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In this paper, we show that it can be profitable for a multi-product retailer to opt for
a decentralized organization which means that the retailer does not internalize cross-
product price elasticities. A monopolist retailer handling multiple products typically
benefits from centralizing its pricing decisions for product sales. However, we show
that this result can be reversed when the retailer bargains with suppliers and competes
with other retailers. Results depend crucially on product substitution or complemen-
tarity, the degree of retail competition, and the retailer’s bargaining power. Decentral-
ization reduces retail competition when products are complements and exacerbates it
when products are substitutes. When retailers have low bargaining power, they may
have an interest to opt for a decentralized organization to strengthen their bargaining
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1 Introduction

Retailers sell multiple products whose demands are interdependent. They must therefore
decide whether to centralize decisions at the firm level or decentralize them by delegating
authority to product categories and divisions. From a standard monopoly-pricing per-
spective, centralization should dominate. It allows the retailer to internalize cannibaliza-
tion when products are substitutes, and to internalize positive demand spillovers when
products are complements. A decentralized organization that neglects demand interde-
pendencies therefore appears inefficient. Yet retail decisions are often organized by prod-
uct categories, with category managers focusing on the performance of their own product
lines. Existing explanations for decentralized decision-making emphasize informational
frictions, incentive problems, and limits to internal coordination (see, e.g., Gibbons, Ma-
touschek and Roberts, 2013; Garicano and Rayo, 2016) for surveys). This paper asks a dif-
ferent question: can decentralization be valuable for strategic-interaction motives? We
show that it can, because organizational design alters the retailer’s interactions with both
competitors and suppliers. In downstream markets, decentralization can serve as a com-
mitment device, altering the intensity of price competition. In upstream negotiations, it
can strengthen the retailer’s bargaining position by reducing each supplier’s marginal con-
tribution to the retailer’s profit.

We study this question in a model of vertical relationships where multi-product re-
tailer(s) purchase(s) input from suppliers. The sequence of decisions is as follows. Retail-
ers first decide whether to adopt a centralized or decentralized organizational structure.
They then bargain bilaterally and simultaneously with upstream suppliers over two-part
tariffs, before finally setting retail prices. The organizational choice determines how prod-
uct divisions behave. Under centralization, divisions coordinate their decisions to maxi-
mize total firm profit. Under decentralization, each division focuses on its own incremen-
tal contribution to firm profit, without internalizing the effects of its pricing decisions on
other divisions. As a result, organizational design affects both retail pricing and upstream
bargaining. It changes pricing incentives because cross-product demand externalities are
internalized only under centralization, and it changes surplus division because each sup-
plier’s marginal contribution depends on the surplus generated by the product it supplies.

The retailer’s organizational choice depends on three key dimensions: its bargaining

weight vis-a-vis suppliers, the degree of substitution or complementarity between prod-



ucts, and the intensity of retail substitution. Our analysis disentangles these forces in three
steps, distinguishing throughout between substitutes and complements.

We first consider a downstream monopolist in order to isolate the bargaining effect
of decentralization. Absent downstream competition, centralization maximizes industry
profit by internalizing cross-product demand externalities. However, once upstream bar-
gaining is introduced, decentralization can become privately optimal for the retailer. By
reducing each supplier’s incremental contribution to the retailer’s profit, decentralization
thus weakens suppliers’ ability to extract surplus, so retailers with sufficiently low bargain-
ing weight may prefer decentralization despite its inefficiency in terms of joint profit.

We then abstract from vertical relations and introduce retail competition in order to
isolate the strategic-commitment effect of organizational choice. When products are sub-
stitutes, centralization both improves internal pricing efficiency and commits the retailer
to softer price competition, making it the unique equilibrium. By contrast, when products
are complements, decentralization commits the retailer to higher prices and may soften
rivals’ behavior. When retail substitution is sufficiently strong, this commitment effect
dominates the internal inefficiency generated by decentralization, so decentralization can
arise and even become the unique equilibrium.

Finally, we combine upstream bargaining and downstream competition. The key in-
sight is that retail competition modifies the bargaining effect identified in the monopoly
case, because now either decentralization or centralization may improve the retailer’s bar-
gaining position. When products are substitutes, centralization always increases indus-
try profits and softens downstream competition, and we show that, in the linear demand
case, decentralization still always weakens suppliers’ ability to extract surplus. Like in the
monopoly case, organizational choice is therefore governed by a trade-off between the
bargaining advantage of decentralization and the profit-preserving effect of centralization.
Under linear demand, this generates a clear ranking in terms of bargaining power: cen-
tralization is sustained when retailers have sufficiently strong bargaining power, decen-
tralization arises when their bargaining power is sufficiently weak, and the two symmetric
equilibria may coexist for intermediate values. Moreover, stronger retail substitution shifts
the balance toward centralization, because preserving industry profits becomes more im-
portant when downstream competition intensifies. When products are complements, the
interaction is more subtle. When decentralization dominates centralization because of the

commitment effect, it may also reverse the bargaining effect. Centralization may now limit



the supplier’s marginal contribution to retailers’ profits. Under linear demand, when retail
competition is weak or moderate, the equilibrium organization still depends on the bal-
ance between the internal efficiency gain from centralization, the bargaining leverage cre-
ated by decentralization, and the commitment value of softer downstream pricing. When
retail substitution becomes sufficiently strong, this last force dominates: decentralization
becomes the unique equilibrium for all levels of bargaining power, even though its bar-
gaining advantage reverses.

Our paper first relates to the literature studying the determinants of centralized and
decentralized decision-making within firms. A broad empirical literature documents that
firms often depart from fully centralized decision-making because of local information,
managerial constraints, organizational frictions, or interactions across internal units (Aguir-
regabiria and Guiton, 2022; DellaVigna and Gentzkow, 2019; Thomas, 2011; Hortagsu et al.,
2024). On the theoretical side, existing work typically frames the allocation of authority as
a trade-off between adaptation by local or specialized units and coordination across in-
terdependent decisions (Cachon and Kok, 2007; Alonso, Dessein and Matouschek, 2008,
2015). Our paper differs from this literature by abstracting from informational frictions
and managerial heterogeneity. We instead study decentralization as a strategic organiza-
tional choice: even when centralized decision-making is feasible and internally efficient,
aretailer may prefer decentralization because it changes its interaction with suppliers and
competitors.

The mechanism we emphasize is closer to the literature on strategic delegation. In
this literature, firms choose organizational or incentive structures before competing in the
product market, and these choices affect equilibrium behavior by changing the objectives
of the agents who make subsequent decisions (Vickers, 1985; Sklivas, 1987). Relatedly, in
retail settings, pricing or ownership structures may serve as commitment devices: uni-
form pricing can soften competition across local markets, and separation among sellers of
complementary goods may be privately valuable when integration would intensify com-
petition (Dobson and Waterson, 2005; Beggs, 1994). Our paper builds on this strategic-
commitment logic, but extends it to vertical relationships. Organizational design does not
only affect downstream pricing incentives and rivals’ responses; it also changes the sur-
plus that suppliers can claim in upstream negotiations. Decentralization may therefore be
chosen not only because it commits the retailer to a particular behavior in product-market

competition, but also because it modifies each supplier’s marginal contribution and hence



the retailer’s bargaining position. This interaction between downstream strategic commit-
ment and upstream bargaining is the main mechanism we add to the strategic delegation
literature.

The closest paper to ours is Johansen and Nilssen (2016), who study whether single-
product retailers have incentives to merge into a big multiproduct store when consumers
value one-stop shopping. As in our paper, retail organization affects both downstream
competition and upstream bargaining. The difference is that their organizational choice
is a change in retail format and market structure: independent stores merge and become
a large multiproduct retailer. In our model, retailers are already multiproduct, and the or-
ganizational choice concerns the internal allocation of decision-making authority across
product divisions. This distinction leads to a different bargaining mechanism. In Johansen
and Nilssen (2016), the bargaining benefit of a big store comes from the inside option cre-
ated by carrying several products. In our paper, decentralization affects bargaining by
changing how each supplier’s marginal contribution is evaluated within the retailer. We
therefore show that organizational design can shape upstream surplus sharing even with-
out mergers, changes in store format, or changes in assortment. This also allows us to
analyze how the bargaining effect of organizational design interacts with its downstream

commitment effect under retail competition.

Our paper also relates more generally to the industrial organization literature on verti-
cal contracting with bargaining and buyer power in bilateral oligopoly, following the sem-
inal paper of Horn and Wolinsky (1988). This literature examines how surplus is divided
between upstream suppliers and downstream retailers, and how bargaining outcomes de-
pend on market structure!, outside options (Ho and Lee, 2017; Chambolle and Molina,
2023), and retailer size (Chipty and Snyder, 1999). Our contribution is to identify internal
organization as a distinct source of bargaining power. In our model, decentralization may
limit each supplier’s marginal contribution, thereby improving the position of retailers in
their bargaining, even while holding the retailer’s size, assortment, and market structure

fixed.

