier relationship post-divestiture) in
the northeastern part of the US. This phenomenon might be referred to as “outsourcing in place” —
outsourcing at exactly the same location.

At the grocer that motivated our research, the store-brand factories, some built long ago, are
approaching full capacity utilization because the grocer has added new stores and customers have
become more receptive to store-brand products. As one example from a different grocery chain,
Kroger reports that its 15 dairies and three ice cream plants operate at nearly full capacity, and
that its private label milk is the “national brand” for most customers (TheKrogerCo.com, 2013).
Many large grocery chains own food-processing facilities but within the past decade, third-party
private-label manufacturing has grown dramatically.

In our motivating examples, there would a symbiotic relationship between the retailer and the
third-party producer of the store brand if the ownership of the store-brand factory were transferred.
The retailer is large enough that it would have essentially no alternative sources of production
capacity for products such as milk, and few sources of capacity for other products, considering
the massive volumes that the retailer requires. The third-party producer, likewise, would have few
alternate customers for the massive amount of capacity that exists in the factories. This is due
to limited alternative markets for the products that the factories produce, and the high cost of
transporting over long distances perishable products such as fresh milk and bulky goods such as
bakery items. Thus, neither party could easily walk away from the arrangement. And indeed, they
may not enter into a “spin-off” arrangement if it were not in the best interests of both parties.

The retailer, or a third-party producer of the store brand, could, in principle, add capacity,



but there are enormous economies of scale in food processing, and the vast majority of store-brand
products that are produced in—house are food products. Unless the retailer plans to drastically
increase its number of retail stores or the volume of products to be produced in—-house, the investment
in an additional factory, or an expansion in an existing factory is difficult to justify. Securing capacity
at a factory owned by a third-party manufacturer may be a possibility, but that capacity may not
be nearby (which is quite important for perishable products such as milk, bulky products such as
bread, and heavy products such as canned fruits and vegetables).

We model a situation with a single retailer, one national-brand product, and one store-brand
product that competes directly with the latter. To capture the fact that the products are perceived
differently by customers and are not completely substitutable, we consider a model with differentiated
products. The national brand offers a wholesale price being cognizant of the competition from the
supplier of the store-brand product, whether that product is produced “in-house” or by a third party.
Throughout the paper, we assume that the third party is not the national brand manufacturer;
in the latter case, the channel structure would be quite different. We leave this case for future
research. We consider two different mechanisms by which the wholesale price of the store brand
is determined when it is produced by a third party: (i) selected by the third-party producer; and
(ii) negotiated between the third-party producer and the retailer. The retailer sets retail prices for
the two products, seeking to maximize his total profit. For case (i), we consider two sub-cases: one
in which the national-brand manufacturer is the Stackelberg leader, which is appropriate when the
national-brand manufacturer is a dominant player in the market and the third-party producer of
the store brand product is relatively weak. The second sub-case involves a Nash game between the
national brand and third-party supplier, which is appropriate when the third-party producer wields
market power similar to that of the national-brand manufacturer. Although firms that specialize
in producing store brands are not well-known because their firm names often do not even appear
on the items that they produce, some of these firms have become quite large and have consolidated
considerable market power in recent years. Some national-brand manufacturers produce store-brand
products in different product categories than their own products, and these manufacturers often
have substantial market power, as well. In these cases, the producer of the store-brand product is
powerful enough that Nash competition between the national-brand manufacturer and the store-
brand producer is a more accurate representation of reality than the national-brand manufacturer
Stackelberg representation.

In other situations, the retailer may have more market power than the national- and store-brand
manufacturers. Obtaining equilibria for such settings, however, can be quite complex. In particular,
unless there is a mechanism to ensure that the retailer commits to decisions regarding retail margins
on the two products, there is no guarantee of a stable equilibrium. In view of these challenges, we
leave such scenarios for future research.

We explicitly account for the capacity limits of the store-brand factory. To capture the fact that



the national-brand manufacturer has some latitude in allocating his capacity among many retailers,
we assume that the national-brand manufacturer does not have strict capacity limits. Thus, if the
national-brand manufacturer is operating near his production capacity limit, the economic effects
of capacity factors can be captured by adding the national-brand manufacturer’s opportunity cost
of capacity to his variable cost of production when performing the equilibrium analysis. We also
note that in a separate analysis which is not presented here, we have derived results for the case
where the national brand manufacturer has allocated a fixed capacity to the retailer in question. The
qualitative findings regarding conditions in which the retailer should sell the store-brand factory are
similar, although the details of the equilibrium differ.

We also assume that shelf space constraints do not limit sales of either product. In practice, if
the shelves are restocked often enough, shelf-space limitations will not severely restrict the quantities
that the retailer is able to sell. Alternatively, one can adjust the demand functions to account for
the aggregate effects of the retailer’s restocking policy on the ultimate sales of the products.

Our primary aim is to answer the question of whether there are conditions under which the
retailer can benefit from selling his store-brand factory. Our key findings are as follows. First, we
find that there exists a range of capacity levels of the store-brand factory over which the national
brand’s equilibrium wholesale price is smaller when the retailer sells his factory than it is when the
store-brand product is produced internally. Thus, despite the introduction of double marginalization
on the store-brand product, the national brand may offer a lower price. This type of shift in the
national brand’s equilibrium price tends to occur when the capacity of the store-brand factory is
relatively low, and although it is more profitable for the retailer to produce his store-brand in-house
than not to offer it at all, at such capacity levels, the retailer may be even better off selling the
store-brand factory, even without considering savings from eliminating any fixed costs of ownership.
The reason for this phenomenon is that, under these conditions, the negative effect on the retailer’s
profit due to double marginalization on the store-brand product is offset by the positive effect of the
national brand manufacturer choosing to switch to a strategy of selling a higher volume at a lower
per-unit margin than he would have if the retailer retained ownership of the store-brand factory. So
the retailer sells less of the store brand at a lower margin and more of the national brand at a higher
margin, and the net effect for the retailer is positive.

In addition, we show that the national-brand manufacturer may also benefit from the retailer’s
decision to outsource; we identify situations in which both the retailer and the national-brand man-
ufacturer benefit. We also identify situations in which the total profit earned by the retailer and the
third party manufacturer exceeds the profit that the retailer would earn when producing in-house
— and the national-brand manufacturer is better off when the retailer outsources. In such cases,
a fixed transfer payment between the retailer and third-party manufacturer can result in all three
parties being better off. In the course of our analysis, we also obtain interesting results regarding

characteristics of the equilibria under different supply-chain ownership and competitive structures



when the store-brand factory has a capacity constraint. To the best of our knowledge, these results
have not been presented before in the literature. In particular, our results characterize how wholesale
prices and profits for the three parties (the retailer, the national brand, and the store-brand factory
owned by a third party) depend on the ownership and competitive position of the store-brand factory
and its production capacity.

The next section provides a discussion of the related literature. Section 3 formally presents the
model and solves each party’s optimization problem. Section 4 characterizes the equilibrium as a
function of the production capacity of the store-brand factory. Sections 5 and 6 provide comparative
statics and give results on how prices and profits change when the store-brand factory is sold,
including a discussion of circumstances in which the sale of the store-brand factory is win-win-win
(i.e., all three parties benefit). Section 7 presents a variant of the model in which there is price
negotiation between the retailer and third-party manufacturer, and Section 8 contains concluding

remarks.

2 Related Literature

We preface this section by noting that, to the best of our knowledge, there is no literature that
analyzes the consequence of a retailer selling its capacity-limited store-brand factory. Indeed, there is
no literature on the broader topic of how the supply chain structure affects equilibrium (wholesale and
retail) prices and the various parties’ profits when a retailer offers both store- and national-brands.
One reason is that the vast majority of models involving store- and national-brand competition
implicitly assume that the store-brand product is produced by a non-strategic third-party that offers
the store-brand product at a constant variable cost. In view of the absence of literature directly
related to our research, we offer brief overview of the literature on competition between store- and
national-brands, and an overview of the literature on vertical disintegration (including outsourcing)
in non-store-brand contexts to clarify the broad context into which our research falls.

There is substantial research on competition between store brands and national brands. Due
to page limits, we cannot provide a detailed review of the literature and instead refer the reader
to a survey paper by Sethuraman (2009) and the book by Kumar and Steenkamp (2007). Our
model accounts for the competitive effects and pricing decisions but our focus is on the issue of
sourcing: whether the retailer should outsource the production of store-brand products that compete
with national brands. Thus, our paper falls into the broader category of vertical integration and
disintegration, although we examine a very specific type of disintegration. There is, of course, a long
history of research on vertical integration in the economics literature, and on issues related to channel
structure in the marketing literature. The topics of these works include vertical integration (Perry,
1989; Joskow, 2005), the make-versus-buy decision (Klein, 2005), investments of buyers in their

suppliers (Bensaou and Anderson, 1999), and channel management (Anderson and Coughlan, 2002).



Christensen (1999) discusses factors that favor vertical integration and disintegration and sug-
gests that product modularity and the degree of scale economies are two critical factors. Product
modularity does not play a key role in the manufacture of grocery and similar products, but scale
economies certainly come into play.

A number of researchers (e.g., Bonanno and Vickers, 1988; Moorthy, 1988), show that under
certain conditions involving competing manufacturers, the introduction of a retailer(s) into the supply
chain for consumable goods—one form of decentralization—can make a manufacturer better off. (We
note, however, that Coughlan and Wernerfelt (1989) argue that these findings rely on the strong
assumption that channel pricing agreements are observable to all parties, and that the results may
not hold under more realistic assumptions.) Desai et al. (2004) also find that the introduction of
a retailer may improve a manufacturer’s profit in settings involving durable goods and dynamic
decision-making. These results all apply to settings that differ from ours in some fundamental
respect, e.g., durable goods, competing retailers, or competing manufacturers.

Liu and Tyagi (2011) show that competing retailers may be better off outsourcing to an indepen-
dent upstream manufacturer that does not necessarily have a cost advantage. In their model, the
product positioning is endogenous, and in equilibrium, greater product differentiation benefits the
downstream firms. Chen (2005) shows that a vertically-integrated firm may benefit from spinning off
a segment of the firm if the spin-off allows that segment to compete more effectively (due to issues of
credibility). We note that Chen’s model also involves dynamic decision-making. Durango-Cohen and
Wagman (2014) show that an independent capacity-constrained manufacturer may seek to obfuscate
its capacity constraint, whereby information about a factory’s maximum output may be imperfect;
such obfuscation would be less of an issue in our framework because the retailer is informed of its
own store-brand factory’s capacity.

Extensive literature exists on outsourcing decisions from both the perspective of transaction-
cost economics (T'CE) and the resource-based view (RBV). For references, see Espino-Rodriguez
and Padron-Robaina (2006), Holcomb and Hitt (2007), and Williamson (2008). In these research
streams, there is almost always an implicit assumption that the firm making the outsourcing decision
is a manufacturer, not a retailer. In our scenario, the choice of the retailer to sell his store-brand
factory leads to a different competitive environment than has been envisioned in the economics
literature on outsourcing decisions. Kroes and Ghosh (2010) provide a useful overview of the drivers of
outsourcing, including agency theory, TCE, RBV and the knowledge-based view. They also perform
an empirical study of the congruence of drivers of outsourcing and the firm’s competitive priorities,
and find that outsourcing congruence is positively correlated with supply-chain performance.

