
Collaborate or Consolidate: Assessing the Competitive
Effects of Production Joint Ventures∗

Nicolas Aguelakakis † Aleksandr Yankelevich ‡

This Version: December 6, 2014

Abstract

We analyze a symmetric joint venture in which firms facing external competition
collaborate in input production. Under standard regularity conditions, the collabo-
ration leads to higher profits than a horizontal merger, whereas the effect on prices
and quantities depends on the form of downstream competition. When firms com-
pete in prices, downstream prices for all firms are higher following a joint venture
than following a merger. The reverse result may obtain under quantity competition.
Nevertheless, prices and profits remain higher in a Cournot equilibrium than in a
Bertrand equilibrium. We apply our methodology to compare counterfactuals in the
U.S. mobile wireless industry.

Keywords: Production Joint Venture; Collaboration Among Competitors; Horizon-
tal Merger; Bertrand Oligopoly; Cournot Oligopoly

JEL Classification Numbers: L13, L23, L42

∗The authors acknowledge helpful comments from Judith Dempsey, Justin P. Johnson, John Nach-
bar, Omar A. Nayeem, Bruce C. Petersen, Brian W. Rogers, Paroma Sanyal, Marius Schwartz, Susan
Singer and Steve Wildman, as well as seminar participants at the International Industrial Organization
Conference, Midwest Economic Theory Conference, the Southern Economic Conference, the Stony Brook
Game Theory Festival, the Federal Communications Commission, the U.S. Department of Justice, the
University of Memphis, and Washington University in St. Louis. The authors have benefited from travel
support from the Center for Research in Economics and Strategy (CRES), in the Olin Business School,
Washington University in St. Louis. The analysis and conclusions set forth are those of the authors and
do not necessarily represent the views of the Federal Communications Commission, other Commission
staff members, or any Commissioner.
†Department of Economics, Washington University in St. Louis, Campus Box 1208, St. Louis, MO

63130. e-mail address: naguelakakis@go.wustl.edu
‡Corresponding author. Federal Communications Commission, 445 12th Street, SW, Washington, DC

20554. e-mail address: aleks.yankelevich@fcc.gov



1 Introduction

Collaboration via joint production can present an attractive alternative for competing

firms contemplating a horizontal merger, particularly for large firms concerned with be-

ing challenged by the antitrust agencies. U.S. antitrust guidelines distinguish competitor

collaborations from mergers, stating that in contrast to mergers, collaborations generally

preserve some form of competition among participants.1 Production collaboration involves

agreements where parties produce through common production facilities or a jointly con-

trolled company while remaining separated in other facets of operation.2

It is by now well established in the economics literature that production collaboration

may engender anti-competitive effects as great as those of a horizontal merger (Bresnahan

and Salop, 1986; Reynolds and Snapp, 1986; O’Brien and Salop, 2000; and Chen and Ross,

2003). Antitrust agencies also recognize that such collaborations can have competitive

effects identical to those that would arise if the participants merged and delineate the

circumstances under which competitor collaborations should be treated as mergers. A

prevalent view, however, is that a production joint venture that is not found to be per se

illegal, should almost surely be allowed if the participants would be permitted to merge.3

Historically, collaborations that are not treated by the agencies as mergers have been

considered to be pro-competitive and have faced relatively few legal challenges. Notably,

Werden (1998) could not identify a single case in which a joint venture not treated as a

cartel or merger was dissolved by court order following an antitrust challenge.

1See the U.S. Antitrust Guidelines for Collaborations Among Competitors (2000).
2The more recent collaboration guidelines issued by Canada (2009) and the European Commission

(2011) suggest that production collaborations may vary in form and scope and include among them
subcontracting arrangements where one party retains another to produce products on its behalf.

3See, for instance, Shapiro and Willig (1990). The U.S. Guidelines for Collaborations define agreements
of a type that always or almost always tends to raise price or reduce output as per se illegal. Werden
(1998) has observed that the only per se illegal joint ventures are those that are merely cartels which
involve no efficiency-enhancing integration.
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In this manuscript, we make a positive comparison of the potential competitive im-

pact of production collaboration with that of a horizontal merger between two firms in an

oligopoly setting. In seeking a better understanding of production joint ventures, we find

that under reasonably general conditions, the treatment of production joint ventures as

mergers could lead antitrust practitioners to approve anti-competitive collaborations. Im-

plicit in our analysis is the idea that the mechanics behind a production collaboration and

the potential anti-competitive harms they entail can be markedly different from those un-

derlying a horizontal merger and may call for a significantly different antitrust treatment.