The rest of the paper is organized as follows. Section 2 considers a downstream mo-

!See, for instance, Horn and Wolinsky (1988) for upstream and downstream mergers, and (Inderst and
Shaffer, 2007; Caprice and Rey, 2015; Allain, Avignon and Chambolle, 2020) for buying groups.



nopolist and isolates the bargaining effect of decentralization. Section 3 abstracts from up-
stream bargaining and studies how organizational choices affect downstream retail com-
petition. Section 4 combines the two dimensions and analyzes how bargaining and retail
competition jointly determine retailers’ organizational choices. Section 5 extends the mo-
nopolist retailer analysis to the case of more than two suppliers. Proofs and additional

derivations are collected in the Appendix.

2 (De)centralization and bargaining

2.1 The setting

We consider two symmetric manufacturers, U4 and Up, that produce two imperfectly sub-
stitutable (respectively, complementary) products with constant marginal cost 7. A mo-
nopolistic retailer R procures the goods from U4 and Up and sells them to final consumers
at prices p4 and pp. The retailer incurs no distribution costs beyond the wholesale tar-
iffs to manufacturers. Let the integrated (vertical-chain) profit associated with product
k € {A, B} be i (px,p—x) = (px — v)Dr(pr, p—1), where Dy (px, p—r) denotes the demand
for product k. We assume standard downward-sloping demand, % < 0. Finally,

Dy (pg, o0) is the demand for product k£ when it is the only product offered to consumers.

We impose the following assumptions on the demand system.

Assumption 1 Fork € {A, B}, the demand function Dy, (py, p—i) satisfies:

ODy (Pk,P—k)

(i) Products are complements if Fp_

0Dy (pr,P—1)
Op_k

< 0, whereas products are substitutes if

> 0;

0Dy (pr,P—1)

0Dy (pr,P—1)
Op_x, ’

Opy.

(ii) cross-price effects are dominated by own-price effects: ‘

<|

We also make the following regularity assumptions on the profit functions:

Assumption 2 Fork € { A, B}, the profit function satisfies:

Uy (pr,P—k)

(i) Prices are strategic substitutes, Tpe0p 1

< 0, when products are complements,

9y (pr,p—k)

whereas prices are strategic complements, = 5=

> 0, when products are sub-

stitutes.



(ii) In both cases, we assume that the price equilibrium is locally stable.?

Assumption 2(i) imposes a standard monotonicity condition on pricing incentives.

. 921, _ 8D 92D . .
Since 57 5k = 575 +(0k—7) 35,0, » the sign of the profit cross-partial need not mechan-

ically coincide with the sign of the demand cross-price effect. The assumption requires
that demand curvature does not overturn the usual strategic-pricing intuition: prices are
strategic complements for substitutes and strategic substitutes for complements. Assump-
tion 2(ii) is a local regularity condition ensuring that the relevant price equilibrium is lo-
cally stable and unique.

Assumptions 1 and 2 are satisfied by many standard demand specifications and in
particular for the linear demand system a la Shubik and Levitan (1980), which we use as a

benchmark throughout the paper.?

In this section, we examine how retailer R’s decision to centralize or decentralize its
organization interacts with its bargaining with suppliers U4 and Up. Let s € {c,d} denote
the retailer’s organizational regime, where ¢ corresponds to centralization and d to decen-

tralization. The timing of the game is as follows:

 Stage 1 (organizational choice): The retailer chooses whether decision-making is

centralized or decentralized. This choice is publicly observed.

¢ Stage 2 (bargaining): The retailer and each supplier simultaneously negotiate a two-

part tariff contracts.
e Stage 3 (retail pricing): The retailer set retail price.

To illustrate the organizational choice made in Stage 1, suppose that each product is
managed by a distinct product division, denoted R4 and Rp. Under centralization, prod-
uct divisions are coordinated and their decision are evaluated according to total retailer
profit. Hence, cross-product pricing externalities are internalized. Under decentraliza-

tion, by contrast, each division is assigned responsibility for the incremental contribution

Formally, for any relevant profit objective ®, corresponding either to the per-product profit II; or to

the multiproduct profit II, + II;, the Jacobian of the first-order conditions satisfies Ag = 802:;’* 85523
A B
%9 2%e s 9%,
Braoos Bopons > 0, with @Pik <0 fork € {A, B}.
3In Shubik and Levitan (1980), a representative consumer maximizes its indirect utility U(qa, ¢g) — paga —
ppqs where the utility function is defined as U(qa, g8) = ga + g5 — 3(¢% + ¢%) — agags with 0 < a < 1 when
products are substitutes and —1 < a < 0, when products are complements.




of its own product to the retailer’s profit. This contribution is evaluated within the divi-
sion’s scope of responsibility: each division treats the other division’s continuation values
as given. As a result, it does not internalize the marginal effect of its decisions on the profit
generated by the other product. This principle applies at both the bargaining and pricing
stages. In stage 2, for both products k¥ = A, B, the retailer sends division R; to bargain
with supplier U over a two-part tariff comprising a wholesale price w;, and a fixed fee Fj.
When retailers adopt a centralized organization, the common agency literature has shown
that bilateral efficiency (i.e., cost-based wholesale contracts, w; = ~) always prevails (e.g.,
Bernheim and Whinston, 1985; O’Brien and Shaffer, 2005). When the retailer uses a de-
centralized organization, we show in Appendix 6.1.1 that this cost-based result still holds.*
Given that products are sold at marginal cost (normalized to ~) in equilibrium, we simplify
Stage 2 throughout our article by considering that each pair R — U; bargains over a fixed
fee F; to allocate the surplus generated by the vertical relationship. In stage 3, retail prices
are set according to the same organizational principle. Under centralization, prices p4 and
pp are chosen to maximize the total retailer profit. Under decentralization, each division
Ry chooses p;, to maximize the profit generated by product k, taking the other product’s
price and profit as given. We denote by « the retailer’s bargaining power parameter. The
superscript s indicates that the corresponding equilibrium outcomes arise when sales of

R are governed by organizational strategy s. We solve the game backward.

2.2 Retail Pricing

Decentralized Letp = (p4,pp) denote the vector of prices. An equilibrium price vector

p? = (p%, p%) satisfies, for each k € A, B:

pi € argmax (pp — ) Dy (pf,p* ;) fork = A, B
Pk

More precisely, the following FOCs for each k = {A, B}

oD, (p?
Dy (p®) + (pff — v);p(:) =0 (d-FOC)

define a couple of internal reaction functions denoted r¢(p_) for each k = {A, B} which

“Since division R}, treats the continuation values of the other division as fixed, the linear wholesale price
affects only the marginal surplus generated by product k. The efficient linear term is therefore w, = ~. The
fixed fee then splits the incremental contribution assigned to supplier Uy.



intersect in p? = (pii, pjé). Our regularity assumptions ensure the existence and unique-
ness of the optimal price vector p?. We denote the industry profit when the retailer opts

for a decentralized strategy by IT¢ = Y II,.(p?).
ke{A,B}

Centralized Under centralized pricing, the retailer chooses the price vector p¢ = (p%, p%)

to maximize total industry profit. Hence, p° solves:

p¢ € argmax I14(p) + g (p)
P

More precisely, the following FOCs for k = {A, B}

D) + (5 — ) o 4y — )

0D _j(p)
Opy,

Cross-product externality

=0 (c-FOQ)

These two first-order conditions implicitly define a pair of centralized pricing schedules,
denoted by r{(p_x), for £ € A, B. The centralized optimal price vector p® = (p%,p%) is
characterized by the intersection of these two schedules, that is, p; = 7 (p® ) fork € A, B.
Again, our regularity conditions ensure the existence and uniqueness of the optimal price
vector p°.

We denote the equilibrium profit of the industry when the retailer sells the two goods
in the centralization case by II* = >~ T (p°).

ke{A,B}
We now compare (c-FOC) and (d-FOC) and obtain the following lemma:

Lemma 1 (Effect of centralization on retail prices) Suppose Assumptions 1 and 2 hold, then:

(a) If products are substitutes, equilibrium prices under centralization are strictly higher

than under decentralization:
Dy > pﬁ fork € {A, B}.