As mentioned earlier, the best of our knowledge, no research has been done on the question of
whether a retailer should sell his store-brand factory to a third party. Prior research on competition
between national- and store-brands implicitly assumes that the store-brand product is manufactured

by an independent party. Phrases such as “producer of the store brand” are common. We also note



that when the store-brand and national-brand factories have no capacity limits, the nature of the
change in the equilibrium outcome due to the sale of the store-brand factory to a third party is
obvious. First, the third-party owner of the store-brand factory will set the wholesale price above
cost, leading to double-marginalization where it did not exist before. Second, the national brand, in
turn, will raise his wholesale price because of the reduced need to be competitive. Third, the retailer
will respond by raising retail prices, thereby driving down demand for both products. For most
commonly-used demand functions, the retailer’s optimal prices are such that a one dollar change in
the wholesale price leads to less than a one dollar change in the retail price. Consequently, this series
of changes hurts the retailer because he ultimately sells fewer units of each product and is selling
each unit at a lower margin. A key question is thus: How does the limited availability of production

capacity affect the retailer’s decision regarding whether or not to sell his store-brand factory?

3 Base Models

A retailer sells two competing products: a store brand and a national brand. The store-brand
product is produced internally and the factory has limited capacity (our findings extend to a setting
where the store-brand factory can source additional capacity at a higher marginal cost). The retailer
has the option to sell the factory to a third party. The national brand does not have rigid limits on
the capacity that it can dedicate to the retailer. Information is assumed symmetric. As is common
in the literature, we assume that the retailer maximizes category profits and does not intentionally
set retail prices to protect store-brand market share. A study by Meza and Sudhir (2005) indicates
that, under some circumstances, retailers do favor their own brands when setting retail prices. In our
context, such a preference could be applied whether or not the retailer owns the store-brand factory.
Thus, to isolate the effects of factory ownership and because incorporating favoritism of store brands
into a normative model is difficult, we perform our analysis assuming that the retailer sets prices to
optimize category profits.

We consider three different game structures in our analysis. In the case of internal production
(or IP for short), we assume the national brand is the first mover in a Stackelberg game. When the
store brand is produced by a third party, we model competition between the two manufacturers in
two ways. The first involves a Nash game between the two suppliers, which we refer to as “third-
party (production of the store brand) with Nash (competition between producers),” or 3PV for
short, followed by the retailer setting retail prices. Choi (1991) refers to this game as “manufacturer
Stackelberg” and Kadilyali et al. (2000) seeks to show it exists empirically. The second way in
which we model competition between the two suppliers is the “more traditional” national-brand
Stackelberg case, which we refer to as “third-party (production of the store-brand) with Stackelberg
leadership (by the national-brand manufacturer),” or 3P° for short. In this scenario, the national-

brand manufacturer moves first and the third-party manufacturer moves next in setting wholesale



prices, and finally the retailer sets retail prices. The timing of decisions for each of these game
structures is shown in Figure 1. We note that the literature provides mixed results on the power
relationship between national and store-brand producers so we consider both Nash and Stackelberg
competition between the producers. We refer the reader to Narasimham and Wilcox (1998), Steiner
(2004) and Berges-Sennou et al. (2004) for surveys on competition between national and store brands.

1. National Brand Supplier 2. Retailer Sets Retail
) Sets Wholesale Price, Wy ip, . Prices, Py, Ds
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Figure 1: Sequence of Events under IP, 3PN and 3P5.

Throughout the paper, for brevity, we use “capacity constrained” or “constrained” to refer to
situations where the store-brand factory’s capacity constraint is binding. Likewise, we use “capacity

unconstrained” or “unconstrained” for situations where the capacity constraint is not binding.

Notation
N,S : index representing national brand and store (or store brand), respectively;
¢s,cy  : unit production (and distribution) cost for store- and national-brand items;
Kg : capacity of the store-brand factory (in units);
IIg, Iy, II3p : retailer, national brand, and third-party producer profits, respectively;
o, Bi,y ¢ parameters of the demand function, i = N, S.

Decision variables:
wy,wg : wholesale prices offered by the national- and store-brand supplier, respectively;
p; : retail price for product i, i € {N, S}.
We assume retail demands for the two products have the following linear forms:

Ds (ps,pn) = as — (Bs +v)ps + oy and Dy (ps,pn) = an — (B8 +¥)pN + Vps

The parameter 7 in the demand functions captures the degree of substitutability of the products. We

also make the following technical assumption:



Regularity Condition: For any (cy, cg) pair, the store-brand demand is the same for all (py, ps)
—c
pairs satisfying Ps —C5 _ Y Thisis a very mild regularity condition. If it does not hold,
pn —en (Bs+7) o , _ _
the demand for one or both products is non-positive at the respective production costs, i.e., the

product is not profitable to produce, and therefore is not offered.

In the economics literature on differentiated products, and in the economics and marketing litera-
tures involving store-brand products, demand is commonly represented via linear functions (see, e.g.,
Spence, 1976; Dixit, 1979; Singh and Vives, 1984; Vives, 1985; Sutton, 1998; Vives, 1999). It has also
been shown that the specification can be derived from a quadratic representative-consumer welfare
function and other microfoundations (Martin, 2009). The underlying rationale is that introducing
product variety in terms of substitutes expands overall demand. We cite a few of the many examples
of the use of linear demand models from the store-brand literature here. In the classic model of
differentiated products of McGuire and Staelin (1983) which readily applies to store brand settings,
demands are modeled as linear functions of price. Choi (1991) employs a generalization of this lin-
ear demand model. Raju et al. (1995) further generalizes linear demand models to capture special
features of national-vs-store brand competition. Cotterill and Putsis (2001) subsequently employs
a simpler form of Raju’s model, while Sayman et al. (2002) extend Raju’s model to accommodate
two national brands and one store brand. In view of the longstanding use and justification for linear
demand functions, we did not pursue the use of nonlinear demand functions, which, combined with
the capacity constraint at the store-brand factory, would have significantly complicated the analysis.
However, our approach for deriving the equilibrium is fairly general and relies only on the following
mild conditions: (1) the retailer’s profit function is jointly concave in the retail prices for the two
products; (2) the retailer can drive the demand for either product to zero by setting a sufficiently high
price (i.e., the retailer can implicitly choose whether or not to offer the two products via the choice
of retail prices); and (3) the retailer responds to changes in the wholesale price(s) in the direction(s)

that we would intuitively expect.

We do not require specific relationships between cy and cg or between wy and wg. Similarly, to
maintain generality, we make no assumptions regarding the relationship between py and pg (although
in practice, py is usually larger than pg). A study by Davies and Brito (2004) indicates that one main
reason for the higher wholesale prices of national brands versus those of third-party suppliers of store
brands is the higher costs of the former, partly due to higher advertising expenditures, overhead,

and/or labor costs. These higher wholesale prices usually translate into higher retail prices.

3.1 Retailer’s Problem

We first consider the retailer’s decisions given the wholesale price offered by the national brand, wy.
If the store-brand product is produced internally, the problem is to select py and pg to maximize

total profit from both brands, subject to the capacity constraint at the store-brand factory:



max g = (pnv —wn)lan = (By +7)py + vps]t + (ps — cs) [as — (Bs +7) ps + vpn] (1)

subject to : as — (Bs +7v)ps + v < Kgs

The retailer’s unconstrained optimal price reaction functions are (see Appendix A for the standard

first-order conditions):

« _ _on(Bs+7) +yes

. as(Bn +7) +yan
+ 0.5w and =
PN 2(BnBs + Bny + Bs) N b

57 2(BnBs + By + BsY)

+0.5cs  (2)

Notice that the above expressions contain wy, which is decided by the national-brand manu-
facturer. Thus, until the national-brand manufacturer’s wholesale price decision (which we study
in the next section) is known, we cannot know whether the above prices will keep the store-brand
demand below the store-brand factory’s capacity. If the retailer’s unconstrained optimal response
to the national-brand manufacturer’s unconstrained optimal wholesale price would cause the store-
brand capacity to be exceeded, it is optimal for the retailer to set the retail prices to ensure that the

capacity constraint is satisfied as an equality, leading to the following retail prices:

an(Bs +7) + as

PN = 3 (BnBs + By + Bs) 0owN )
. as(By +7) +yan ¥ ag —2Kg
bs = (4)

2(BnBs + BNy + Bs) " 285 +7) "N * 2(Bs +7)

The capacity constraint at the store-brand factory needs to be handled similarly for the other
game structures as well.

If the third party produces the store-brand product, the retailer’s problem is:

Jmax I = (pv—wn)on — By +7)py +70s] " + (ps — ws) [os — (Bs +7) ps +vpn] ™ (5)

We note that in this case, the retailer need not worry about the constraint on factory capacity.
Instead, the third-party producer sets wg, ensuring that the capacity constraint is satisfied (else the
third party sets a suboptimally low wholesale price and fails to maximize profit). The optimal retail

prices in this case are:

as(Bn +7) +yan
2(BnBs + By + Bs)

an(Bs +7) +yas
(BnBs + Bny + Bs)

PN = 5 +0.5wy and pg + 0.5wg (6)

3.2 National Brand’s Problem

The national brand’s pricing problem depends upon whether the store brand product is produced
internally (internal production, or /P for short), which we consider first, or by a third party. We
denote by 3PV the case of Nash competition between the two external suppliers; we denote by 3P°
the Stackelberg equilibrium, in which the national brand chooses its wholesale price first, followed

by the third-party producer.
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3.2.1 Internal Production of Store Brand (IP)

The national brand faces the following profit-maximization problem:

max Y = (wy — en) [an — (By +7) Py + 7Ps]

where p}; and p§ are defined by (2) and (3), respectively. This represents the first stage in the game:
the national-brand manufacturer chooses a wholesale price, wy, recognizing that the retailer will
next choose retail prices to optimize his total profit from both products, as described in Section 3.1.
The national brand’s problem is well-structured, although his optimal price depends upon whether
he can profitably utilize his first-mover advantage to “force” the store-brand factory to operate at
capacity (which usually yields less profit for the retailer). The national brand may be better off
taking a less aggressive stance and not forcing the store-brand factory to operate at capacity. The
detailed analysis appears in the unabridged version of this paper; we present the essential results in

Table 1.
Table 1: Equilibrium Wholesale Prices, Demands and Profits under I P

« __ an+7cg
w%ylp = 2B 1) + 0.5¢n
pur AN T (BN +7)en +ves
N.IP = 1
DUt _ Y(an + (By +7)en +7¢s) +2(Bn + ) (s — (Bs +7)cs)
SIp =
4(BN +7)
5 AN (an = (BN +7)en + 7es)?
g = |5 V7 8(By +1) 2
2 £ |z S 1 o2 o Ay + By +7)as]
é g § BIFT16(Br +7) | ¥ (BnBs + Buy + Bs)
S’ %D P + [(By +7)%eny — 2(Bn +7)(an +7¢s)] en
3
R + ((4(BnBs + BNy + Bsy) +7%) cs — 2 (4(Bn + 7)as + 3yan)) cs]
= B we = Mas = 2Ks)+ (Bs +y)an o
7§ NPT a(BnBs + By +Bsy),
5 = per _ Bstv)an — (BnBs + Bny + Bsy)en +y(as — 2Ks)
@ o N 4(Bs +7)
Dg,IP = Kg
Tl o - [Bs+v)an — (BnBs + Bvy + Bsy)eny +(as — 2K5))?
= NP 8(155 +7)(BnBs + BNy + Bs)
g _ 2 _
g HRJP_ 4(55+’7)(ﬂNﬁ5+5N’7+BS'}’) ([4(BNBS+/BN’Y+ﬁS’7)+37 ](Oés KS)
~ +37(Bs +7)an — 4(Bs +7)(BnBs + Buy + Bs)es +V(BnBs + By + Bs)en) Ks
[(vas + (Bs +v)an) — (BuBs + By + Bs Yew]”
16(8s + ) (BnBs + Bny 4 Bsy)

In the remainder of the paper, let wé:,w, D%ﬂ,c and Hé\*f,w where x € {IP, 3PN, 3P%}, 1 € {U,C}
denote the equilibrium wholesale price, demand, and profit for the national-brand supplier under

the different supply-chain configurations (or “configurations” for short), where the superscripts U
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and C refer to the unconstrained and constrained equilibrium settings, respectively. The demand

for the store-brand product is denoted by Dgx. Similarly, wg 3p g 3p

wholesale prices for the store brand offered by the third-party supplier under the 3PN and 3P°

~ and wy , s are the equilibrium
settings, respectively, for [ € {U, C'}. The equilibrium profits for the third-party supplier and retailer,
respectively, are denoted by ng and Hg’w x e {IP, 3PN 3P%} 1 e {U,C}.