This point has been recognized by antitrust authorities around the world notwithstanding

the more lenient treatment of joint ventures, and explains the development of antitrust

guidelines to deal with collaborations which are separate from those used to evaluate hor-

izontal mergers. At the same time, in order to facilitate a meaningful comparison, we are

careful to set up a model of collaboration that preserves the same product space, costs

and timing as that observed in the horizontal merger alternative.

To add structure to our analysis, we focus on production joint ventures in which the

outcome of collaboration is a product that is transferred to participants for indepen-

dent marketing or used by them as an input in the autonomous production and retail of

downstream products. Such “input” collaboration is an exceedingly common method of

organization in various industries. Examples of input joint ventures include collaborations

between automobile manufacturers who set up joint manufacturing facilities to produce

automobile components or complete automobiles branded separately with each partners’

marque; mobile wireless communication providers who jointly operate communications

networks, but offer distinct service bundles; and petroleum companies that share crude oil

refining facilities but separately market and distribute fuel.4

4For instance, consider the AutoAlliance joint ventures between Ford and Mazda Motor Companies,
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In the model below, we show that two firms competing in differentiated substitute

products who also face an additional oligopolistic competitor would prefer to collaborate

via a symmetric input joint venture and continue to compete downstream than to merge

completely.5 Unlike a horizontal merger, which affects profits and prices by internalizing

downstream competition between the merging products, the input joint venture achieves

higher industry profits via the upstream input price. The joint venture can replicate the

outcome of a horizontal merger by raising the input price sufficiently above cost. But it

can yield even higher profit by using the input price strategically to soften competition

with an outside rival.

Softening competition entails setting an input price above one that would replicate a

merger if downstream competition is in strategic complements and below it if downstream

competition is in strategic substitutes, which leads to higher prices (and hence lower con-

sumer and total welfare) when competition is differentiated Bertrand, but lower prices

(and potentially higher welfare) when competition is differentiated Cournot. The mecha-

nism that leads a joint venture to soften competition is reminiscent of the price increasing

influence that vertical separation has on rival firms (e.g., see Bonanno and Vickers, 1988).

However, crucially, vertical separation is absent in our model—the input pricing decision is

made directly by the joint venture partners, not delegated to an upstream input producer.

Surprisingly, when demand is linear, we find that Cournot prices remain higher for

all firms than Bertrand prices. That is, the pricing results obtained by Singh and Vives

the Everything Everywhere mobile network operated by Deutsche Telekom and Orange S.A. (which may
alternatively be argued to be a merger), and Singapore Refining Company, which is shared by Chevron
Corporation and Singapore Petroleum Company. Numerous additional examples are provided by Morasch
(2000b), Chen and Ross (2003), and Rossini and Vergari (2011).

5Product differentiation serves two important purposes: (i) it allows us to accommodate evolving trends
in antitrust policy away from a focus on market concentration and toward more direct indicators of the
consequences of firm interactions (see for instance, the U.S. Horizontal Merger Guidelines, 2010, §6.1;
Baker and Shapiro, 2008; and Farrell and Shapiro, 2010) and (ii) it avoids the paradoxical results present
in homogeneous good oligopoly—marginal cost pricing in Bertrand; unprofitable mergers in Cournot (see
Shapiro, 1989 and Salant et al., 1983).

3



(1984) and Vives (1985) persist in spite of the direction of prices in a joint venture relative

to a horizontal merger under price and quantity competition.

Much of the literature on production collaboration has focused on the study of output

production. The most frequently adopted approach to modeling output joint ventures

treats them as partial equity interests in existing producers (e.g., see Farrell and Shapiro,

1990) or newly formed production units (Kwoka, 1992). Partial equity interests may be

silent, but can also entitle owners to partial or even complete control over other producers.

Reynolds and Snapp (1986) have shown that silent equity interests can align firm incentives

to such an extent that they may achieve the same effect as a horizontal merger. It has also

been shown that when partial equity interest entitles a firm with full operational control

of a competing producer, prices and possibly joint profits may exceed those of a horizontal

merger between the two competitors (Foros et al. 2011). However, a full control scenario

does not strictly fall under the standard definition of competitor collaboration because like

a horizontal merger, it eliminates all competition between competitors, and is therefore

more likely to draw the ire of antitrust agencies.6 Bresnahan and Salop (1986) and O’Brien

and Salop (2000) explore the various scenarios involving partial control and generally find

that the effects on concentration fall below those of a horizontal merger.