(b) If products are complements, equilibrium prices under centralization are strictly lower

than under decentralization:
5 <pl forke{A B}

Proof. See appendix 6.1.3 m



The insight is the following. When products are substitutes, they tend to cannibal-
ize one another, which under centralized decision-making leads the firm to increase both
prices in order to mitigate this cannibalization effect. By contrast, when products are com-
plements, centralization induces the firm to lower both prices so as to strengthen the com-

plementarity between them.

Single product When R sells only product k, the decision to centralize or not does not

affect the pricing decision. In that case, we denote

Pr € argmax (px — v) Dy (pk, 00)
Pk

Equilibrium price py, is given by the following FOCs:

=0
Op

Dy, (pr, 00) + (px — )

We denote I = (p;, — ) D(p, 0o) the equilibrium profit when it sells only one product. 5

Comparing these equilibrium profits, we obtain the following lemma:

Lemma 2 (( Multi-product Monopoly)) Industry profitis higher under centralization than
under decentralization: TI° > T1¢ regardless of whether products are substitutes or comple-

ments.

Centralization allows the multi-product monopolist to internalize cross-product ex-

ternalities, thereby raising industry profits.

2.3 Bargaining

We formalize the bargaining between the supplier and the retailer using the concept of
Nash-in-Nash Bargaining with an exit option (see de Corniéere and Taylor (2024)). This
concept extends the classical Nash-in-Nash bargaining, imposing that the retailer cannot
be worse off than if it refused all negotiations. This additional constraint, added to the
Nash-in-Nash bargaining, is required because we consider the possibility that products

are complements. In this case, the sum of the bilateral contributions that suppliers can

>Note that there is no product superscript given the symmetry among products.

10



claim may exceed total industry profit, potentially leaving the retailer with a negative pay-
off under unconstrained Nash-in-Nash bargaining.
Formally, the Nash bargaining problem with an exit option between supplier U;, and

retailer R is thus the following:

HIIJ%X (HS —Fp - F2) — (ﬂ - ij)>a (Fik)(l_a)
k

SIS — Ff — F5, >0

When the participation constraint of the retailer is not binding, the first order condition

simplifies to:

aFf =(1—a)(° - F; —1I)

A

& F=(1-a)I -1

When the retailer’s participation constraint is binding, suppliers are constrained to reduce
the sum of their fees to prevent the retailer from opting for exit, which would bring them
a null profit. There is thus a multiplicity of equilibria such that £}’ + F;> = II°, all of which
leave the retailer just indifferent between accepting and opting for exit. Equilibrium profits

captured by firms in the bargaining stage are thus:

75 = Min[(1 — a)(II° — II),II° — F*,] W
1

mh = Max[II° — 2(1 — «)(II° — 1I), 0]
Analyzing the equilibrium profit of R in (1), we obtain the following remark:

Remark 1 When products are substitutes (resp. complements), the equilibrium profit when
the two products are sold jointly is lower (resp. higher) than twice the equilibrium profit

from selling a single product in isolation: ¥V s € {c,d}, II* < 2II (resp. II* > 2II). When

products are complements, the retailer’s threat of exit is credible when o < a° = 21(11;;2%) < 3.

When products are substitutes, the retailer’s threat is not credible.

Regardless of the organizational choice, when products are substitutes, adding one prod-
uct reduces the demand for the other (cannibalization), so each product is less profitable

when offered jointly than when sold in isolation. When products are complements, the

11



opposite occurs: selling one product increases the demand for the other, generating pos-
itive cross-product spillovers. Then, each product is more profitable when offered jointly
than when sold in isolation.

When products are complements, each supplier’s agreement yields a large incremen-
tal gain by creating demand complementarity. As a result, suppliers can extract a large
share of the surplus, and when the retailer’s bargaining weight is sufficiently low (a < &%),
the Nash-in-Nash outcome would leave the retailer with a negative payoff. The exit option
then becomes binding: the retailer rejects all contracts and earns its outside option (nor-
malized to zero). By contrast, with substitutes, the marginal contribution of each supplier
is limited by the canibalization effect, so the retailer’s is stronger in negotiations, and value

remains non-negative, and the threat of exit is irrelevant.

2.4 Organizational Choice

In stage 1, the retailer chooses between a centralized and a decentralized strategy, antici-
pating how this choice affects its profit both through the efficiency of its pricing decisions
and through its impact on the bargaining outcome.

From equation (1), it is clear that the retailer’s profit decreases with the marginal con-

tribution (II° — IT) of each supplier to the industry profit. We obtain the following lemma:

Lemma 3 (Bargaining effect) The marginal contribution of a supplier to the industry profit

(I1° — 1II) is always larger under centralization than under decentralization.

With two products, the effect of decentralization is transparent: it lowers I1° while
leaving IT unchanged. Therefore, the total amount the retailer pays to suppliers, i.e. a
fraction (1 — a)(II* — II), is lower under decentralization. In the bargaining expression (1),
however, the retailer obtains the industry profit minus this total amount paid to suppliers.
From lemma 2, the industry profit is strictly lower under decentralization. Balancing the
effect of decentralization on the industry profit with its effect on the bargaining yields the

following proposition:

Proposition 1 When products are substitutes, the retailer is better off under the decentral-
ization regime when o < . When products are complements, the retailer is better off under

d

the decentralization regime when & < o < 3 and obtains no profit in both cases when

agad.
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Proof. In the case in which products are complements, we have the additional constraints

that the retailer obtains positive profits only when o > a¢. m

In equilibrium, the retailer obtains 73, = II° — 2(1 — «o)(II* — I1). When o = 1, the
retailer obtains the full industry profit I1* and therefore always centralizes. In contrast,
when o = 0, the retailer obtains —II¢ 4 21T when decentralizing which is strictly larger than
—II¢ + 211 when centralizing, and therefore always decentralizes. More generally, when o is
lower than 3 the bargaining effect outweigh the internalization effect and retailer choose
decentralization to reduce the marginal contribution to its profit of each supplier. With
more than two products, the logic becomes richer. In Section 5 we extend our analysis to
the case of n products, in a linear demand setting. We show that increasing the number
of products raises both the industry profit effect and the bargaining effect. The resulting

decentralization cutoff in o no longer coincides with 1 and may lie above or below it.

3 (De)centralization with retail substitution

3.1 The setting

In this section, we introduce imperfect substitution between two symmetric retailers, de-
noted R; and R,. We assume that both retailers can source products A and B from manu-
facturers U4 and Up at marginal cost v, and then sell these products to final consumers.
We now consider a setting with imperfect retail competition. For any product k£ €
{A,B}, letl € {A, B} \ {k} denote the other product. Let p;; denote the price of product
k set by retailer R;, and let p;; denote the price of product % set by the rival retailer R;.
Retailer R;’s price vector is denoted by p; = (px;, pi;), while the rival retailer’s anticipated
price vector is denoted by p; = (px;,pi;). Let p = (pi,p;j) = (Pri> Pii, Prj> p1j) denote the full
vector of retail prices. We denote by Dy;(p) the demand for product £ sold by retailer R;.

We impose the following assumptions on the demand system.

Assumption3 Fork € {A, B} andl € {A, B} \ {k}, the demand function Dy;(p) satisfies:

(i) Demand is decreasing in its own price: 8%;1( 2 < 0 and products are complements if

8Dkz 8Dkz( )

o 9Dxiv) 0, whereas products are substitutes if > 0.

(i1) Demand for product k at retailer R; increases with the price charged by the rival re-

aDkz( )

tailer R; for the same product: > 0.

13



(iii) Cross-price effects are dominated by own-price effects:

’ 9Dy (p) ’ < ’ 9Dy (p)

Assumption 3 (i) on demand is directly adapted from Assumption 1, and in addition (ii)

-(iii) reflect that retailers are imperfect substitutes. Retailer R;’s profit is given by

i (p) = (Pri — ¥)Dri(p) + (p1s — ) Dui(p),

where k € {A, B} and ! € {A, B} \ {k}. In the same spirit as Assumption 2, we have:

Assumption 4 The profit functionsII;(p) and 11,(p) satisfy:

(i) The profit function1l;(p) is concave in retailer R;’s own price vector

Pi = (Dki, Pii)-

The profit function 11;(p) is analogously concave in retailer R;’s own price vector

Pj = (Prj» Pij)-

Moreover, retailers compete in prices, so prices are strategic complements across retail-

ers:
O*1Li(p)
——F >0, k e {A, B}.
OpriOpi; { }
Finally, the sign of the within-retailer cross-partial derivative depends on the nature

of product interactions. When products are complements, prices are strategic substi-

. . . 2 : . .

tutes within retailer R;, gpggﬁl )_ < 0, whereas when products are substitutes, prices are
. . . . 2711

strategic complements within retailer R;, gpgg}g’l )

(ii) In both cases, we assume that the price equilibrium is locally stable.