Using the results in Table 1, it can be shown that if H%TI p > H%[ p, the national brand prefers
that the store-brand factory operates below capacity, and will choose wy to induce him to do so.

Substituting the profit expressions above and simplifying, the inequality is given by:

Ks > 217 {(Bs +y)an — (BnBs + BNy + Bsy)en +yas
_ [(Bs +7)(BNBs + BNy + Bsy)(an — (By +7)en +7es)? | _ o 1p
(BN +7) = K5 ™

3.2.2 Third-Party Production — Nash Competition (3P")

When the store-brand product is produced by a third party, that firm must compete with the
national brand. The (Nash) equilibrium wholesale prices must reflect the capacity constraint at the
store-brand factory and the retailer’s choice of prices as a function of both wholesale prices.

For a given wj, j € {S, N}, and anticipating the retailer’s response to both wholesale prices,

supplier i # j would solve:

_ o [ — (B ai(Bi+y)+y0y A a; (Bt +ve M
maxTlgpy = (wi = ) [os = (Bi+9) (7 nrag +00wi) +7 (s 535 s +05us)] (®)
The third party’s capacity constraint is given by:

as(Bn +7) +van an(fs +7) +vyas
(BsBx + B3y + Bvy) 0'5“’5) + (2<ﬂsﬁN T+ Bsv + Bx)

as — (Bn +7) (2 + 0.5wN) < Kg

In the above, we simplified the expressions by substituting in the retailer’s optimal prices. This
allows us to highlight the dependence of demand on suppliers’ chosen wholesale prices. As in the
earlier case, the equilibrium prices depend upon the capacity limitation of the third-party supplier
in equilibrium. Detailed results appear in Appendix B; key results appear in Table 2 below.

The value of Kg that equates w%g py and ch\;fs p~ (in Table 2) is the threshold value of Kg at
which the store-brand factory becomes constrained. It follows that the third-party supplier’s capacity

constraint is not binding in equilibrium if

Ks > 5(Bs +7) 2(88 + v)as — (2(Bn +7)(Bs +7) — ¥Hes + (B + 7)ven + van]

- 4(BN +7)(Bs +v) — 2 =K 0

12



Table 2: Equilibrium Wholesale Prices and Demands under 3PN

_ 7as + (Bs +71)[2an +7es +2(By +7)en]

o
ON3PN = 4B +7)(Bs +7) — 77
WU yen (BN +7)[2as + ven + 2(Bs + 7)es]
g 2 |« S3r A(BN +7)(Bs +7) — 7
£ % | 5| pr o _ Byt [208s +v)aw +y(as + (Bs +v)es) — 2By +7)(Bs +7) —17)en]
= S & M 2[4y +7)(Bs +7) 7]
CI- put . _ Bs+7) [2(Bn +v)as +y(an + (By +v)en) = 2(Bx +7)(Bs +7) = 7?)es]
3 st 2[4(By +7)(Bs +1) =17]
=R WO 2las —2Ks) + (Bs + 7)lan + (Bn +7)en]
A g N3Ps 2(8n +7)(Bs +7) — 72
2| | gon, = Yot (By +9)(2as + ey — 4Ks)
g C 5| 208y +7)(Bs +7) — 72
g po . _ By+9)[(Bs +)an — (Bubs + By + Bsy)en +(as — 2Ks))]
© PR 2[2(Bx + ) (Bs +7) =]
DS pn = Ks

3.2.3 Third-Party Production — Stackelberg Equilibrium (3P%)

We first study the third-party supplier’s response to any wy offered by the national brand. The

third party supplier seeks to maximize:

as(By +7) +yan }
max I1 = (wg—c {a — + [ + 0.5bwg | +

s tlsars = (s =es) (05 = 549 |55, 50+ By + Bs7) i

an(Bs +7) +yas ]}
+ 0.5w
{2(,31\/55 + Bny + Bs) o
subject to: as — (Bs +7v)ps +vpv < Kg
* ag YWN .
Thus, = + 0.5¢g. The national brand’s problem then becomes:
YT Bt T 2Bs ) P

an(Bs +7) +vas

BNBs + BNy + Bs)
as(By +7) +yan 1 asg oy

+ [2(BNBS +BN’7+ BS'Y) 2 (2(,85 +’7) + Q(BS +’7) + 0505)}}

%%XHNﬁps = (wny —cnN) {aN — (BN +7) {2( + 0.5wN}

Solving the national brand’s problem, we obtain the equilibrium wholesale prices as shown in
Table 3. Detailed derivations appear in Appendix C. Because the national brand is the first mover,
he can choose the equilibrium of the continuation subgame that he prefers. The national brand
prefers the equilibrium in which the store-brand factory is unconstrained if H%}) ps 2 Hg}) ps-

Thus far, we have made some preliminary observations that provide the foundation for the pro-
ceeding analysis. We next compare the equilibrium capacity configurations (Section 4), and identify

conditions under which the retailer is better off by selling the factory (Section 5).
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Table 3: Equilibrium Wholesale Prices and Demands under 3P°

WU _CN | Yas+ (Bs +7) [2an +cs]
NSPE T2 T 4B +9)(Bs +7) — 292
WU N (4(By +7)(Bs +7) = 7*) las + (Bs + v)es] + 2(8s + v)von
SIPTA(Bs +7) 4[2(By +7)(Bs +7) = 72)(Bs +7)]
2 || pv. . _ 2Bs+)an +7(as + (Bs +7)es) — 2(Bn +7)(Bs +7) — 7 )en
s = | N3P 8(Bs +7)
2 '% £l pur . _2Bs+9) [yan — (40BN +7)(Bs +7) = 37%)es] + (4(Bn +7)(Bs +7) —7*)as
= B [E| 797 82(By +7)(Bs +7) — 7?)
= & |5 28BN +7)(Bs +7) —7*)en
28 8(2(8y +1)(Bs +7) = 7?)
§ Z | - nggps = w}?/,*IP
3 |2 | wo o e 2(8n +7)(Bs +7) —7*I(as — 2Ks) +v(Bs +7)an
8 S8 | & S3PE T 2(Bs +7) 2(Bs +7)(BnBs + Bny + Bs)
@ 2 || DS sps = DX,
5 N,3PS N,IP
- Dg,;PS = Ks

4 Comparison of Equilibrium Capacity Configurations

The capacity thresholds derived in the previous section give rise to regions in which the store-brand
factory is (or is not) capacity constrained under IP, 3PV and 3P° in Figure 2. We first establish the
relationship among these capacity thresholds, and then use these results to study how the wholesale

price offered by the national brand varies under the different configurations.

Region: 1 2 3 4

IP Constrained
3P" Constrained

3P* Constrained

IP Constrained
3P" Unconstrained

3P® Constrained

IP Constrained
3P" Unconstrained

3P® Unconstrained

IP Unconstrained
3P" Unconstrained

3P® Unconstrained

>

K K,

3pN 3PS
K} K;

Figure 2: Equilibrium configurations under 7P, 3PV, and 3P° as a function of Kg.

In Figure 2, the capacity KgP " denotes the level below which the store-brand factory is capac-
ity constrained under third-party ownership with Nash competition, while K g«P * and K éP are the
analogous capacity levels under Stackelberg competition and under internal production, respectively.
In Appendix D, we show that K gp Y <K gp g <K ép . The intervals delimited by these thresholds
define four regions in the Kg-space. Within each region, we know whether the store-brand factory’s
capacity constraint is binding depending on the configuration.

We next compare the national brand’s wholesale prices under IP, 3PN and 3P%, and show how

prices are affected by the capacity of the store-brand factory.
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4.1 Comparison of the National Brand’s Equilibrium Wholesale Prices

Clearly, the introduction of an independent third-party producer will lead to double marginalization
on the store-brand product. However, it is not immediately clear how this will affect the national
brand’s behavior, especially when capacity constraints come into play.

The next set of results shows how the national brand’s wholesale price changes when the store-
brand factory is capacity-constrained. In the interest of brevity, the results are illustrated in Figure 3;
the proofs are provided in Appendix E. Unsurprisingly, the national brand’s wholesale price is smaller
under 3PN than under 3P due to the loss of his first-mover advantage in the former case, and this

is true for all capacity levels of the store-brand factory.

Region: 1 2 3 4
wn | Wy o < Wi W o < W oy
N3PV N,3PS 5 * N.IP N,3PN
S| we =W, Wapy SWaapsype ™ <o
e N3ps — "UN.IP N3PV N.3PS
A
L N .
s [ N, —— W
£
Lo) \\\ .......... w/:/,?sPs
= ~ Wy 3pn
= ~N -
g ~
E .......... \ ...............................
N >
= S
=
o L ———
m
3pN 3PS p
K; K K, K

Figure 3: Equilibrium prices under IP, 3PV, and 3P° configurations as a function of Kg.

For low capacity levels (Kg < K gP S), the national brand’s equilibrium wholesale price is the
same under 3P° and IP because the national brand can utilize his Stackelberg leadership to his
advantage. At moderate capacity levels (K3 Y<K s < KLP), the national brand’s equilibrium price
under IP may be larger than or smaller than his Stackelberg and Nash equilibrium prices for the
third-party ownership scenarios. Furthermore, as can be observed from the figure, there exists a
threshold capacity level below (above) which the national brand’s wholesale price is smaller (larger)
under third-party ownership than under retailer ownership of the store-brand factory.

If the store-brand factory has ample capacity (Kg > KZLP), the national brand’s equilibrium

wholesale price increases under third-party production with either Nash or Stackelberg competition.
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Taken together, these findings indicate that the capacity level plays a complex role in influencing
whether, in what direction, and how much the national brand changes his wholesale price when the
store-brand factory is sold to a third party. Indeed, it is surprising that double marginalization of
the store-brand product may lead to a decline in the wholesale price of the national-brand product.