The competitive implications of input joint ventures have garnered less attention in

the study of industrial organization. The most closely related paper to ours is by Chen

and Ross (2003), who show that a symmetric input joint venture that includes all par-

ticipants in the market can perfectly replicate the profits, prices, and output in a merger

to monopoly. Unlike this manuscript, Chen and Ross only introduce firms outside the

collaboration in a non-strategic way (by varying the elasticity of demand), so there is

6The U.S. Horizontal Merger Guidelines (2010) state that when the agencies determine that a partial
acquisition results in effective control of the target firm, or involves substantially all of the relevant assets
of the target firm, they analyze the transaction much as they do a merger.
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no opportunity for joint venture partners to earn greater than merger profit. Morasch

(2000a) considers endogenous joint venture formation with multiple firms, but his focus is

on determining the ideal size of a collaboration.7 The complications that arise in the joint

venture formation stage of his game restrict him to an analysis of homogenous product

producers facing linear demand. In more recent articles, Cooper and Ross (2009) show

that joint ventures among firms engaged in multimarket competition may facilitate collu-

sion across unconnected markets while Rossini and Vergari (2011) examine the competitive

implications of vertical separation via input joint venture.

The remainder of this manuscript is organized as follows. In Section 2, we lay out

assumptions and set up our general model. Section 3 derives our main results. Section 4

extends our model to a setting with imperfect information regarding the price of the input.

Section 5 applies our methodology to compare counterfactual joint ventures and horizontal

mergers in the U.S. mobile wireless industry. Section 6 concludes. All proofs can be found

in the Appendix.

2 A general model

Three firms indexed 1, 2, and 3 produce imperfectly substitutable goods. In a baseline

scenario without collaboration, every firm is vertically integrated, consisting of a separate

upstream and downstream division. Each upstream division can produce a unit of an

intermediate good at the same constant marginal cost and with no constraints on capacity.

Downstream divisions require one unit of the intermediate good as an input for each

7Input joint ventures have also been analyzed in the context of international trade. In a companion
article, Morasch (2000b) explores conditions under which an input joint venture can replicate a strategic
trade policy intended to increase the profits of oligopolistic firms in international markets. Spencer and
Raubitschek (1996) show that high-cost input joint ventures may be profitable because they can reduce
the import prices paid for key components.
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unit of output that they produce. We assume that downstream divisions have no other

input requirements.8 Let wi denote the input price charged by each upstream division

to its downstream division. Let θi denote the action of the downstream division and let

θ = (θ1, θ2, θ3) be the profile of all downstream actions. Downstream actions may represent

prices, pi or quantities, xi.

On the other side of the market,9 we have a representative consumer who maximizes{
U(x)− p · x : x ∈ R3

+

}
, where U(·) is a symmetric, C3 (differentially) strictly concave

utility on R3
+, which is (differentially) strictly increasing in a non-empty, bounded set

X ⊂ R3
+. The utility maximizing consumer gives rise to an inverse demand function fi

for each good i, which is C2 on the interior of X and decreasing in all its arguments

(∂fi/∂xj < 0 for all j). The system of inverse demands can be inverted to yield direct

demand functions xi = hi(p) which are C2 in the interior of the region of price space for

which demands are positive (denote the region P ). When positive, direct demands are

downward sloping (∂hi/∂pi < 0 for all i) and yield positive cross effects (∂hi/∂pj > 0 for

i 6= j). Additionally, we assume that own effects are larger than cross effects: that is, for

i 6= j, |∂fi/∂xi| > |∂fi/∂xj| and |∂hi/∂pi| > ∂hi/∂pj.

Firms 1 and 2 may be assumed to be parties to a horizontal agreement: either a merger

or a symmetric input joint venture. The horizontal merger preserves both downstream

products, but consolidates all decisions. A joint venture produces and prices the requisite

input to be used by its owners, who evenly split the profits of the collaboration, but

continue to compete against each other downstream. It is assumed that the firm outside

a joint venture is aware of the ownership and financial division between the joint venture

partners.10 Within the joint venture, the input is presumed to be homogenous. It is

8We note that even if other inputs are required for downstream production, as long as the intermediate
good produced by upstream divisions cannot be substituted, our setup is without loss of generality.