In contrast to section 2, we neglect the vertical relationship between manufacturers and

Formally, we assume that each retailer’s profit is strictly concave in its own price vector, p; or p;. We also
assume that the system of first-order conditions with respect to the full price vector

p = (pi,p;) = (pai,pBi,PA;j PB;)

satisfies the usual local stability condition at equilibrium. In particular, small deviations from the equilibrium
prices do not lead firms’ best responses away from the equilibrium.

14



retailers to better highlight the impact of retail substitution on retailers’ organizational
mode choice.

Assumption 4 extends Assumption 2 to a setting in which prices interact both across
products within a retailer and across competing retailers. As in the monopoly case, As-
sumption 4(i) imposes concavity and links the sign of cross-product strategic interactions
to the nature of product relationships. The new element is the restriction on cross-retailer
price interactions, which ensures that prices are strategic complements across retailers, as
is standard in differentiated Bertrand competition. Finally, Assumption 4(ii) ensures that
the full pricing equilibrium is well defined and that comparative statics with respect to
organizational choices are meaningful.

We solve the following game:

» Stage 1 (organizational choice): Retailers choose whether decision-making is cen-

tralized or decentralized. The choice is publicly observed
e Stage 2 (retail pricing): Retailers simultaneously set retail prices.

We subsequently define the price-competition equilibrium under the Centralization
and Decentralization regimes. Again, the superscript ¢ (resp. d) denotes the equilibrium

outcome generated by the sales of R; under Centralization (resp. Decentralization).

3.2 Retail Pricing

Depending on R;’s pricing organization, we define below its best reaction to any R;’s an-
ticipated price vector p; = (px;, pij)-

When R; has chosen centralization in stage 1, it chooses its price vector p; = (pg;, pii) to
maximize its profit by internalizing the substitution (or complementarity) among its two

products:

p; € arg max I (pi, pj)-

The first-order condition with respect to py;, for each k£ € A, B:

Dki(p)+(pki_7>a;€@+<pli_7) 8;):?) —0VE{A,B},i#4k (2
1 )

Cross-product externality

15



Solving the system of firm ¢ FOCS (2) for k {A, B} and | # k yields the best response
price vector of firm R; to a given price vector p; of firm R; : r{(p;).

When R; has chosen decentralization in stage 1, each product manager chooses the
price of her own product so as to maximize the profit generated by that product only. Thus,

for each k € A, B, the manager of product k£ chooses py;, taking p;; and p; as given:

Pri € arg n;?x(pki —7)Dri(p)-

The corresponding first-order condition is :

0Dy (p)
Op;

Dyi(p) + (Pri — ) =0, ke A B. 3)

Solving the system of decentralized first-order conditions (3) for k£ {A, B} and | # k
yields retailer R;’s decentralized best-response price vector to a given price vector p; of

firm R;, denoted by: r¢(p;). This leads to the two following lemmas.

Lemma 4 (Effect of centralization on best responses) Suppose Assumptions 3 and 4 hold,

then:

(a) If products are substitutes, the best response prices under centralization are strictly

higher than under decentralization:
ri(p;) > r{(p;) fori€ {Ri, Ry}

(b) If products are complements, the best response prices under centralization are strictly

lower than under decentralization:
ré(p;) < ri(p;) fori€ {Ry, Ro}.

Proof. We write 7$(p;) < ré(p;) fori € {Ry, R2} to mean componentwise strict domi-

nance, i.e., v, > ré Vk € {A, B}. See appendix 6.1.3 m

Lemma5 For a given vector of rival’s prices p;, the profit of firm i is always higher under

centralization than under decentralization: I1;(r¢ (p;), pj) > ILi(rd(p;), pj)-
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Lemmas 4 and 5 are direct counterparts to Lemmas 1 and 2. For any given vector
of rival prices, retailer R;’s best-response problem is equivalent to the pricing problem
of a multiproduct monopolist facing residual demands. Hence, the comparison between
centralized and decentralized best responses mirrors the comparison between centralized
and decentralized monopoly prices. Similarly, for a fixed vector of rival prices, a retailer al-
ways benefits from internalizing the demand externality across its own products rather

than pricing them independently.

The novelty of this section comes from the fact that organizational choices are ob-
served before prices are set. In the pricing stage, each retailer chooses its prices optimally,
taking as given its rival’s prices and organizational choice. Hence, when choosing its orga-
nization, each retailer anticipates not only how centralization or decentralization affects
its own pricing decision for any given rival price vector, but also how this choice influences
the rival’s subsequent pricing behavior. Four price-equilibrium configurations may arise:
two symmetric configurations, in which both retailers choose either centralization or de-
centralization, and two asymmetric configurations, in which one retailer chooses central-

ization while the other chooses decentralization.

Centralization Suppose that both retailers offer the two goods under the centralization
regime. Retailers 1?; and R; set their prices according to 7§ (p;) and r§(p;), respectively. By
symmetry, all prices are equal to p“. The equilibrium profit of each retailer is therefore
defined as

I = (p° — ) Dri(p™) + (p° — ) Dus(p™), (3)

Where pCC — (pccprC’ ])CC7 pCC).

Decentralization Suppose that both retailers offer the two goods under the decentraliza-
tion regime. Retailers R; and R; set their prices according to r¢(p;) and rf (pi), respectively.
By symmetry, all prices are equal to p?. The equilibrium profit of each retailer is therefore
defined as

% = (p™ = 7) Dri(p™) + (0™ = 7) Dus (™), 4)

where p? = (p™, p®, pid, pid).

In both symmetric configurations, the limiting cases have similar properties. When
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retail substitution becomes perfect, equilibrium profits converge to the Bertrand outcome
and go to zero. When retailers are independent, the equilibrium converges to the corre-
sponding multiproduct monopoly outcome: the centralized monopoly under (¢, c) and

the decentralized monopoly under (d, d).

Asymmetriccase Suppose finally that one firm, R; has chosen the decentralisation regime
while R; has chosen the centralisation regime. R; delegates set its best response prices ac-
cording to {(p;) and R; according to rj.l (pi)-

By symmetry we denote pf¢ = pfic = pf, and p¢ = pff = p5?, therefore the equilibrium

profit of each retailer i = {1,2} and j # i are defined as:

1% = (pf¢ — ) Dyi(p®) + (9 — ) Dy (p™) (5)

I = (p§* = 7) Dig (0™) + (1§ — 1) Dy (p™) (6)

where p?¢ = (pfcapfcvpﬁdapf)'

Lemma 6 (Effect of centralization on retail prices) Suppose Assumptions 3 and 4 hold,

then:

(a) If products are substitutes, equilibrium prices under centralization are strictly higher

than under decentralization:
P> p® for s € {c,d}

(b) Ifproducts are complements, equilibrium prices under centralization are strictly lower

than under decentralization:

P < p® fors € {c,d}

Proof. The proofis similar to Lemma 1, see Appendix 6.1.3 m
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3.3 Organizational choice

We can now solve the first-stage organizational choice game by comparing retailers’ equi-
librium profits across the different organizational configurations. This yields the following

proposition:

Proposition 2 (Decentralization and competition) When products are substitutes, central-
ization is the unique equilibrium. When products are complements, both centralization and

decentralization may arise in equilibrium.

Proof.

* When products are substitutes:

0% (p®) = W0ie?),pf) < WEE?),pf) < Lo, rs)
internal commitment

< IL(ri(pf), p§°) = 1% (p®)

where p¢* = (p%, p®) and p* = (p°*,p**). Thus centralization is a strictly dominant
strategy when products are substitutes. The unique equilibrium of the first-stage

game is therefore (¢, ¢).

e When products are complements:

% (p™) < Mry (N (7

internal

but

(i) 0f) > Wrfl®),p5") < Wi(r(05°), p5°)

commitment

Hence, when products are complements, the internalization effect favors centraliza-
tion, whereas the commitment effect favors decentralization. The ranking between
I1° and 1% is therefore ambiguous. As a result, depending on the relative strength of

these two effects, either centralization or decentralization may arise in equilibrium.
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When products are substitutes, a centralization strategy generates two kinds of ben-
efits. The first benefit is internal. As shown in Lemma 5, given its rival’s prices, a retailer
always finds it profitable to internalize product substitution. In doing so, it also commits
to a softer pricing strategy, which pushes its rival to be less aggressive in price compe-
tition (since prices are strategic complements).” When products are complements, the
commitment and internalization effects are now opposed. Although the firm still finds
it profitable to centralize its pricing decisions, choosing decentralization now commits it
to being softer in competition and therefore to facing a less aggressive rival. When retail
substitution is weak, this commitment effect is limited and centralization prevails, as in
the monopoly benchmark (see Lemma 2). When retail substitution is strong, however, de-
centralization can become profitable because the strategic gain from softening the rival’s
competitive behavior may outweigh the internal efficiency loss from decentralization.