We next examine how the capacity of the store-brand factory affects the retailer’s profit and

whether the retailer may be better off if he sells the store-brand factory.

5 Capacity and the Retailer’s Profit

The change in the retailer’s profit due to selling the store-brand factory depends heavily on the
factory’s capacity. In this section, we explore how the retailer’s profit differs between the IP and
3PN configurations as a function of the store brand factory’s capacity level (Results for the 3P°
configuration appear in Appendix C). One of our goals is to identify conditions under which the
retailer is better off or only marginally worse off under 3P than under IP. We recall that our model
does not account for any fixed costs of ownership; thus, if the retailer is only marginally worse off in
our model, he may be better off when all costs are considered.

Before proceeding with the analysis, we first present some properties of the retailer’s profit
functions. The retailer’s profits under I P are listed in Table 1. The retailer’s profits under the 3PV
and 3P° configurations can be similarly derived using the prices in (2)-(4) and the expressions for

wholesale prices and demands in Tables 2 and 3. The proof of the following result is in Appendix F.1.

Lemma 1 Ovwer the regions in Figure 3, the retailer’s profit functions have the following forms:

(a) Under 3P : convex increasing in Region 1 and constant in Regions 2, 3, and 4.

(b) Under IP: concave increasing in Regions 1, 2 and 3; an (upward) jump-discontinuity at the upper
boundary of Region 3; constant in Region 4.

(c) Under 3P%: convex increasing in Region 1 and 2; an (upward) jump-discontinuity at the upper

boundary of Region 2; and constant in Regions 3 and 4.

We next compare the retailer’s profit under the different configurations.

5.1 Comparison of Retailer’s Profit in Regions 1 and 2

Recall that ch\;’*g py and w][\],g pn in Regions 1 and 2, respectively, are smaller than ch\}j} p, as proved
earlier. Therefore, if the national brand’s price under 3PN is sufficiently smaller than it is under
1P, the retailer’s profit from the national-brand product may sufficiently rise to offset the effect of

double marginalization on the store-brand product. We formalize this possibility below.

Proposition 1 There exists an interval of capacity levels in Region 1 over which the retailer’s profit

is always higher under 3PN than under IP.
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The proof is in Appendix F.2; a brief sketch of the proof follows. First, we show that the retailer’s
profit under 3PN exceeds his profits under IP at Kg = 0. From Lemma 1, it then follows that the
retailer’s profit functions under the IP and 3PN configurations may cross at most twice, as one is
convex increasing and the other is concave increasing. Together, these results imply that the retailer
will always be better off under 8PV than under IP for some Kg-interval in Region 1. Figure 4
illustrates how the retailer’s profit may compare across the two configurations. It also shows how

the retailer’s profits may compare under IP and 3P in Region 2.

11 11 11
P P 3 1P
3pV 3pn /_ 3pV
KUK K KKK K KD KD KK

Figure 4: Potential crossings of the retailer’s profit functions under IP and 3PV .

Corollary 1: The retailer’s profit under 3PY may exceed his profit under IP for capacity levels in
Region 2.

Under the 3P° scenario, the national brand, due to his first-mover advantage, is able to com-
mand the same wholesale price as in the IP configuration, and obtains the same level of profit.
By substituting for the wholesale prices in (3)-(5), we find that the retailer charges the same retail
prices under 3P° as under IP for both products (and, therefore, faces the same demand as in the I.P
configuration); however, the retailer’s profit always decreases due to double marginalization on the

store-brand product, as stated formally in the next proposition.

Proposition 2 The retailer’s profit under 3P° never exceeds his profit under IP for capacity levels

in Regions 1 and 2.

5.2 Comparison of Retailer’s Profit in Region 3

The above results demonstrate that the retailer’s profit function under I P dominates the retailer’s
profit function under 3P over the first two regions. At the lower boundary of Region 3, where the
equilibrium capacity configuration changes from constrained to unconstrained, there is a discontinuity
(an upward jump) in the retailer’s profit function. Due to this discontinuity, the retailer may be
better off under the 3P° configuration in all or a portion of Region 3, as the following proposition

and Figure 5 indicate.
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Proposition 3 The retailer may be better off (profit-wise) under 3P° than under IP for some

capacity levels in Region 3.

11 11
—— P —— P
//‘.,// .......... 3ps - —
///’/ ///’: ..................................... 3ps
4 /
K3 g3 KP K K3 g K:IP K
S S S S S S K Ky

Figure 5: Potential crossings of retailer’s profit functions under IP and 3PS.

The retailer may also be better off under 3PV than under IP in Region 3. This follows from the
fact that in Region 3, the retailer’s profit under IP is increasing, whereas it is constant under 3PV .

Thus, they may cross at most once.

5.3 Comparison of Retailer’s Profit in Region 4

In Region 4, the equilibrium capacity configuration is unconstrained under all three settings, and wj,
is greater under third-party production than under internal production. As a result, the retailer will
be worse off if he sells the factory. This result is intuitive: a dollar increase in the wholesale price
leads to less than a dollar increase in the optimal retail price. Due to double marginalization on the
store-brand product and the wholesale-price increase of the national-brand product, the retailer will

sell smaller quantities of both products at smaller margins, strictly reducing his profit.

5.4 Implications of the Findings for the Four Regions

One inference that can be made from the foregoing results in this section is that conditions need
to be somewhat extreme in terms of the (weak) quality of the store-brand product or in terms of
the capacity tightness of the store-brand factory, or both, to make it economically advantageous for
the retailer to sell the store-brand factory. Nevertheless, it is surprising that the introduction of a
capacity constraint at the retailer’s factory, which always exists in practice, can lead to a conclusion
that would never occur in the absence of a capacity constraint. Furthermore, as noted in the
introduction, some retailers own store-brand factories that are operating near capacity, and these
retailers offer some store-brand products that are intentionally positioned to be at a much lower
quality tier than the national brand and offered at a much lower price. One example of such a
product category is store-brand soft drinks. Thus, real situations exist that fit the conditions under

which the retailer would benefit from selling the store-brand factory.
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Our results imply that for store-brand products of sufficiently high quality that are produced in
a facility without tight capacity constraints, the retailer is better off keeping (or bringing) produc-
tion in-house (if the retailer can cover the fixed cost of operation with the incremental profit from
production in-house). Some major retailers, such as Kroger and HEB, which have sufficient capital
to invest in manufacturing facilities, have identified product lines that fit these specifications and are

actively building or purchasing production facilities (cf. CBS News (2009) and Nowlin (2014)).

5.5 Effect of Degree of Substitutability

The results described above hold whether the products are close substitutes or not. In other words,
although the retailer achieves a higher profit as product substitutability () increases, a low sub-
stitutability does not preclude the retailer from benefiting from the sale of his store-brand factory.
This is because even for low values of 7y, the positive effect of competition may dominate the negative

effect of double marginalization. We provide an example to illustrate this result in Appendix F.4.

We next explore how the national brand’s profit and market share are affected by the supply-chain

configuration and the capacity of the store-brand factory.

6 Implications for the Manufacturers

6.1 The National Brand

In this subsection, we characterize the national brand’s profits and equilibrium demand under each
configuration, and then compare them across the different store-brand capacity regions. We begin

with the following technical result (proofs for this section are in Appendix H).

Lemma 2 Under IP, the national brand’s profit is convex decreasing in Kg in Regions 1, 2 and
3, and constant in Region 4. Under 3P, the national brand’s profit is convex decreasing in Kg in
Regions 1 and 2, and constant in Regions 3 and 4. Under 3PV, the national brand’s profit function
is convex decreasing in Kg in Region 1 and constant in Regions 2, 3, and 4. Furthermore, each profit

function is continuous.

The next result shows how the national brand’s profits compare under the different configurations.

*

Lemma 3 In Regions 1, H%TIP = H%BPS > Hg;,)PN. In Region 2, H%TIP = H%TSPS > H%T:,)PN. In

. U* Uu* U* c* ; U* U* U=
Region 3, HN,SPS > HN,?,PN and HN,3PS > 11§ 1p- In Region 4, HN,3PS > HN,3PN > 1Ty rp-

Figure 6(a) applies Lemmas 2 and 3 in depicting the national brand’s profit under the different
configurations. The relationship shown in Region 4 (Kg > K ép ) is what we would intuitively expect
in the absence of capacity constraints: it parallels the price-setting power of the national brand. But

some of the relationships in the other regions are not necessarily intuitive, and these phenomena
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Figure 6: (a) National brand’s equilibrium profits as a function of Kg; (b) National brand’s equilib-
rium demand as a function of Kg.

can also be attributed to the national brand’s pricing power. We note the similarity between Figure
2, which shows the national brand’s equilibrium prices, and Figure 5(a), which shows the national
brand’s profits. The only qualitative difference is that some portions of the profit functions have
curvatures that arise from the nonlinear effect of multiplying price and volume.

These findings show that the national brand’s profit depends not only on whether he is the first
mover, but also on the ownership and capacity of the store-brand factory. Indeed, for any supply-
chain configuration, increasing the capacity of the store-brand factory puts pressure on the national
brand to reduce his price, up to the point where the capacity constraint is no longer binding. Since
the threshold at which the store-brand factory is no longer capacity constrained varies across the
supply-chain configurations, some unexpected relationships arise.

Interestingly, from Figures 5(a) and 6(a), we observe that at some capacity levels within Region
3, both the retailer and the national brand manufacturer may be better off if the retailer sells the
store-brand factory. We elaborate further on this in Section 6.3.

We now turn our attention to the impact of selling the factory on the national brand’s equilibrium

demand (depicted in Figure 6(b)).

*

Lemma 4 In Regions 1, DS ;p = D%*gps < D%*3PN. In Region 2, DS ;p = Dg aps < D%*SPN. In

. C* U* U* . U* U* U~
Regions 3, Dy 1p < -DN73PS < DN73PN' In Region 4, Dy 1p < DN,3PS < DN,3PN'

From Figure 6(b), we can see that if the national brand’s primary concern is unit sales (demand),
he would prefer that the retailer sells his factory (and to compete Nash with the third party). This
finding is irrespective of the capacity level of the store-brand factory. We note that this is the
opposite of his preference ordering when considering profits. Said another way, the national brand

can trade off high profit for high demand, and vice versa.
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6.2 Third-Party Manufacturer

We show (details are in Appendix I) that the third—party manufacturer prefers the national brand
to be the Stackelberg leader when the store-brand capacity is in Regions 1, 3 or 4. We have not
been able to establish the result for Region 2 due to the complex forms of the expressions for the
region boundaries, but have observed from numerical examples that Region 2 is quite small, and
have been unable to generate a counterexample in which the third—party prefers to be the leader.
This relationship is illustrated in Figure 7. In view of these results, both parties may be better off
with such an arrangement. The main reason for this phenomenon is that the national brand charges
a higher price when he is the Stackelberg leader than under Nash competition, which gives the third

party manufacturer more latitude in maintaining a relatively high wholesale price.

e
“““““

o s
X

3pV 3ps 1P
K} K" Ks K

Figure 7: Third Party’s Profits under 3PY and 3P° configurations.