9Our formulation of demand follows Vives (1985).
10Firms frequently announce the details of joint ventures and other collaborations to the public.
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further assumed that the input is bought from the joint venture if and only if a firm is

a party to the joint venture, that parties to the joint venture must procure their input

from the collaboration, and that buying from or selling to outside parties is ruled out by

the collaboration contract (e.g., see Morasch, 2000a). Alternatively, following Choi and Yi

(2000), we could suppose that inputs are (symmetrically) specialized, so that it becomes

prohibitively costly for joint venture partners to interact in the input market with non-

partners. In Section 6, we briefly contemplate whether our model would be robust to a

setup where the outside oligopolist may be able to supply the joint venture input to its

partners (a la Ordover et al., 1990).

To keep the analysis simple, we assume that there is no efficiency gain from making a

horizontal agreement. Thus, the marginal cost c of producing the intermediate good does

not change in the event of a merger or joint venture. Although efficiencies stemming from

horizontal collaboration are a major component of antitrust review, our primary focus is

on comparison of the competitive ramifications of a joint venture relative to a horizontal

merger, and not on whether the ultimate agreement turns out to be anti-competitive.

Likewise, we abstract from fixed costs by supposing that additional entry into the market

is not permitted. However, in our simulations in Section 5, we do explore the implications

of varying efficiencies.

For notational ease, firm profits are written as πi whether firms compete in prices or

quantities downstream. Henceforth, the arguments of the profit function will be used

to denote the appropriate competitive scenario: πi(p) for Bertrand, πi(x) for Cournot,

and πi(θ) when an expression might apply to either. Moreover, the arguments will be

suppressed wherever they are self-evident. Regardless of whether we analyze the baseline

or a scenario with a horizontal agreement, we make the following additional assumptions

on firm profits, which should be taken to apply to all p in the interior of P or all x in the
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interior of X as appropriate:

Assumption 1. Firm profits are concave in downstream actions: ∂2πi/∂θ
2
i < 0 for i =

1, 2, 3.

Assumption 2. Downstream, prices are strategic complements and quantities are strategic

substitutes (a la Bulow et al., 1985). That is, for i, j = 1, 2, 3, i 6= j:

∂2πi
∂pi∂pj

> 0 ,
∂2πi
∂xi∂xj

< 0 .

Consider the Jacobian matrix of the vector of own partials of firm profits:

Jθ =



∂2π1

∂θ2
1

∂2π1

∂θ1∂θ2

∂2π1

∂θ1∂θ3

∂2π2

∂θ2∂θ1

∂2π2

∂θ2
2

∂2π2

∂θ2∂θ3

∂2π3

∂θ3∂θ1

∂2π3

∂θ3∂θ2

∂2π3

∂θ2
3


Assumption 3. The following stability relationships hold:

1. The determinant of Jθ, |Jθ|, is negative,

2.
∂2π1

∂θ2
1

∂2π2

∂θ2
2

>
∂2π1

∂θ1∂θ2

∂2π2

∂θ2∂θ1

.

Observe that the first item in Assumption 3 is necessary for the existence of a locally

strictly stable equilibrium while the second item allows us to preserve this stability in

the absence of firm 3. Together, Assumptions 1 and 3 imply that Jθ is negative definite.

The second item in Assumption 3 is used to derive certain comparative static results that

enable us to compare input joint ventures with horizontal mergers. As an alternative, we

could instead rely on the more familiar condition that equal increases in θ1 and θ2 are less

profitable for firm i = 1, 2 the higher its initial action: ∂2πi/∂θ
2
i + |∂2πi/∂θi∂θj| < 0.
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Firms are assumed to play the following two-stage game. In the first stage, firms choose

input prices. In the event that firms 1 and 2 are parties to an input joint venture, the joint

venture chooses a price w that meets the approval of both owners. In the symmetric context

discussed here, this is a price that maximizes each owner’s total profit.11 At this stage,

it may be assumed that any firm that is not party to a joint venture agreement employs

marginal cost input pricing. This is because in the absence of capacity constraints, the

optimal downstream price of a firm with complete ownership and control over its upstream

production facility is invariant to the input price set by that facility (as long as inputs

are not substitutable across firms). At stage two, after learning the input prices, all

downstream firms compete against each other by choosing their actions θi.