We highlight in the linear case that there exists a threshold in retail substitution above
which a decentralization equilibrium exists. To give an illustration, we derive demand
functions from a generalized version of the quasi-linear quadratic utility model pioneered
by Shubik and Levitan (1980):3: For K, L € {A, B} and i, j € {1, 2} this yields the following
linear demand

qri = 1 — aqi; — bar; — cqi;

where parameter o €] — 1, 1] denote respectively the degree of product substitution
or product complementarity (when « is negative), b € [0, 1] denote the degree of substi-
tution among retailers and the parameter c represents the degree of substitution between
different products sold by different retailers. We assume that ¢ = ab.”

We obtain the following corollary:

Corollary 1 In the linear demand case, when products are complements, the equilibrium

organizational mode depends on the intensity of retail substitution.

* There exists a unique centralization equilibrium when retail substitution is weak, b <

b(a).

"Competition 4 la Cournot would reverse this effect.

8A representative consumer maximizes its indirect utility U (qa1, ¢s1, ga2, gB2) —PA1gAL —PA2GA2 —DB1GB1 —
pB2gB2 Where the utility function is defined as U(qa1, gB1,q42,9B2) = qa1 + gB1 + qaz + g2 — a(qaigp1 +
qa2qB2) — b(gai1qaz + qB1gB2) — c(qa19B2 + qa29B1).

The assumption ¢ = ab implies that the substitution between A sold by R; and B sold by R; is a combi-
nation of the substitution among products A and B and the substitution among retailers R; and R; (see also
Dobson and Waterson, 1996; Rey and Vergé, 2010; Allain and Chambolle, 2011, among others).
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* Both centralization and decentralization equilibria exist for intermediate levels of re-

tail substitution, b(a) < b < b(a).

* There exists a unique decentralization equilibrium when retail substitution is strong,

b(a) = <2 - = a)m

—a)2(1 —a)3)Y? 1/2
b(‘l):<1+1ia_((2 ()1(—1a)3)) ) '

Both thresholds b(a) and b(a) are strictly increasing in the degree of complementar-

b > b(a), where

and

ity among products. They tend towards zero when products are independent. Figure 1
illustrates corollary 1. Interestingly, in the region where both equilibria coexist, decentral-

ization always Pareto dominates.
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Figure 1: Equilibria with retail competition when products are complements

4 (De)centralization, Retail Substitution and Bargaining

In this section, we now analyze the interlocking relationships between suppliers A, B, and

retailers 1 and 2. Here again, we use the Nash-in-Nash bargaining concept with threat of
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exit developed by de Corniere and Taylor (2024). The Nash-in-Nash bargaining concept
relies on contract secrecy, passive belief and delegated agents that are sent simultaneously

to bargain with different partners. We thus solve the following game:

* Stage 1 (organizational choice) : Retailers choose whether decision-making is cen-

tralized or decentralized. This choice is publicly observed.

* Stage 2 (bargaining): All pairs of supplier-retailer simultaneously and secretly nego-

tiate a two-part tariff. The outcome of the bargaining is not observed by rivals.

» Stage 3 (retail pricing) : Retailers set retail price simultaneously.

4.1 Retail Competition

In the retail competition stage, for any pair of organizational choices (s;, s;) € (c,d)?, the
equilibrium retail prices when both retailers source at marginal cost  have been charac-
terized in the previous section. We denote by IT;**, the corresponding equilibrium profit
of retailer R;, where the first superscript refers to R;’s organizational choice and the second
to R;’s organizational choice.

Consider now a breakdown in the bargaining between retailer R; and manufacturer
Ui. In this event, product k is no longer sold by retailer R;. Since retailer R; does not
observe the breakdown, it continues to set the equilibrium price vector associated with

S4Sj ( S4S4 SiSj

the organizational profile (s;, s;), denoted by p; py; by ). Retailer R;, however, only

sells product ! # k. Its continuation price for product /, denoted by p;; ™, is defined by
Py € arg H;?;X(pli - ’Y)Dli(OO,pzZ',pj-iSj)-
and the resulting industry profit is given by:
5% — (5519 — ) Dya(oo, pii™ , p*isi, %), (8)

Remark 2 We have the following rankings:
 When products are substitutes (resp. complements), [1°% > 1% (resp. [19% > 11 ).
* when products are substitutes (resp. complements) {s;,s;} € {c,d}, 11 < L1

(resp. T15i%i > 201%i%7).
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The comparison between 1955 and TI¢% is straightforward. Indeed, in the case of a break-
down, the internal benefit of centralization disappears. The commitment effect remains
at play, however, as the rival is unaware of the breakdown and cannot adjust its prices.
When products are complements (resp. substitutes), it is clear that decentralization (resp.

centralization) dominates, that is [T > 11 (resp. I1¢% > [1%5/).

4.2 Bargaining

We now solve stage 2, the bargaining problem between supplier K and retailer :. In a Nash-
in-Nash bargaining framework, when contracts are two-part, products are always sold at
marginal cost (normalized to v) and therefore the bargaining is efficient (See Allain and
Chambolle (2011), Rey and Vergé (2020)). As in the case of a downstream monopolist, we
thus directly solve the bargaining over the fixed fee which is used to split bilateral joint
profits. For any organizational profile (s;, s;) € (c,d)?, the Nash-in-Nash bargaining pro-

gram problem is:

~ « 11—«
8.8 5;5] 5;8; 8.8 5;5] 5;5;] 558 5584
maX<H”_Fki — F, = (%% — Fy, )) (Fm + B = )

st II%% — Fi% — F*™ >0
This leads to:
SiS;j . 8i8j 7SS 8i8j SiS;j
F;”7 = min{(1 — o) (IT**% — II**%7) II%% — F}*7}

Equilibrium profits captured by firms in the bargaining stage are thus:

5;8j 85

w7 =77 =min{(1l — a)(II**% — T1550), 1% — F%Y

S$iSj
%

_ max{Hsisj N 2(1 N Oé) (Hsisj _ ﬂsﬁj)) 0} 9)
W;jsi _ max{ﬂsjsi o 2(1 o a)(]:[sjsi _ fls]'&')7 0}

As in the monopoly case, we obtain a lower bound on « in the case of complementary

products.

Remark 3 When products are complements, the retailer’s threat of exit is credible when o <
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dSiSj _ Hsisj—Qli[Sisj
- Q(Hsisj 71_[5'”.51.)

< 3. When products are substitutes, the retailer’s threat is not credible.

We now examine whether the bargaining effect identified in the downstream monopoly
case still holds under retail competition. In Section 2, decentralization reduced each sup-
plier’s marginal contribution to the retailer’s profit, thereby improving the retailer’s bar-
gaining position. This was immediate because decentralization lowered the joint profit
115, while the disagreement payoff IT was independent of the organizational choice, so that
e — 11 > 114 — 11

With retail competition, the comparison is less direct. Each supplier’s marginal con-
tribution is now I1%% — I1%%i, and both terms depend on the organizational profile. For a
given rival organization s € (¢, d), the relevant comparison is whether (I1¢* — I1¢*) — (T1% —
I1%) > 0. Equivalently, this inequality can be written as (II°* — I1%) — (11 — II%) > 0. The
two terms may move in opposite directions. As shown in Proposition 2, II** — I1% may be
negative when products are complements and retail substitution is strong. Moreover, as
shown in Remark 2, I1¢ — 11 > ( when products are substitutes, whereas I1°* — I1% < (
when products are complements. Thus, with retail competition, decentralization need not
always reduce suppliers’ marginal contributions. The following lemma characterizes this

effect under linear demand.

Lemma 7 (Bargaining effect with competition) In the linear demand case, the marginal
contribution of a supplier to the industry profit is larger under centralization than under

decentralization:
* when products are substitutes.
* when products are complements:

— ifs; = c: 11 =TI > T1% — 119 jfb < B/(a),

— ifinstead s; = d: T1°¢ — T1°? > 119 — 119 ifb < ¥/ (a),

=/ a*—8a3+19a2—+/(a—2)2(a—1)3(a3—3a2+8a—4)—16a+4 -
where b (a) = \@\/ \/((a—l))Q((BaQ)—éa+4) : > bla), and ¥(a) =

a?—va*—4a34+11a2—12a+4—5a+2
2\/ 302 —9a+t4 > b(a).