6.3 Win-Win-Win Scenarios

We have been able to identify instances in which all parties (the retailer, the national brand, and the
third party) are better off as a result of the retailer selling its store-brand factory. From Figure 6(a),
it is evident that there cases, particularly in Region 3, where the national brand prefers to operate
under the 3P° configuration. The retailer, as demonstrated in Figure 5(a), may also prefer the
3P° configuration to the IP configuration in Region 3. These situations are driven by a switch
from a constrained equilibrium under IP to an unconstrained equilibrium under 3P°. Relative to
the constrained equilibrium under IP, where the store brand is sold more aggressively (with the
retailer only paying the marginal cost rather than the wholesale price set by the third party), this
switch enables the national brand to adopt a strategy of expanding market share by offering a lower
wholesale price. As a result, the national brand captures a larger market share and is better off.
The retailer, for his part, is selling overall larger quantities at slightly lower retail prices, and is
overall better off. Finally, the third party is trivially better off since its profit is non-zero. Because
of the complex parameter interactions in the retailer and national-brand profit functions, it is rather

difficult to identify exact parameter ranges for such win-win-win scenarios. From our exploration of
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numerical examples, we have found that these cases arise when demand for the two products is strong
(i.e., the « values are large) but very price-sensitive, the two products are highly substitutable, and
the store-brand has a cost disadvantage relative to the national brand.

In such circumstances, if the retailer produces in-house, he sets a high retail price for the store
brand — not only to cover his production cost but also to keep demand for the store brand below
capacity. Due to high substitutability with the store-brand product and anticipating the retailer’s
actions, the national brand finds it optimal to set a relatively high wholesale price.

If, on the other hand, the store brand is produced by a third party, the double marginalization
on top of the high production cost causes the retailer to favor selling less of the store brand and more
of the national brand. Recognizing this, the national brand manufacturer lowers his wholesale price,
and is able to garner significantly higher market share because demand is highly price-sensitive.

The combination of conditions described above would be applicable in the case of a small retail
chain whose factory cannot reach sufficient economies of scale to achieve low production costs, pro-
ducing a high-volume commodity product. Examples include granulated sugar and flour for baking.
Products of this type are sold in relatively high volumes. Moreover, they are essentially commodities,
so the national- and store-brands are highly substitutable and demand is highly price-sensitive. In-
deed, even retail chains of moderate size cannot achieve sufficient scale economies in the production
of this type of product, so they almost uniformly choose to outsource them. (Neither Safeway nor
Kroger owns a factory to mill grains but both sell private label flour. See Innate Health Services,
LLC (2010) regarding sugar processors and their private label relationships.) As products in some
categories become increasingly commoditized, such situations are likely to become more common,

even for products for which national and store brands are perceived as differentiated at this time.

7 Price Negotiations with the Third-Party Manufacturer

In this section, we study a situation in which the third-party store-brand manufacturer has incomplete
power in setting his wholesale price (e.g., due to preexisting contractual terms with the retailer). We
do so by embedding a negotiation subgame between the retailer and the store-brand manufacturer to
determine the resulting store-brand wholesale price. We model this subgame as a random-proposer
game (cf. Marx and Shaffer 2007, 2010; Krasteva and Yildirim 2012). We assign a bargaining power
© to the retailer and 1 — ¢ to the manufacturer. The retailer makes a take-it-or-leave-it wholesale-
price offer to the third-party producer with probability ¢ (in which case he offers the latter’s marginal
cost cg) and the third-party producer makes an offer with probability 1 — ¢ (in which case he offers
wg > cg, to be determined shortly). In either case, the maximum quantity the retailer can order
is Kg. We make the assumption that the national brand has more bargaining power in setting its
wholesale price than the third-party producer, and we normalize it to 1. This assumption is plausible

given that national brands tend to have loyal customer bases and thus retain greater power in setting
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their wholesale prices.

As the national brand does not directly observe the outcome of the negotiation between the
retailer and the third party, it sets its wholesale price based on the expected outcome of this nego-
tiation, while the store-brand producer and the retailer best respond to the national brand’s (new)

pricing strategy. We focus on the 3P setting in this section; the analysis for the 3P° case is similar.

Retailer’s Problem

Let (p%,p%) and (p},ps) denote the retail prices for the national-brand and store-brand products
when the retailer loses and wins the negotiation, respectively. Let 3Pg denote the (new) 3PN setting

given the retailer’s bargaining power . The retailer’s problem is to choose prices to maximize:

oex =@ (kv —wn) - D (bl ps) + (v —cs) - Ds (pi-pS)| (10)
+ (1=¢) [( —wn) - Dy (k. p%) + (P& —w§) - Ds (P, p%)|
subject to: Dg (p}v,p}g) < Kg (11)
The first (second) term represents the retailer’s profit conditional on the retailer (third party) winning

the negotiation, multiplied by the respective winning (losing) probability.

National Brand’s Problem

Although the national brand does not observe the outcome of the retailer’s negotiation with the third
party when determining his wholesale price, we assume that the retailer’s relative bargaining position
is common knowledge. Given the national brand’s beliefs about the outcome of the negotiation, his

objective is to choose wy to maximize his expected profit:
max Iy (wy) = ¢ [(UJN —cn)Dn (P}vap}gﬂ + (1= [(UJN —cn)Dn (p?v,p%)} (12)
N

Third-Party Producer’s Problem

We first note that the third party will have zero profit if the negotiation favors the retailer. With
probability (1 — ¢), the negotiation favors the third party, allowing it to set a wholesale price of its

choosing. The third party then chooses a wholesale price wg to maximize:
max s (vd,¢) = (1-¢)[(ws - es)Ds (PR 0%)] (13)
Wg

subject to: Dg (p?v,p%) < Kg

There are three possible outcomes vis-a-vis capacity utilization of the store-brand factory in

equilibrium: (i) the store-brand factory is unconstrained whether the negotiation outcome favors the
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retailer or the third-party (denoted as the UU equilibrium); (ii) the store-brand factory is constrained
when the retailer wins the negotiation, but unconstrained if the third-party wins the negotiation (de-
noted by CU); and (iii) the store-brand factory is constrained in equilibrium independent of who
has the upper hand in the negotiation (denoted by C'C). The UC case, in which the store-brand
factory is unconstrained if the retailer wins the negotiation and constrained if the third party wins,
never occurs in equilibrium. This is because if the retailer wins the negotiation, double marginal-
ization does not occur, whereupon the retailer would always choose to produce at least as much as
an independent third party. The following result describes our findings. The proof is omitted in the

interest of brevity because the results are intuitive. Details are available from the authors.

Proposition 4 The following hold in equilibrium:

(i) Over the parameter range where the retailer prefers selling the factory in the base model, both the
retailer’s expected profit and benefit from selling the factory are decreasing in its bargaining power p;
for all other specifications, the retailer does not sell the factory and his profit is unchanged.

(ii) For bargaining power ¢ € (0,1), the retailer’s expected profit under SPg is between his profit
under the 3PN (o =0) and IP (¢ = 1) outcomes in the base model.

From the above, it follows that as the retailer’s bargaining power, ¢, increases, the difference
between the retailer’s expected profit under I P and 3Pév diminishes. Hence, the retailer’s incentive
to sell the factory declines. This is intuitive, since with ¢ > 0, the retailer does not completely
relinquish control over wholesale pricing of the store-brand product to the third-party producer. The
national brand manufacturer, in turn, retains some of his first-mover advantage, which diminishes

the retailer’s benefit from selling the factory.

8 Conclusion

There are many non-financial reasons for why a retailer may choose to retain its store-brand factories,
such as better control over product quality and delivery reliability. There are also non-financial
reasons for why a retailer may choose to sell its factories, including union-related issues and a desire
to focus on its core competencies. In this paper, we focus on the financial consequences that arise
due to changes in the competitive environment and examine some of the implications of the retailer
selling his factory to a third party.

We study a model in which a store-brand product is produced at a retailer’s capacity-limited
factory and competes with a national brand. For settings with third-party production of the store-
brand product, we considered several plausible power relationships among the parties which we
capture in the form of different pricing game structures, including one in which there is (wholesale)

price negotiation between the retailer and the third-party producer of the store brand product.
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We characterize how the equilibrium price offered by the national brand as a function of the store-
brand’s capacity changes if the store-brand factory is sold to a third-party. Although one may expect
the equilibrium wholesale price offered by the national brand to increase once the retailer’s factory
is sold, we find that capacity constraints have unintuitive effects. In particular, in cases where the
store-brand factory is operating at capacity in equilibrium, the national brand’s wholesale price may
be lower when a third party operates the store-brand factory. Furthermore, due to lower national-
brand wholesale prices and the concomitant effects on equilibrium, the retailer may be better off
selling his factory. We provide comparative statics on equilibrium decisions and outcomes, including
prices, demands, and profits, as a function of the capacity limitation of the store-brand factory.

Our findings indicate that the answer to the question of whether the retailer should sell his factory
is not straightforward — it depends on the competitive relationship between the national brand and
a third-party owner of the store-brand factory, and it depends intricately on the capacity limitation
of the store-brand factory, Our analysis does not take into account any of the retailer’s fixed costs of
ownership and operation of the factory, but only variable production costs; thus, if such fixed costs
are high, the retailer’s incentives to sell the factory would be higher than those we describe.

Possible avenues for further research include exploring the impact of different types of demand
functions, including those based on more detailed models of customer choice, incorporating additional
cases of information asymmetry, considering competition at the retail level, and allowing for dynamic
elements such as repeated interactions. As we mentioned earlier, there are settings in which the
retailer has more market power than one or both of the manufacturers. In addition, some third-
party producers of store-brand products have become larger and more powerful in recent years, often
producing store brands for multiple retailers. In some cases, these third-party producers are more
powerful than the retailers to whom they sell, and may even be more powerful than regional or weak
national brands. Moreover, national-brand manufacturers have become more prominent players in
the production of store brands (Kumar and Steenkamp, 2007). In some product categories, there
is more than one major national brand. Thus, a multitude of different supply-chain ownership and
power structures arise in the competitive marketplace involving store brands and national brands.
Further research is needed to understand how supply chain structures and power relationships, as
well as operational factors such as capacity constraints, affect equilibrium prices and profits in these

settings.
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Appendix A Retailer’s Optimal Prices

In the case of internal production, the retailer’s reaction function given the national brand’s wholesale price,
wy, and the store-brand factory’s production cost, ¢g, can be derived from the first order conditions of (1):

oIl

W;j = an + (By + 7wy + 29ps — ves — 2(Bn +7)py =0
Olp _ 2 2 -0 14
ops as + (Bs +7)cs + 2vpy —ywn —2(Bs + ¥)ps = (14)

When the retailer’s factory’s capacity constraint is binding, the first order conditions resulting from the
Lagrangian objective tied to (1) are:

OLR

oy an + (By +7)wn + 2yps —yes — 2(By +v)py — My =0 (15)
OL
WS’ = as+ (Bs +7)es +2ypy — ywn — 2(Bs +7)ps + M(Bs +7) =0 (16)
OL
871\5 = Ks—(as—(Bs+7)ps+ypn) =0 (17)

where M is the Lagrange multiplier. From the expressions above, we can show that when the retailer’s capacity

% + 0.5wy and pg = % + 0.5¢g. On the

other hand, if the retailer’s factory’s capacity constraint is binding, we have:

constraint is not binding, pjy and p§ can be expressed as: py =

as(By +7) +yan
(BnBs + Bny + Bs7)

an(Bs +7) +yas
(BNBs + BNy + Bs)

Py = 5 +0.5wy and pg = 3 + 0.5¢s
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Appendix B Equilibrium Wholesale Prices and Profits — Nash
Competition (5PY)

The manufacturers’ equilibrium wholesale prices can be derived from the following first-order conditions of
the respective manufacturers’ profit maximization problems: II; 3p~ with respect to w;, 7 # j is:

3Hi13p1\r
8wi

a; +yw; + ¢ (Bi +7)

5 (18)

= —(Bit+y)wi+

Setting the derivative equal to zero, we get the optimal response functions for suppliers i and j, w}(w;) and

wi (w;): .