The equilibrium concept used to solve the two-stage game is subgame perfect Nash

equilibrium. When firms 1 and 2 form a joint venture, absent a market for inputs, the

assumption that the outside firm learns the input price set by the joint venture may be

overly strong. In Section 4, we will explore the robustness of our main result in the

imperfect information scenario where firm 3 does not learn the input price before stage

two competition ensues.

3 Bertrand and Cournot equilibria

3.1 Downstream competition

We begin by analyzing the stage two equilibrium when firms 1 and 2 form a joint venture.

Given an input price w, firms choose their actions to maximize profits. When firms

compete in prices downstream, the profits of firm i = 1, 2 are:

11This is in contrast to upstream profit only, which the joint venture would maximize if the collaborators
delegated the input pricing decision to it a la Bonanno and Vickers (1988). We assume this is not the
case in our model.
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πi(p) = (pi − w)hi(p) +
w − c

2
[h1(p) + h2(p)] (1)

Observe that firm i derives profits from selling its output downstream as well as from its

share of the joint venture (though we do not assume that w ≥ c). Firm 3’s profit equation

is given by π3(p) = (p3 − c)h3(p), where the input price set by its upstream division falls

out. Similarly, when firms compete in quantities downstream, the profits of firm i = 1, 2

are:

πi(x) = [fi(x)− w]xi +
w − c

2
(x1 + x2) (2)

while firm 3’s profit becomes π3(x) = [f3(x)− c]x3.

Let gθ = (∂π1/∂θ1, ∂π2/∂θ2, ∂π3/∂θ3). The first-order conditions to firms’ profit max-

imization problems in, respectively, the Bertrand and Cournot competitive scenarios be-

come:

gp (p, w)=


h1+(p1 − w) ∂h1/∂p1+(w − c) (∂h1/∂p1+∂h2/∂p1)/2

h2+(p2 − w) ∂h2/∂p2+(w − c) (∂h1/∂p2+∂h2/∂p2)/2

h3 + (p3 − c)∂h3/∂p3

=


0

0

0

 (3)

gx (x, w) =


(∂f1/∂x1)x1 + f1 − w + (w − c)/2

(∂f2/∂x2)x2 + f2 − w + (w − c)/2

(∂f3/∂x3)x3 + f3 − c

 =


0

0

0

 (4)

From this point forward, we restrict w to an open, bounded set, Wp or Wx in R, such

that Assumptions 1, 2, and 3 apply to Bertrand or Cournot competition, respectively.

Thus, firm reaction functions as specified by Expressions (3) or (4) lead to a strictly stable

equilibrium in prices or quantities, respectively. For a given w ∈ Wθ, we denote the

equilibrium action of firm i as a function of w, θi(w). The following Lemma provides the

comparative statics of firm actions with respect to w.
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Lemma 1. Suppose that firms 1 and 2 collaborate in a symmetric input joint venture. If

Assumptions 1, 2, and 3 hold, then:

1. Under downstream Bertrand competition, equilibrium prices increase in w.

2. Under downstream Cournot competition, the equilibrium quantities of firms 1 and 2

decrease in w and the equilibrium quantity of firm 3 increases in w.

Although the proof of this lemma is somewhat involved, the intuition is straightforward.

Higher input prices make it more costly to produce downstream. When downstream

competition is Bertrand, this causes the joint venture partners’ equilibrium prices to rise

and because prices are strategic complements, the outside firm responds in kind. When

downstream competition is Cournot, this causes the joint venture partners’ equilibrium

quantities to fall while the outside firm, whose production costs are effectively unchanged,

takes advantage of the opportunity by producing more.

Before we move on to analyze the first stage, it is worthwhile to set up the downstream

game in the event of a horizontal merger between firms 1 and 2. The merged firm’s

Bertrand profit equation is πM(p) = (p1 − c)h1(p) + (p2 − c)h2(p) and its Cournot profit

equation is πM(x) = [f1(x)− c]x1 + [f2(x)− c]x2. The profit functions for firm 3 remain

the same as in the joint venture scenario.