Lemma 7 shows that the positive bargaining effect of decentralization survives the intro-

duction of retail competition only under specific conditions. When products are substi-
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tutes, decentralization always reduces each supplier’s marginal contribution to the re-
tailer’s profit, thereby improving the retailer’s bargaining position. When products are
complements, however, this effect is present only when retail substitution is sufficiently
weak. When instead retail competition is strong enough, in contrast we have that central-
ization now improves the retailer’s bargaining position.

The comparison of thresholds B’(a) (resp. b/ (a)) with the thresholds obtained in Corol-
lary 1 highlights that the bargaining leverage force identified in the monopoly case is still
present when retail competition is not too intense. Figure 2 illustrates Lemma 7 by high-
lighting, in the case of complements, the frontiers within which decentralization still im-

proves retailers’ bargaining leverage.
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Retail substitution (b)

Figure 2: Bargaining effect

In the linear-demand illustration in Figure 2, the equilibrium organizational choice
and the bargaining effect tend to move in opposite directions. When retail substitution
is weak, the integrated-retailer competition game selects centralization. In this region,
however, decentralization improves a retailer’s bargaining position, as indicated by the
area to the left of the dashed curve.

Conversely, when retail substitution is strong, decentralization may arise as an equi-

librium because the commitment effect dominates the internal-efficiency effect. In this

25



case, centralization improves the retailer’s bargaining position, as shown by the area to the
right of the solid curve.

This negative association is not perfect. The solid curve lies partly in the decentraliza-
tion region, indicating that some parameter values support decentralization as an equi-
librium even though decentralization would improve bargaining. Moreover, in the green
region where both organizational forms can be sustained as equilibria, some parameter
values lie between the dashed and solid curves. In that interval, decentralization improves
a retailer’s bargaining position against a centralized rival, while centralization improves a

retailer’s bargaining position against a decentralized rival.

4.3 Organizational Choice

In this section, we look for Stage 1 equilibrium. Three types of equilibria may arise:

A centralization equilibrium exists if

7_‘_;:c > ﬂ_;ic
PN TI¢c — Hdc > 2(1 o Oé)((HCC . ﬂCC) - (Hdc o ﬂdC)) (10)
S —
Industry profit effect Bargaining leverage effect

The left-hand side of the inequality is discussed in Proposition 2, whereas the right-
hand side is the bargaining leverage effect put forward in Lemma 7. A decentralization

equilibrium exists if

dd cd
e > g

& 2(1—a)((I - 11¢4) — (1% — 11%4)) > 11¢¢ — 1% (11)
An asymmetric equilibrium exists if
mdd < red and 7¢e < e

We obtain the following unified proposition, for substitutes and complements, as long

as decentralization has a beneficial effect on bargaining, i.e., when I1** — [1es > 1195 — 114s:

Proposition 3 When retail substitution is imperfect and 115 — I1¢ > 1% — 11%, j.e. when

decentralization has a positive effect on bargaining:
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e there exists a centralization equilibrium (c,c) when :

Hcc_Hdc
2((Hcc,ﬁcc),(ndc,ﬁdc)) :

a>al =

* there exists a decentralization equilibrium (d,d) when:

HCd,Hdd
((Hcd,ﬁcd) _ (Hdd,ﬁdd)) :

a<a§£1—2

* there exist two asymmetric equilibria (d,c) and (c,d) if a§ > a > aﬁ.
Proof. When retailers are independent, note that a¢ = o = 1 because 119 = I1° and

I1°¢ = 119, When products are imperfect substitutes, because I1¢ > I1%, we have a¢ < 3

and of < % When products are complements instead, when I1¢* > TI%, because now
I1¢ < 119, it implies that decentralization has a positive effect on bargaining (denomina-
tor is positive), and that a¢ > ; and o > 1. If instead I1* < I1%, the numerator becomes
negative but the denominator remains positive, which implies that a¢ > 1 and o > 1 and

therefore only a (d,d) equilibrium arises. m

In the thresholds o¢ and ¢, the bargaining effect, which pushes toward decentraliza-
tion, enters through the denominator, whereas the industry-profit effect enters through
the numerator. The latter favors centralization when I1°* > I1% and decentralization when
11 < 119510 The balance between these two effects, therefore, determines the equilibrium
outcome.

When retailers have relatively weak bargaining power vis-a-vis suppliers, that is, when
« is low, they benefit from limiting their suppliers’ marginal contribution through decen-
tralization. By contrast, when retailers have substantial bargaining power, centralization
is chosen whenever I1®* > I1%. Decentralization may nevertheless arise in the case of
complementary products, where 11 < T1%%, since a¢ > 1 and af > 1.

Consider now the alternative case in which centralization has a beneficial effect on

bargaining, i.e., when I1° — [1° < II% — 1%, we obtain the following proposition:

Proposition 4 When retail substitution is imperfect and 115 — 15 < 11% — 11%, j.e. when

centralization has a positive effect on bargaining:
* there exists a centralization equilibrium (c,c) when oo < af

e there exists a decentralization equilibrium (d,d) when o > .

""Note that, in the case of imperfect substitutes, Proposition 2 shows that I1** > I1¢* always holds.
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e there exist two asymmetric equilibria, (d,c) and (c,d), ifa? > o > of.

Proof. when products are substitutes, I1° > I and thus we have o¢ > 1 and o¢ > 1,
and there is a unique centralization equilibrium. When products are complements, if
e > TII9%, only a centralization equilibrium arises, but if 1% > 11, we have af < %

anda? < 1. m

In the thresholds o and ¢, the bargaining effect, which pushes toward centralization,
enters through the denominator, whereas the industry-profit effect enters through the nu-
merator. In the case of substitutes, the latter always favors centralization, which explains
why centralization is the unique equilibrium. In the case of complements, there is also a
unique centralization equilibrium when I1° > 119, but decentralization may occur when
I1° < T1%. When the retailer has relatively strong bargaining power, it gives greater weight
to the impact of its organizational choice on industry profit than to the bargaining effect.
It therefore opts for decentralization whenever the industry-profit effect favors it.

Note that Propositions 3 and 4 do not provide an exhaustive characterization of all
possible equilibrium configurations. For instance, centralization may have a positive ef-
fect on bargaining when s; = c (respectively, s; = d), while decentralization may have a
positive effect on bargaining when s; = d (respectively, s; = ¢). However, our propositions
are sufficient to infer what would occur in such cases, and no qualitatively new insight
would arise. We therefore choose to simplify the presentation by focusing on these two

polar cases.

4.4 Linear demand illustration

We now illustrate Propositions 3 and 4 in the case of a linear demand, in turn for the cases
in which products are imperfect substitutes and imperfect complements.

4.4.1 (De)centralization when products are imperfect substitutes

Proposition 3 applies for the case of substitutes, given that, as stated in proposition 2,
centralization always improves industry profit and, as stated in Lemma 7, decentralization

always has a positive effect on bargaining.
Corollary 2 In the linear demand case, when products are substitutes:
* there exists a unique (c,c) equilibrium when o > o5(a,b).
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o there exists a unique (d,d) equilibrium when o%(a,b) > a.
* Both equilibria co-exist for a%(a,b) > a > aS(a,b).
Proof. See the expressions of aS(a, b), a?(a,b) in Appendix 6.3. Both thresholds are strictly

increasingin a € [0, 1] and decreasinginb € [0,1]. m

In Figure 3, we illustrate the possible equilibria with the linear demand exposed in

Corollary 2 for different levels of product substitution.
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Figure 3: Equilibria with substitutes.

In the linear-demand case, whenever both equilibria coexist, the centralization equi-
librium Pareto dominates the decentralization equilibrium for both retailers and manu-
facturers. First of all, the frontiers are both strictly decreasing with retail substitution. This
is natural, as centralization becomes more desirable when retail substitution is more in-
tense, because the priority is to preserve industry profits. The effect of an increase in prod-
uct substitutability is non-trivial. The comparison between the two panels shows that the
region in which centralization is sustained is smaller when ¢ = 0.7 than when a = 0.3.
When product substitution increases, the benefit of centralization on profit increases, be-
cause there is more externality to internalize. However, when « increases, the benefit of
decentralization on the bargaining also becomes relatively stronger which explains that

decentralization arises for a wider area of parameters.
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4.4.2 Decentralization when products are imperfect complements

Both Propositions 3 and 4 may now apply for the case of complements.

Corollary 3 In the linear demand case, when products are complements and retail compe-

tition is soft, i.e.b < b= v/2y/ 77 + Y2 — L

* there exists a (c,c) equilibrium when o > o5(a,b).

* there exists a (d,d) equilibrium exists when o > ag(a, b).

when the retailer’s bargaining power is too small, i.e., « < «a(a), the retailer makes no

profit and is indifferent between the two organizational strategies.