R yw; o Yw;
wi (wj) 3B +7) 20 +7)

+0.5¢; and - wjws) = 2(8; J—F’Y) T30 )

Solving the above equations simultaneously, we find the equilibrium wholesale prices under the unconstrained
3PN configuration to be:

+ O.5Cj

WU = it (Bi + )20 + yei + 2085 + 7)¢j] vr 09y + (B + )2 + 76 + 2(Bi + v)ed]
53PN 48 +M(Bi +7) =2 53PY A(Bi +7) (B +7) =2

Substituting these equilibrium wholesale prices into (8), we find that the national brand’s equilibrium profit,
under the 3PV configuration when the store-brand factory is capacity unconstrained is:

o, _ By +) [yas +2(Bs + v)aw +7(Bs +7)es = [2By +9)(Bs +7) =] en] :
Nap 2[4(By +7)(Bs +7) — 72

We next find the equilibrium wholesale prices and national brand’s profits when the third-party producer
is capacity constrained. The third party supplier is capacity constrained if

(19)

as(By +7) +yan 1 ]+ { an(Bs +7) +yas 1
ap

as —(Bs+ + sws +swn| > Ks
( ) 2(BNBs + By + Bsy) 2 (BNBs + By + Bs7) 2
Thus, when the factory is capacity constrained, the capacity-clearing price is

as —2Ks +ywn
(Bs +7) '

ws(wy) = (20)

Simultaneously solving (20) along with the national brand’s wholesale price response, wi (wg) = ﬁ +
N TV
Tws

+0.5¢n, we obtain the equilibrium wholesale price for the store brand and national brand supplier:

2(By +7)

wC o don + (By +7)QRas +eny —4Ks) o on o olas = 2Ks) + (Bs +)law + (B +)en]
octivay, s ) =2 A 2By +7)(Bs +7) — 72 ’

respectively.

Substituting both wg*?) pv and wgg pn into (8), we find that the national brand’s equilibrium profit under
the 3PN configuration when the third party supplier is capacity constrained to be:

o (Bn +7) [(Bs + Man — (Bx +7)(Bs +7) —1%)en + v(as — 2Ks)]

II N = 21
ar 2[2(8x +7)(Bs +7) — 2 &

29



Appendix C Equilibrium Wholesale Prices and Profits — Stackel-
berg Configuration (3P°)

C.1 Third Party Supplier Problem — Unconstrained Store-Brand Factory

For any value of wy, the third party supplier’s wholesale price response can be derived from the following
first-order condition tied to his profit-maximization problem:

Jllg

1 1
dus —(Bs + Nws + =+ Zqwy + =cs (Bs +7) (22)

2 2 2
Solving for wg, we obtain the third-party supplier’s optimal response:

" . as YWN
wg(wy) = ) + 2(Bs +7) + 0.5¢cg (23)

C.2 National Brand Supplier Problem

Using the third-party supplier’s optimal wholesale price response function, the national brand’s wholesale price
response can be derived from the following first-order condition tied to his profit-maximization problem:

OMysps  _ _2Bv+)Bs+7) =9~ av  _yas  3es 2By +7)(Bs +19) =
dwn 2(Bs +1) MU T 4B +) 2 4(Bs +7)

cn(24)

cn | yas + (Bs +7) 2an + yes]

24BN ENBs ) -2
find the equilibrium wholesale price for the third party supplier to be

Solving (24) for wy, we have w%jgps = . Substituting w%*BPS into (23), we

WU N 2(Bs + y)van + 4By +7)(Bs +7) —7°) las + (Bs +7)cs]
SIPE T 4(Bs + ) 4[(2(8n +7)(Bs +7) —71*)(Bs +7)]

Substituting for the equilibrium wholesale prices into the national brand’s profit function, we find that
the national brand’s equilibrium profit under this capacity configuration is:

v, — L | [20s ta)aw +a(as + (Bs +v)es) — (20By +7)(Bs +9) - 7)en]” (25)
N3PS = 16 (Bs +7)(2Bx +7)(Bs +7) — 1)

C.3 Third-Party Supplier Problem — Capacity Constrained Store-Brand Factory

As given by (20), the market-clearing value of wg when the factory is capacity constrained is wg(wy) =
as —2Kg + ywn

(Bs +7)
national brand’s wholesale price response can be derived from the following first-order condition:

Using (2) and the third-party supplier’s optimal wholesale price response above, the

Mysps _ PByBs+ By + ﬁsﬁ’wN Lov,_ves  12Ks (26)
dwn 2(Bs +) 2 2Bs+7) 2Bs+7)

Solving (26) for wy, we find that the national brand’s equilibrium wholesale price is

Wl N as = 2Ks) + (Bs +y)an _
N,3P 2 2(/8N55+BN’Y+5S’Y) N,IP

Substituting wg*g ps into the expression for the store-brand supplier’s optimal response, w§(wy) above, we
find the equilibrium wholesale price for the third-party supplier to be

WO N 2(85 +7)(Bs +7) —*)(as = 2Ks) +v(Bs + v)an
S3P5 7 9(Bg +7) 2(Bs +7)[BnBs + BN + Bs7]

Using the expressions for wf,*?) ps and wggps, we find the national brand’s equilibrium profit under this
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capacity configuration to be:

o L[ [(Bs +v)an +v(as — 2Ks) — (Bufs + Byy + Bsy)en]”
AR (Bs +7)(BnBs + By + Bs7)

(27)

Appendix D Proof of Relationships Among Capacity Thresholds

In this section, we show that KgPN < Kgps < Kép.

D.1 Proof of K3 < K3F°:

Recall that K gP " and K gp ® are given by (9) and (7), respectively. Under the 3P° configuration, the contri-
bution margin for the store-brand supplier can be written as:

wYyps — g = — N (4(Bn +7)(Bs +7) —7°) las + (Bs +7)es] +2(Bs +v)yan
S,3PS S 4(65 + '7) 4[(2(61\[ + fy)(ﬂs + ry) _ 72)(55 ¥+ ’Y)]

which must be nonnegative. Thus, cg must satisfy the following, where the right hand side is an upper bound

ones: (Bs + )van + as[(48n +7)(Bs +7) = ¥*1 + [2(B8 +7)(Bs +7) — ¥Plen
(Bs +7)4(Bn +7)(Bs +7) — 37?2)

Substituting the upper bound for cg into the difference of (9) and (7), we obtain the following expression
as a lower bound on Kgps — KgPN:

2
cs < (28)

2[2(Bn +7)(Bs +7) — %] - C [(Bs +7)an +vas — (BnBs + By + Bsy)en

K3PS . KSPN > >0
5 5 [4(Bn +7)(Bs +7) — 372 v
_ 2BN+7)(Bs+7) = (BnBs+BnY+Bs7) 3PS 3pN 3pS 3pN
where C' = 4(Bx+'y)(ﬁz+v)—'y2 Q(ﬁj\l;fv)(ﬂé\;“'l"}’)i"/z > 0. Therefore, Kg"© — K2~ >0,o0r K& > K2 .

D.2 Proof of K3F° < KIF:

Using (7), we have K37 < KLP if

\/[2(ﬂs+v)azv+“/(as+(ﬁs +y)es)=(2(Bn+7) (Bs+r)=12)en]? \/(6s+7)(aw —(By+y)en+yes)?
22(BN+7)(Bs+7)—77] = (By+7)

Moving the squared terms outside the square root, and subtracting the righthand side from the lefthand side,

we get:
1 e ke A(Bs +1)° _ [ Bs+7)
\/2[2(ﬁw+7)(5s+7)—72} 7los = (s +7)es +yen] + \/2[2(5N+7)(5s+7)—v2] \/(ﬂmv)

>0 >0

Jan = (Bn +7)en +y¢es] 20
The latter part of each term is just the store- and national-brand demand, respectively, at (cy, cs), which are
non-negative. Thus, K g’P ° <K éP indeed holds.
Appendix E Proof of Results in Figure 2

In this appendix, we detail the relationship among the wholesale prices under IP, 3PY and 3P° in the different
capacity regions using four propositions. For each region, we express the relationships among the wholesale
prices in the statement of the proposition, followed by its proof.
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Proposition A For Kg in Region 1, where the store-brand factory’s capaczty constmmt 18 binding under IP,
3PN, and 3P%, the national brand’s equilibrium wholesale prices satisfy wN apy < wN p= w](’\; 3ps -

Proof: Using algebraic manipulations, we can show that the condition w§; ;p > w§ ;p~ can be written as:

Y(as —2Ks) + (Bs +7)an
2(BnBs + By + Bs7)

> 0.5¢cn (29)

Notice that the left-hand side of the above inequality is equal to the first term in w%*l p for the capacity-
constrained case (see Table 1). Therefore, if the above inequality is not satisfied, then wf,l p would not exceed
cy and the national brand would not participate. Thus, we have established that wj((;f[ p > w%*?) pn- As shown

in the analysis of the 3P% configuration (in Appendix C.3), wN p = wg 3ps- Thus, w]((}TIP = w  ps >

cr

wy 5p~ - This completes the proof. |

Given the above, we consider the relationship between w]((}?) p~ and wfn p. If the store-brand factory has
a binding capacity constraint under 3PV with the third-party charging a mark-up over production cost, then
the store-brand factory faces even tighter capacity restrictions in the absence of a wholesale mark-up. To com-
pensate, the retailer has to pass on a high opportunity cost of capacity to customers to drive down demand.
Facing little competition, the national brand could charge a high wholesale price. With the introduction of
the third-party “middleman” under 8PV, the store-brand factory faces less problematic capacity restrictions,
which then forces the national brand to price more competitively under 3PN than under IP.

We now discuss why wf,, p= wf,*?) ps, which is a more subtle result. In Region 1, the store-brand factory
is operating at capacity under both 3P° and IP and the store-brand factory provides the same supply to
the market whether the factory is operated by the retailer or by a third party. In the IP configuration,
the national brand chooses his wholesale price so that the resultant demand for the store-brand product is
exactly equal to the factory’s capacity. Under 3P°, the eventual outcome is the same, but the third-party
manufacturer performs the capacity-clearing function (to ensure that his capacity constraint is not violated)
via his choice of wholesale price in response to the national brand’s wholesale price and in view of how the
retailer will choose retail prices. In both cases, the national brand uses his first-mover advantage to “push”
the store-brand factory to operate at full capacity. This turns out to be preferable for the national brand:
although he sells fewer units, he sells each unit at a higher margin, and the differential in the margin more
than compensates for the reduction in sales volume.

The same result as in Proposition A applies, with a similar rationale, when Kg is in Region 2, as stated
in the next proposition.