Let gM
θ represent the vector of own partials of firm profits in the horizontal merger

scenario. Then, the first-order conditions in, respectively, the Bertrand and Cournot

competitive scenarios become:

gM
p (p, w) =


h1 + (p1 − c)∂h1/∂p1 + (p2 − c)∂h2/∂p1

(p1 − c)∂h1/∂p2 + h2 + (p2 − c)∂h2/∂p2

h3 + (p3 − c)∂h3/∂p3

 =


0

0

0

 (5)
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gM
x (x, w) =


(∂f1/∂x1)x1 + f1 − c+ (∂f2/∂x1)x2

(∂f1/∂x2)x1 + (∂f2/∂x2)x2 + f2 − c

(∂f3/∂x3)x3 + f3 − c

 =


0

0

0

 (6)

Observe that the gM
θ are only artificially functions of w, which in this case could be

interpreted as the input price paid by the downstream divisions of the horizontally merged

firm. As is always the case for firm 3, the merged firm’s input prices cancel out of the

profit equation such that this scenario could properly be analyzed as a single-stage game

with marginal cost input pricing. The two-stage setup preserves the timing of the game

across the joint venture and horizontal merger scenarios.12

Assuming that c ∈ Wθ, Assumptions 1, 2, and 3 apply, such that the firm reaction

functions specified by Expressions (5) or (6) lead to a strictly stable equilibrium in prices

or quantities, respectively. We denote the equilibrium action with regard to product i

(where the merged firm controls products 1 and 2), θMi .

3.2 Setting the input price

In the joint venture scenario, substituting p(w) into Equation (1) and x(w) into Equa-

tion (2) yields firm i’s (i = 1, 2) stage one Bertrand and Cournot profit functions, denoted

πi(p(w)) and πi(x(w)), respectively. Our symmetry assumptions imply that were the joint

venture under the complete operational control of one of the firms (with profits split ex-

actly as before), assuming price discrimination across downstream divisions is not allowed,

that firm’s profit function would be precisely the same as the profit function of its silent

joint venture partner. Consequently, both firms would agree to the same input price, such

12In principal, our two-stage setup in the horizontal merger and baseline scenarios result in a multiplicity
of equilibria with respect to the input prices across which all firms are indifferent. As a tie-breaking rule,
we assume marginal cost input pricing, which is implicit in the single-stage game.
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that either first-order condition dπi(θ(w))/dw = 0, i = 1, 2, suffices to determine the

equilibrium input price, w∗.

Because our objective is to assess the competitive effects of a production joint venture

relative to those of a horizontal merger, before examining the solution for w∗, it will aid

the exposition to consider the joint venture’s best response when firm 3 fixes its action to

one that would prevail in the horizontal merger scenario. We define the equilibrium input

price that prevails in this situation as w̄.

Proposition 1. Suppose that firms 1 and 2 collaborate in a symmetric input joint venture

and suppose that firm 3’s action is fixed at θM3 . Then, the equilibrium input price, w̄, is

such that θi(w̄) = θMi for i = 1, 2, 3 and π1(θ(w̄)) + π2(θ(w̄)) = πM(θM).

Proposition 1 states that when firm 3’s action is fixed as if it were in the horizontal

merger scenario, the joint venture optimally prices the input to replicate the horizontal

merger outcome. As shown in Appendix A, mathematically this results because our sym-

metry assumptions imply that when dθ3(w)/dw = 0, the first order condition in the joint

venture scenario boils down to the one following a horizontal merger. This is very similar

to the main result obtained by Chen and Ross (2003), who show that an industry wide

joint venture whose partners compete in prices downstream allows the partners to achieve

the monopoly outcome by committing to an input price above marginal cost. As can be

seen when substituting p(w) into Equation (1), the commitment is facilitated by each

collaborator’s ability to directly profit from increases in their joint venture partner’s input

prices, coupled with the need to pay a higher w. As Chen and Ross point out, when w is

increased above c, the optimal prices charged by both firms rise. Even taking into account

the fact that half the joint venture’s profits will be returned to it, firm i still pays more for

its inputs when w increases, and so it buys less. At w̄, the joint venture achieves the same

outcome that a horizontal merger attains by internalizing downstream competition. Note,
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however, that the monopoly outcome is not obtained in Proposition 1 because even though

firm 3 does not behave “strategically,” it remains outside of the horizontal agreement. As

a result, there may be room for improvement.