Both equilibria co-exist when a%(a,b) > a > a%(a, b).

When retail substitution is more intense, i.e. b > b, there is a unique decentralization equi-

librium for all« € [0, 1].

Proof. Both thresholds are strictly increasingina € [-1,0] andinb € [0,1]. m

Figure 4 illustrates the possible equilibria with the linear demand when products are
complements; the retail substitution parameter b is on the abscissa, and the producer’s
bargaining weight parameter « is on the ordinate.
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Figure 4: Equilibria with imperfect complements.

In contrast with the case of substitutes, when retail substitution is intense, decentral-

ization enables relaxation of competition through the commitment effect, which prevails
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over any bargaining effect. When retail substitution is intense, the results align with the
case of substitute products: it is only when the retailer’s bargaining power is limited that it
chooses decentralization. The vertical dotted lines indicate when the centralization strat-
egy starts (for b on the right of these lines), having a positive effect on bargaining, when
the rival has adopted a strategy s; = d and s; = ¢) respectively. However, as in these cases,
competition is really intense, and the priority becomes to decentralize to relax retail com-
petition and preserve the profit. In this area, the threshold o¢ falls below a(a) and for any

a > af a decentralization equilibrium exists.

5 Extension: monopolist retailer with n > 2 suppliers

In this section, we briefly extend the monopolist retailer case to the case where it deals
with n > 2 suppliers. We denote I1¢ and I1¢ the respective industry profits when a retailer
deals with »n firms and chooses centralization and decentralization, respectively. We also
denote II¢ the status-quo profit of the retailer when disagreeing in its bargaining with one
firm. The current status quo profit now depends on the strategy s.

In the bargaining stage, the retailer obtains

& = (an —n+ DI + (1 — a)nll?

n

It is easy to show that I1% > I1%, when « < &, where

Ig — 11d

ap=1-— = -
" (1S — T1¢ — 14 + T14)

The threshold &, illustrates well the balance between the bargaining effect (IT¢ — I1¢ in the
denominator) and the industry profit effect (n(I1¢ — II¢ — I1% + I1%) in the numerator). We
derive the equilibrium and status quo profit expressions in the linear demand case (see

Appendix 6.2). Focusing on the numerator, we obtain the following lemma:

Lemma 8 In the linear demand case, the difference in industry profit between the central-
ized and decentralized casesTI¢ —11¢ increases with n, regardless of product complementar-

ity or substitutability.

When increasing the number of products, each product exerts an externality (comple-

mentarity or substitutability) on each of the other products, thereby increasing the magni-
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tude of the total externality across products’ demands. Increasing the number of products
reinforces the relative advantage of centralization over decentralization in terms of indus-
try profit (the industry profit effect).

Focusing now on the bargaining effect (in the denominator), we obtain the following

lemma:

Lemma9 In the linear demand case, whether products are substitutes or complements, we
show that the sum of the difference in the marginal contribution of suppliers between cen-

tralization and decentralization (i.e., n(I1¢ — I1¢ — I1% + T1%) strictly increases in n.

Proof. We prove foralln > 2and a € [-1/(n — 1),1] we have ITI¢ — I1¢ < TI¢ — I1¢. m

Lemma 9 shows that qualitatively, the bargaining effect generalizes to any n > 2 and

that the bargaining effects tend to increase with the number of products.
Lemma 10 [n the linear demand case, when the retailer sells a larger number of products;

e When products are complements, decentralization is more likely to be profitable (i.e.,

&y, increases).

» When products are substitutes, decentralization is more likely to be profitable for n <

n(a), wheren(a) decreases with a.

In the linear demand case with symmetric substitution among products, we find that
when a = 0.1, n(0.1) ~ 31, whereas when a = 0.9, n(0.9) = 2. Note that the range of
complementarity and substitution level, a, considered does not span the whole interval
[—1,1]. We restrict our attention to 0 > a > —-1- for complementarity to respect our
regularity assumption (concavity of the profit functions). When products are substitutes,
we limit ourselves to a € [0, aj;,(n)], where a;;,,,(n) decreases in n and is the value such
that the incremental gain from selling an additional product in the decentralization case

becomes negative.!!

"Note that the decentralization case is tantamount to a competition between n separate firms, which ex-
plains that the industry profit may decrease when the number of products becomes too large.
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6 Appendix

6.1 Downstream monopoly

6.1.1 Cost-based contracts

In stage 3, R sets prices according to c-FOC when centralizing and d-FOC when decen-
tralizing. In the bargaining stage, the manufacturers and the retailer have all observed the

organization’s choice of R.

Consider first the case of centralization. Consider the bargaining between U4 and R,
say.

Tr = (pa —wa)Da(pa,pB) + (b8 — wB)DB(pa,pB) — FA — FB
ma = (wa —7)Da(pa,pp) + Fa,
*r = (b —wp)Dp(pp, ) + Fp
Firms maximize the following Nash program:

max (g — g)*my *
wa,Fa

FOCs with respect to w4 and F4 respectively are given by:

Oma Orp
(1—a)2a p o904 (12)
A (TR — TR)
—(1—
(l=a) o _, (13)
A (TR — TR)
Plugging (16) in (15), we obtain %ré“TTR) = 0. Thus, U4 and R maximize their joint
profit.
We have
d(ma+TR) ODa(paps) ODa(paps) O
= gur - = Dalpapp) + (wa —y)[RAgAREL Gha o SRR SR ] (14)

_ Ong Opa | Omp Opp.
DA(pAva) + Opa Owap + Opp Owa

_ _ 9D a(pa,rB) Opa | 9Da(pa,pB) Ops
- (wA 7)[ opa ow 4 + opp 8’11},4]

<0 >0
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We simplify (17) using ‘g;%f — 9™R — () in Stage 3.

~ 9pp
_9Da
OpA _ " Opa
=L - _9PA 5
a'UJA Det
. _ O’npp 9*1ra _ O*mrp 9*7Ra
with Det = asz Bp% OppOpa OpaOpB >0
m
8pB . op% apA
op%
~——
<1

which is positive when products are substitutes and negative otherwise. Given that the
left term in the bracket is always larger than the right term in the bracket, the term in the
brackets never cancels. Therefore, w4 = v and similarly for wp.

They do so by anticipating the behavior of firm R, which has a different objective when

choosing between centralization and decentralization.

Consider first the case of centralization. Consider the bargaining between U, and R,
say.

Tr = (P4 — wa)Da(ps,pp) + (P5 — wp)Dp(pa: P5) — Fa — Fp.
ma = (wa—7)Da(ps,pp) + Fa.
7r = (pp — wp)Dp(pp,0) — Fp.
Firms maximize the following Nash program:

max (7r — g)*my .
wa,Fa

FOCs with respect to w4 and F4, respectively, are given by:

Oma Org
(1-a) dwa | ¢ Ow/‘A = 0, (15)
TA (TR — 7R)
—(1 -« v
ze), & _ (16)
TA (TR — 7R)
Plugging (16) into (15), we obtain ()%ATT“) = 0. Thus, U4 and R choose the linear
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wholesale price so as to maximize their joint payoff. We have

O(ma+TR)

e e 0D A(p5,Pg) 0% . 0D AP, PR) ODf
dw,  ~ Dalapp) +(wa=7) (. Pp) 00 | OD AP pp) O

Opa Ow 4 Opp Ow 4
or R ap% or R apcB
_D C C .
Al )+ Opa Owa  Opp Owa

17

Using the envelope theorem at the retail-pricing stage, we have g;AR = ‘g;%’* = 0. There-
fore, (17) simplifies to

O(ma + 7R)
owy

0D 4 0p§ . 0D 4 OpG

— _ 1
(wa=7) [8PA Oowy  Opp Owy (18)

The term in brackets is the total effect of a change in w4 on the continuation demand

for product A:

0D Op | 0D Op] _ dDa(h,p)
Opa Owy  Opp Owa dw g
We now show that this term is non-zero.

Let H;; = dp dp A withi,j € {A,B},and Ar = HyaHpp — HapHpa > 0 by Assump-

tion 2(ii). Differentiating the centralized pricing FOCs with respect to w4 gives

0P Ops 0Dy

Hup——2A + Hy ==
Adg + ABg W s’

Ip Op  0Da
H H = —.

BAGF EN + Hpp D By

Solving this system yields
oD
0P _ HBBW - HABW;
ow A A R ’

and
8p% - HBA apA + H

awA AR

GPB

Substituting into the total derivative of D 4, we obtain

2
oD dDA OD oD
dDA(pfmp%)_HBB(apj> (HAB"‘HBA)WXW;_FHAA(W;)

dw 4 AR

By Assumption 2(ii), the Hessian of the centralized pricing problem is negative definite.