Proposition B For Kg in Region 2, where the store-brand factory is constrained under IP and 3P° but un-
constrained under 3PN, the national brand’s equilibrium wholesale prices satisfy w%ﬁpN < ch\',,*lp = ch\;gps.
Proof: At the leftmost boundary of Region 2, ch\};)PN < wj({,jlp = wz?/jsPS (by Proposition A). At the
rightmost boundary, the store-brand factory is unconstrained under both 3PN and 3P°. Algebraically we can
Yos + (Bs +7) (2o + yes)
5 > 0.5¢cn

A(Bn +7)(Bs +7) — 27
Using a similar argument to that in the proof of Proposition A, we note that the left hand side of the above
. . . . U* . . . . .
inequality is equal to the first term in wjy ,,s. Therefore, if the above inequality is not satisfied, then the

o, . U* U* .
show that the condition WY 3ps > Wy gpy CaN be written as

national brand would not participate. Thus, we have established that w%*s ps > w%*s pv in Region 3 (and at

the rightmost boundary of Region 2). The facts that in Region 2, w%*B pn 18 constant and w]((}*?) ps is linearly
decreasing in Kg complete the proof. |

Proposition C For Kg in Region 3, where the store-brand factory is constrained under I P but unconstrained

under 3PN and 3P%, the national brand’s equilibrium wholesale prices in the two outsourcing configurations
are such that w%*BPN < w%*3ps. Furthermore, the wholesale price under IP, w%jlp, may be larger, smaller,
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or in-between w%jSPN and w%jBPs, depending upon the capacity level of the store-brand factory.

Proof: See proof of Proposition B above. ]

Recall that the national brand’s wholesale price is the same under IP and 3P in Regions 1 and 2. At the
lower boundary of Region 3, the store-brand factory becomes unconstrained under $P°. Hence, the national
brand’s price becomes constant under 3P° while it continues to fall under IP because the store-brand factory
is still constrained under IP in this region. Thus, the relationship between these two curves is not surprising.
What is more interesting is that the price curve under IP crosses that of PV in this region. For smaller values
of K¢ within Region 3, the binding capacity of the store-brand factory under IP combined with the national
brand’s first-mover advantage enables the national brand to charge a high price despite the absence of double
marginalization on the store-brand product. On the other hand, as Kg increases, the national brand must be
more price-competitive due to greater supply of the store-brand product. Indeed, despite the national brand’s
first mover advantage under IP, when there is near-ample capacity at the store-brand factory, the national
brand cannot charge as much as he could have under 3PV. This occurs because in the latter scenario, the
national brand benefits from double marginalization on the store brand product, but such “protection” does
not exist when the retailer owns the factory.

Proposition D For Kg in Region 4, where the store-brand factory is unconstmmed under all supply chain
configurations, the national brand’s equilibrium wholesale prices are such that wN p <w{ apy < w% 3ps-

Proof: The proof is straightforward and is omitted.

Appendix F Proof of Results in Section 5
F.1 Proof of Lemma 1:

Proof of part (a): For Kg in Region 1, we can show that the first derivative of H%;}PN with respect to
Ky is strictly greater than zero, and the second derivative is non-negative. For Region 2, 3 and 4, where the
factory is unconstrained under 3PY, H*R 3p~ does not depend on Kg. Thus, the retailer’s profit function is
convex increasing in Kg for Region 1, and constant for Regions 2, 3, and 4.

Proof of part (b): The retailer’s profit in Regions 1, 2, and 3, under IP, is concave increasing in Kg. For
Kg in Region 4, the profit function is constant. To show there a jump discontinuity at K LIQP , we consider
H%TI p— Hgfl p (K w ), and show this difference is strictly greater than zero. The retailer’s profit function
under I P can be found in Table 1. We can show that the difference between the unconstrained profit and the
constrained profit at K, 1Y, p — G, p (K£F) > 0. Thus, we have a jump discontinuity at K 3" °.

Proof of part (c): For Kg in Regions 1 and 2, the retailer’s profit function is convex increasing in Kg. For
Region 3 and 4, where the factory is unconstrained under 3P%, H%; ps does not depend on K, and, therefore,
is constant. Thus, the retailer’s profit function is convex increasing in Kg for Region 1 and 2, and constant
for Regions 3 and 4. The discontinuity in the retailer’s functions at K gp ® arises because the retailer sells
more national brand product at a strictly higher margin, and sells the store-brand product at a sufficiently
higher margin to offset a decrease in store-brand product demand. In other words, the profits from selling
both products are strictly larger. The derivation details are omitted due to space considerations.

F.2 Proof of Proposition 1

We begin by showing that the retailer’s profit under 3PV exceeds his profits under IP at Kg = 0. At Kg =0,
the retailer’s profit under the IP and 3PV scenarios are, respectively:

[yas + (Bs + v)an — (BnBs + Buy + Bs Ven]”
16(Bs +v)(BnBs + By + Bs)

G pn (Ks =0) = (Bn +7)2(Bs +7) [yas + (Bs +7)an — (BnBs + Bny + Bsy)en]’ .

4[(BrBs + By + Bsv) (2(Bx +7)(Bs +7) = 72)°

(30)
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We note that

N o (Ks = 0) > (By +7)%(Bs +7) [yas + (Bs + V)an — (BnBs + By + Bsy)en]”
| 4[(BrBs + By + Bs7) (2(Bx +7)(Bs +7))7]

> H%,*IP(KS =0)

R

Thus, at Kg = 0, the retailer’s profit under 3PN exceeds that under IP. Because II* 4pN 18 convex increasing
in Kg, and II}; ;p is concave increasing in Region 1, the two functions cross at most twice in Region 1.

F.3 Proof of Corollary 1

In Region 2, the retailer’s profit under 3PV is constant, and is increasing under IP. Thus, they may cross at

most once in Region 2. If the retailer is better off under 3PV at K3” N, then the retailer will be better off for
some Kg-interval in Region 2.

$22,000
Retailer's Profit Under IP and Nash Configurations I
$20,000 (y=0.25 (low) and = 0.95(high)) ’_,’
18,000 | e
518, /
$16,000 - 1P:y=0.25
z (low)
s‘é $14,000
[-%
& 512,000
]
&
10,000 -
$ —Nash:y=0.25
$8,000 - —-=IP:y=0.25
-~ IP:y=0.95
$6,000 -
——Nash:y =0.95
$4,000

0 5 10 15 20 25 30 35 40 45 50
Third Party Supplier Capacity, K

Figure 8: Equilibrium configurations under IP, 3PV, and 3P° as a function of Kg.

F.4 The Effect of Substitutability on the Retailer’s Profits

We consider an example with ay = 100, ag = 50, cy = ¢g = 1, 8 = 0.15, two degrees of substitutability:
v =0.25 (low) and v = 0.95 (high). In Figure 8, we show the retailer’s profit as a function of Kg for the two
values of v under both the IP and 3P configurations. For the high value of v, we observe, as expected, that
the retailer prefers the Nash configuration over a broad range of Kg values. For the low value of -, we observe
that the retailer prefers the Nash configuration over a smaller range of Kg values. Yet, the resulting market
share for the store brand product (with v = 0.25) is close to 25%, which is consistent with market shares
observed in grocery retailing (Geller (2011)). Although the retailer achieves higher profit when ~ is high, low
substitutability does not preclude the retailer from benefiting from the sale of its store-brand factory. This is
because even for low ~ values, the effect of competition can dominate the effect of double-marginalization.
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Appendix G Results Regarding National Brand’s Profits

G.1 Proof of Lemma 2

Recall that the national brand’s profits under the I P configuration are given in Table 1. The first and second
derivatives of II* 5 yp with respect to Kg are:

OIly ,p Y[=(Bs +v)an + (BnBs + By + Bsy)en — v(as — 2Kg)] <0 for Ks € [0, KLP]
K. 2(8s +7)(BNBs + By + Bs7) s
S 0 for Kg € [KLF, 00)
01y s p ik >0 for Kg € [0,KLP
Kz (Bs +7)(BNBs + Bny + Bsv) T
s 0 for Kg € [KLP, 00)

Substituting the expression for KLF in H*g, 1p, we find that all the terms not in the square root cancel, and
we are left with

[ (ﬁS"!"Y)(BNﬁS"FﬁN'Y"FﬂS'Y)(QN_(BN+’Y)CN+“/CS)2:| ?

.C Br+7) (an — (Bn +7)en +7¢s)?
II N,IP(KéP) = Y =

8(Bs +7)(BnBs + Bny + Bs) 8(Bn +7)

U
=1I N,IP(KéP)

The above results imply that the national brand’s profit function under the I P configuration is continuous,
convex decreasing in Kg, Kg € [0, K], and constant for Kg > KL

For the 3P° configuration, we showed in Section 3.2.2 that H*%73PS = H*%JP for Kg € |0, Kgps}. Thus, by
the preceding analysis, we know the national brand’s profit is convex decreasing in Kg for Kg € [0, K gp S],
and constant for Kg > Kgps. The national brand’s profit, given by (25), is:

(85 + Mo+ (as — 2K37°) = (BuBs + By + Bsvlen|
8(Bs +7)(BNBs + Bny + Bsv)

* S
HCN,BPS (KS = Kgp ) =

—_ _ U* s 3PS
6 (Bs + N CBx +2)(Bs +2) =) W 5vaps (K37)

1 [ [2(Bs +7)an +v(as + (Bs +7)cs) — (2(By +7)(Bs +7) — 72)01\1]2
which is a constant. Thus, in summary, the national brand’s profit function under the 3P° configuration is
continuous, convex decreasing in Kg, Kg € [0, Kgps], and constant for Kg > Kgps.

The national brand supplier’s profit functions under the 3PN configuration are given by (19) and (21) in
the unconstrained and constrained cases, respectively. The first and second derivatives of (19) and (21) with
respect to Kg are:

AT, 2v(Bn +7)[=(Bs + v)an + (BnBs + BnY + ﬁgY)CN —Y(as — 2K5s)] <0, K€ [0, K3
ke T 2(8x +7)(Bs +7) — 7] N
s 0, Kg € [K3P"  0)
2
OITy WONEN g gor K e [0, K37
K2 2(Bn +7)(Bs +7) —?] N
S 0 for Kg € [K3F™ | 00)

Although it is algebraically messy, it is straightforward to show that ch\,)?)PN (KgPN) = HU}k\])SPN (KgPN).

Hence, the national brand’s profit function under the 3PV configuration is continuous, convex decreasing in
N N

Kg, Ks € [0, K], and constant for Kg > K3F' .
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G.2 Proof of Lemma 3

We now compare the national brand’s profits under different configurations, region by region.

We first prove that for Kg in Region 1 (i.e., Kg € [0, K3PN]) Iy spv <IIy 3ps = Iy ;p. In Section 3.2.3,
we showed that HN p= HN 4ps in Region 1 Thus, we only need to show that I3, Napy < HN 3ps in Region 1,
which we establish next.The national brand’s profits under the Nash and Stackelberg settlngs in Region 1 are
given by (21) and (27), respectively. Dividing (27) by (21), we have

Y sps [2(Bn +7)(Bs +7) — 7] ?

My spy 4By +7)(Bs + ) [(By +7)(Bs +7) =] =1

Thus, Iy ;py < Iy 3pg = Iy p for all Kg in Region 1.