Since <%, %) # (0,0), the quadratic form in the numerator is strictly negative. As

dDA(pirp%)
AR > 0, we have T dws < 0.
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Therefore, the term in brackets cannot vanish. The first-order condition can hold only

ifwy = ~. By symmetry, wg = 7.

Consider now the case of decentralization. Consider the bargaining between U4 and the
retailer, represented by the manager of product R 4. Under decentralization, each product
manager is responsible for both setting the retail price of her own product and negotiat-
ing with the corresponding manufacturer. Thus, manager R4 negotiates with U,4, while
manager Rp negotiates with Up.

Importantly, decentralization affects the managers’ pricing objectives, but it does not
imply that managers are unaware of the consequences of their negotiations for the rest
of the retail group. We assume that, when bargaining with U4, manager R 4 observes the
equilibrium continuation payoff of division Rz both in the event of an agreement with U4
and in the event of a breakdown.

In the bilateral negotiation between U4 and R4, the terms 75 and 7i are thus an-
ticipated continuation payoffs. They affect the level of manager R4’s bargaining surplus,
but they do not alter her marginal pricing objective. Therefore, the pricing decision re-
mains decentralized: manager R4 chooses p4 to maximize 74, taking pp as given. In the
decentralization case, firms maximize the following Nash program:

l-a

max (7TRA + ﬂ}k{B — er)a(ﬂ’A)
wa,Fa

FOCs with respect to w4 and F4 respectively are given by:

Oma OmRA
ow 4 Jwy
11—« + o = ” =0 (19)
( ) TA (mrRa — (TR — WRB))
(1 —
( Oé) + AOZ ” = O
TA (TrRa — (TR — WRB))
I(ma +mRa) = D( ) + (wy — 7)[2RaaE) Opa | ODalpa:ps) Ops ) (20)
8wA = UAPA,PB A Y Opa Owp opp ow 4

Orpa 9
—Dalpa,pp) + G 554 =0
~—~—

0

_ _ 0D A(pa,pB) Opa | 9Da(PaPB) Opp | _
= (WA =5 0wy T oy owal =0

As in the previous case, the term in brackets never cancels and therefore, wy = ~ and
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similarly for wp.

6.1.2 Variations of reaction functions in the decentralized and centralized cases

Decentralized Consider a decentralized pricing problem in which, for each product & €
{4, B}, the corresponding division chooses p;, taking p_j as given in order to maximize
its own profit 1T (px, p—x). For each p_y, the best reaction ré(p_) solves the first-order

condition
Ol (pr, p—k)

=0.
Opi,

By Assumption 2(i), we have

0211 _
PIPiLk) o for all (py, ),
Op;.

so I, is strictly concave in p;, for each p_j. Hence the first-order condition defines a unique
optimal price py(p_x) for each p_y.
By the implicit function theorem, the slope of the reaction function r¢(p_y) is given

by:
Ok (prs P—kc)
orlp ) Opdns
Op—g Oy (pr, p—k)
op?

21

Since
%11 _
k(pkz,p k) <0
op;;

ard(p_y)

by Assumption 2, the sign of the derivative =5 =

9?1y, (Pr,p—k)
Opy, Op—

0 and therefore the reaction functions are increasing. When instead products are comple-

Uy (pr,p—k)
Opr Op_

is determined by the sign of the cross-

0y (Pr,p—k)

partial derivative Opr Op—r

. This implies that, when products are substitutes, >

ments, < 0 and therefore the reaction functions are decreasing.

Centralized Consider a centralized pricing problem in which, for each productk € { A, B},
the corresponding division chooses p;, taking p_j as given in order to maximize its own

profit I (px, p— ). For each p_y, the best reaction T%(p_ «) solves the first-order condition

Ol (pr, p—r) n OIL_i(pr, k)

=0.
Opg Opy,
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By Assumption 2, we have

O 1Ly, (prs p—k)

<0 forall (pr,p_x),
8pi

so I, is strictly concave in p;, for each p_j. Hence the first-order condition defines a unique
optimal price py(p—x) for each p_y.
By the implicit function theorem, the slope of the reaction function r¢(p_) is given

by:
My (pr,p—k)  O*N_j(pr, p—1)

Ori(p—r) _  OprOp_i OpOp—k 22)
Op_i, Oy, (pr, p—r)  O°TL_k(pr, p—k)
7 + )
op;; Op;.

Since
Ok (pr, p—r)  O*T_p(pr, p—1)

<0
ap% 8p%

‘%5 (-5) i5 determined by
P—k

by Assumption 2, and given symmetry, the sign of the derivative

Uy (pr,p—k)

the sign of the cross-partial derivative 0 Op

Oy (pr,p—k)
Op Op_k

instead products are complements,

. This implies that, when products are

substitutes, > 0 and therefore the reaction functions are increasing. When

Oy, (pr,p—k)

< 0 and therefore the reaction functions
Opk Op_k

are decreasing.

6.1.3 Proof of Lemma 22

* when products are substitutes, the best reaction functions are increasing in both the

arik(pr)
Op_1

0 and 821;“)7(7’):) > 0for k € A, B (see 6.1.2); Fix p_;, and evaluate the decentralized FOC

centralized and decentralized cases (prices are strategic complements), i.e. >

(d-FOC) at the centralized best reply 7§ (p—y), i.e. at a point satisfying (c-FOC):

Di(p) + (pk — W)ag;ip) =—(p—x—)

0D_i(p)
Op

I

with p = (r{(p_x),p—x). If products are substitutes, the right-hand side is negative.
Hence, at r{(p_;), the left-hand side of (d-FOC) is negative. Since this expression is
strictly decreasing in pj and equals zero at the decentralized best reply r¢(p_;), we
must have

r¢(p_i) > ri(p_y) forallp_,andk = {A, B}l # k.
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Therefore r¢, (r{(p?,)) > r%,(r¢(p%,)) > ¢, (rd(p?,)) = p?,. Since the centralized
reaction mapping is increasing and stable, and since applying this mapping to the
decentralized equilibrium price p?, yields a price strictly above p? , , the unique fixed
point of the centralized mapping must lie above the decentralized equilibrium price,

given the stability condition in 2 Hence,

Py > Py
* Following the same logic, when products are complements, prices are strategic sub-

stitutes, and

rd(p_i) > ré(p_) forallp_,andk = {A, B}, # k.

Therefore r¢, (rd(p¢ ) > 7, (r&(p¢ ) > ¢, (r&(p°,)) = p¢,. Since the centralized reac-
tion mapping is increasing and stable, and since applying this mapping to the decentral-
ized equilibrium price p°, yields a price strictly above p° ., the unique fixed point of the

centralized mapping must lie above the centralized equilibrium price. Hence,

pcik > ply.

6.2 Extensionton > 2 firms
With n imperfect substitutes products, the utility is:
n 1 n n n
2
Un = ZQi - QZ% —a Z 445~ Zpi(ﬁ
=1 i=1 i=1,j#1i =1
Demand for producti =, 1, ...n is:

l—a—(na+1 —2a)pi+a2j7§ipj

@@= (1-a)(na+1-a))
In the centralized case, we obtain, p¢ = 1 and a profit II° = m. In the decentralized
case, we obtain p¢ = ﬁ and a profit I1¢ = (a(fjjg’l)ﬁ‘;‘)ﬁ,(?a_(sl’j)ﬂ). In case of disagree-

ment in the bargaining, the status-quo price in the centralized case is unchanged and the

corresponding profit II¢ = 4@(:%_21)%. In the decentralized case, the price is modified to
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~ —a s T 1—a)(n—1)(a(n—3)+1
Pl = a(nl_ 173 and the status-quo profit is I1¢ = (Ez(njﬁi) +2))2((Cf(n,2))+1))-

Note that, in case of complementarity, the concavity of profit functions is satisfied

only for a > — 1. Therefore, in this example, we restrict our analysis to a € [—-15, 1].

6.3 Thresholds in Corollary 2 and 3.

In the linear demand case, thresholds are

(a(—16 — 8(—3 + a)b?® + (=5 + 3a)b?))
(—32a — 8(2 + (=5 + a)a)b? + (4 + 3(=3 + a)a)b?)

ag(a,b) =

A(a.b) = a(—4(=2+a)? —4(=3+a) (=2 + a) (=1 + a)b? + (=1 + a)?(=5 + 3a)b*))
Gl = 82+ a)2a—4(—2 1 a)(—1+a) (2 + (=5 + a)a)b® + (—1 + a)2(4 + 3(—3 + a)a)b?)

(a(44+ (=3 +a)a))

afa) = (—4+ a8+ (-3 +a)a))
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