We now prove that for Kg in Region 2 (i.e., Kg € [KgPN,KgPS]), Y spv <My 3ps = Hy ;p- In Lemma
4, we established that Il ;py is constant in Region 2. In Section 3.2 3 we showed that Uy sps = Iy p
and in Lemma 4, we showed that these functions are decreasing in Region 2. Thus, to show that I}, ,pn <
Iy 3ps = Iy ;p in Region 2, we only need to show that ITy ;py < Iy ;p at Kgps, the rightmost boundary
of Reg10n 2, which we establish next.

W(KEPT) = By +7)-Ch _ By +7(Bs +7) -G
war 2[4(8n +7)(Bs +7) =1 2(Bs +7) [4(Bn +7)(Bs +7) — 2
01 Cl

_ 3pS
4(Bs +7) [BnBs + By + Bs7] = 16(Bs +7) [BnBs + By + Bs] Hrp(Ks™)

where C; = has + (Bs +7) 2an + vyes] — [2(5N +7)(Bs +7) — 72] CN}Q'

We now prove: For Kg in Region 3 (i.e., Kg € [KgPS,Kép]), Y spn <y gps and Iy 1p <11} 5ps. We

have already shown that at Kgp B (the leftmost boundary of Region 3), the national brand’s profit under IP
equals his profit under 3P°, which exceeds his profit under 3PY. Because the national brand’s profits under
both 3PV and 3P° are constant in Region 3, it follows that for Kg in Region 3 (i.e., Kg € [KgPS,ngPD,
Iy 5 pn < Iy 3ps- Finally, because the national brand’s profit under I P is decreasing in Region 3, and the

proﬁt under 3PS is constant, it must be the case that Iy ;p < Il 555 in Region 3.

We now show that for Kg in Region 4 (i.e., Kg € [KLF, o0]), Iy p < My spn < 1Ty 3ps. We first prove
that 1Ty ;p < I} ;ps. Because the national brand’s profit under /P was shown above to be less or equal to
his profit under S’PS (a constant) at the left boundary of Region 3, and his profit under IP is decreasing in
Region 3 while his profit under 3P° is constant, it must be the case that in Region 4, it remains less than his
profit under 3P°. We next show that Iy ;p <11y 3pv. We can write 1Ty ; p as:

(B +7) [(Bs +7)[2an + 2vcs] = [2(By +7)(Bs + 7)) en]”
2[4(Bx +7)(Bs + 7))
(Bx +7) [(Bs + 7)[2an + 2ves] — [2(8n +7)(Bs +7)] en]” _ [[UpperBound

) 2[4(Bn +7)(Bs + ) —2)? N,IP (32)

*
Oy p =

UpperBound .
where TI"757*"" is an upper bound on IT}y ;p.

2 —[2 — 7 en]?
Recall that Ty spv* — (Bn +7) [yas + (Bs +7)[2an +ves] — [2(Bn +7)(Bs +7) —7?] en] . Dividing

2[4(8n +7)(Bs +7) —7%°

Iy 3p~ by (32), we obtain

My spn” _ [yas + (Bs + 7)[2an + ves] — [2(By +7)(Bs +7) — 7] CN]2 -
Ipp oo [(Bs +)[2an +2yes] — 285 +7)(Bs + ] en]” T
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The inequality follows from the fact that the difference between the numerator and denominator is non-
negative, i.e., [yas + (Bs +7)[2an +ves] — [2(Bn +7)(Bs +7) — 72] en| —

[(Bs +7)[2an + 2ves] = [2(Bn +7)(Bs + )] en] = v[as — (Bs +7)es +ven] =vDs(en,es) >0 (33)

Upper Bound < II*

Thus, we have shown that Iy ;p <IIy7p ~apn in Region 4.

Appendix H Proof of Lemma 4

It is straightforward to compare the demand expressions given in Tables 1, 2, and the demand expressions in
Appendix C at Kg = 0 and at the various Kg thresholds to establish the claims in Lemma 4. The expressions
for D%IP and D%JP can be found in Table 1. Table 2 contains the expressions for D,y and DY ;on.

Lastly, the expressions for D]C\j,*3 ps and D%S ps are shown in Appendix C.

For Region 1, we must show that DN p= D]C\;*BPS < DN ap~- Region 1’s leftmost boundary is Ks = 0.
Recall from Tables 1 and 3 that D N, 1 p= D]C\’;*g ps> whereby we only need to establish the inequality between
Df, aps and D¢ N.3PN- Both demands are linearly decreasing in Kg (cf. Tables 1 and 3). Hence, we need only
show that their values at the boundaries of Region 1 have the stated relationship. Substituting Kg = 0 into

the expression for DN7 p= Dg 3ps» through simple algebraic manipulations we find that

(Bs +7)an — (BnBs + Bny + Bsy)en + yas
4(Bs +7)
(BN + ) (Bs + v)an — (BnBs + B — Ny + Bsy)en +y(as — 2Ks)]

= 212(Bn +7)(Bs +7) — 7] = Diapn 0)

DJ(\jfTIP(O) =

Substituting K3F " into the expression for D](\j,jl p, We obtain

2(Bn +7)(Bs +7) =) [2(Bs + v)an +vlas + (Bs + )] — 2(By +7)(Bs +7) —¥?]en]

3PNy
Dy, p(EET) = 4(Bs +7)4(BN +7)(Bs +7) — ]

(Bn +7) [2(Bs +v)an +vlas + (Bs + )] — 2By +7)(Bs +7) — ¥?]en]

= 24Py +1)(Bs +7) — 7]

= DSy pn (KEPY)

Thus, we have shown that DN p= DN aps < Dg*?)PN in Region 1.

In Region 2, we require D]C\}jIP = Dg*:sPS < D%*BPN' At Region 2’s leftmost boundary (Kg = Kf;’PN), we have
Df,jlp = D%;PS < Dg}PN = D%*BPN. The national brand’s demand under the 3PV, D%;Pm
in Kg in Region 2, while the national brand’s demand under 3P° and IP continues to decrease in Kg. This

implies that DJ((;:}P = D](’C,Z))Ps < D%;PN in Region 2.

is constant

In Region 3, we require that DN p < DN sps < DY N and

D% 3ps (see Tables 2 and 3 for the expressions, both of which are constants) reveals that DY

3pS
N, 3PN For Kg > K3" , adirect comparlson of DN 3p

N, 3PS < Dy N, 3PN
because the two expresswns share the same numerator, but the numerator for DY ~N.3ps 18 larger. We now turn

to a comparison of Df; 1 p and DY N.3ps- At the leftmost boundary in Region 3 (Ks = K 3 %), we have

C* (3PS 2((Bn +7)(Bs +7) =% 2(Bs +v)an +vlas + (Bs +7)] — 208 +7)(Bs +7) —?len
DN IP(K )

2(BN +7)(Bs +v) — 2 8(Bs + )
<1 :DI[\J:SPS

Thus, Df,*l p < D%*S ps at the leftmost boundary in Region 3. Combining this result with the facts that

Df, ;p is decreasing in Kg in Region 3 while DN aps is constant, we have that DN p < DY < DY

NSPS N, 3PN
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in Region 3.

an — (By +7)en + yes

Finally, in Region 4, for Kg > K", we have DY p = 7 . Multiplying both the
numerator and denominator by 2(Bs + ), the expression becomes [2(BS+7)O‘N+2(’BSE&ZTV_)%BN'M)(’BS'M)CN],

which is less than or equal to D%*?)Ps (cf. Table 3). Together with the fact that D%*SPS < D%*SPN for

s * * * . .
Kg > Kgp , we have that D%’IP < D%?)PS < D]l\], 3p~ in Region 4.

Appendix I Third-Party Supplier Profits

In this appendix, we show that the third-party supplier prefers (profit-wise) that the national-brand supplier
is the Stackelberg leader for Kg in Regions 1, 3, and 4. We conjecture that the result also holds in Region 2,
although we have not been able to prove it because of the complicated form of K gP . We have observed
through numerous simulations that Region 2 covers a very narrow range of capacity levels (e.g., K gp * s only
a few percent larger than K3¥ N) and we have been unable to generate a counterexample to our conjecture.

The store-brand supplier’s profits under the third party production configurations (3P,3P%) for both
the unconstrained and constrained equilibrium settings are given below:

HU* . = (65’"”7) [’YQN+(/BN+’Y)(QO¢S+’}/CN)—(Z(ﬁN+,Y)(BS+,Y)_,YQ) CS]Q
- 2[4(Bn +7)(Bs +v) — 121

[van + (B +7) [2as +ven — 4Ks] = (2(6n +7)(Bs +7) =) es] Ks

o
s = 28w +2)(Bs +7) — P
[27(Bs +v)an + (4(Bn +7)(Bs +7) — ) as
o = +(2(By +7)(Bs +7) —7%) vew — (Bs + 1 ABx +7)(Bs +7) — 39)es]”
= 2(Bs + ) [2(Bn +7)(Bs +7) — 2
[v(Bs + v)an + 26BN +7)(Bs +7) — 7)) (as — 2Ks)
ng,,. — +((By +7)(Bs +7) — ) (ven — 2(Bs +7)es)| Ks

2(Bs + MN((By +7)(Bs +7) —?)

To show that the third-party supplier always prefers the 3P to the 3PV configuration in Regions 1, 3, and
4, we compare the applicable profits in each Kg region.

In Region 1, the store-brand factory has a binding capacity constraint under both 3P° and 3PYN. We can
write 1S, s — IS

5,3Ps 5,3pnN Aas:
c* o 7Ks-[(Bs +v)an +y(as —2Ks) — ((Bn +7)(Bs +7) —7°) en]
Hgsps —Ilg3pn = >0

2(B8s + ) [(Bn +7)(Bs +7) =71 [2(Bn +7)(Bs +7) — 1]

This follows from (29), where we show the bracketed term in the numerator is positive.

We next compare the third-party supplier’s profits in Regions 3 and 4, where the capacity constraint is not
binding under either 3PS5 or 3PN. The difference Hg;PS — Hg;PN can be written as:

Y- [(v* + Bsy)es — (VP + 2857 + 2BsBn + 278w )en + (2 + 2Bs)an + yas] -
(8(BN +7)(Bs +7) —7?) [2(Bs + M)van + (4(By +7)(Bs +7) — V) as+
(2(Bn +7)(Bs +7) —¥*)ven — (Bs +7) 4By +7)(Bs +7) — 37?)cs]
—47*((Bs +v)van + (Bn +7)(Bs + 1)as — (Bs +7)((By +7)(Bs +7) —7*)es)

s

Hg 3PS HggpN = 2 2
’ ’ 32(Bs +7) [2(Bn +7)(Bs +7) =" [4(Bn +7)(Bs +7) — 7]

which we can show is decreasing in ¢;. In Appendix D.1, we showed that (28) is an upper bound on c;.
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Substituting this upper bound into the above expression, we obtain a lower bound on the profit difference:
2
7° [yas + By +v)an = ((By +7)(Bs +7) = 7%) en]
2(8s +7) 48N +7)(Bs +7) =N 48BN +7)(Bs +7) = 3]*

Thus, the third-party supplier always prefers that the national brand is the Stackelberg leader for Kg in
Regions 1, 3, and 4.

U* U*
Hgsps — g 3pn
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