When firm 3 acts like a standard oligopoly competitor, the input price paid by the

joint venture partners (or in the case of imperfect information, firm 3’s beliefs regarding

that price) influences its action. Firms 1 and 2 recognize this effect and consider it when

setting w. From Lemma 1 we know that firm 3’s equilibrium action always rises in w. Be-

cause this increase affects the joint venture partners differently when actions are strategic

complements from when they are strategic substitutes, for the remainder of this section it

will aid clarity to consider downstream Bertrand and Cournot competition in turn.

Proposition 2. Suppose that firms 1 and 2 collaborate in a symmetric input joint venture

and firms compete in prices downstream. In equilibrium, w∗ > w̄ and pi(w
∗) > pMi ,

i = 1, 2, 3. Additionally, π1(p(w∗)) + π2(p(w∗)) > πM(pM) and π3(p(w∗)) > π3(pM).

From Proposition 1, we know that collaborators can exploit the commitment power in-

herent in a higher input price to achieve the same effect attained by complete consolidation

of downstream pricing decisions. Moreover, partners to a joint venture also understand

that the input price matters to an outside oligopolist as well, via its effect on joint venture

partners’ downstream prices. Because downstream prices are strategic complements, the

joint venture partners realize that firm 3 responds to a higher input price (which leads the

collaborators to set higher downstream prices) with a higher downstream price. There-

fore, although setting the input price above one that causes the joint venture to replicate

a horizontal merger would lead to an unprofitable decline in the quantities of products

1 and 2 demanded absent an outside oligopolist, the effect that an increase in firm 3’s

price has on the demand for products 1 and 2 makes an input price higher than w̄ worth-

while. Unlike the joint venture, a horizontal merger cannot use the input price to soften
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competition between the partner firms and firm 3 because, as we have discussed following

Expressions (5) and (6), the merger’s downstream prices are invariant to w.

An informative means to capture the impact that firm 3’s reaction has on the equilib-

rium prices of joint venture partners 1 and 2 is by writing firm i’s stage one first-order

condition in terms of a price-cost margin. In particular, by employing our symmetry

assumptions, we can write the first-order condition for firm i 6= j = 1, 2 as:

pi(w
∗)− c

pi(w∗)
=

1

εi|p(w∗) − εij|p(w∗) − εi3|p(w∗)
pi(w

∗)

p3(w∗)

[
dp3(w)

dw

/dpi(w)

dw

]∣∣∣∣
w∗

(7)

where firm i’s own-price elasticity of demand is εi = − (∂hi/∂pi) (pi/hi) and firm i’s cross-

price elasticity with respect to the price of firm j 6= i is εij = (∂hi/∂pj) (pj/hi).

The horizontal merger counterpart to Equation (7) is (pMi −c)/pMi =
(
εi|pM − εij|pM

)−1
.

It can now be observed that whereas the input price is present in Equation (7), it does not

affect equilibrium downstream prices in the horizontal merger scenario. From Lemma 1,

we know that dpi/dw > 0 for all i and that consequently,

pMi − c
pMi

<
1

εi|p(w̄) − εij|p(w̄) − εi3|p(w̄)
pi(w̄)

p3(w̄)

[
dp3(w)

dw

/dpi(w)

dw

]∣∣∣∣
w̄

(8)

where we use pMi = pi(w̄) on the right-hand side. The crux of the proof of Proposition 2

(see Appendix A) is in showing that the right-hand side in Equation (7) is greater than the

right-hand side in Inequality (8), such that the joint venture equilibrium price-cost margin

is higher than that of a horizontal merger. Equation (7) shows that the relative difference

in the price-cost margins between the two scenarios increases when firms produce closer

substitutes (i.e., large εi3) and when firm 3’s downstream price is more responsive to that

of firm i.

Proposition 3. Suppose that firms 1 and 2 collaborate in a symmetric input joint venture
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and firms compete in quantities downstream. In equilibrium, w̄ > w∗ and xi(w
∗) > xMi ,

i = 1, 2 whereas xM3 > x3(w∗). Additionally, π1(x(w∗)) + π2(x(w∗)) > πM(xM) whereas

π3(xM) > π3(x(w∗)).

As is the case with Bertrand competition, the joint venture partners know that the

input price affects firm 3’s downstream action. However, because quantities are strategic

substitutes, firm 3 responds to the higher quantities produced by the collaborators when

the joint venture lowers the input price by lowering its own quantity. Thus, under Cournot

competition, the joint venture profitably sets its input price below w̄ in order to induce

the outside oligopolist to produce less.

In contrast to the Bertrand outcome, where higher prices lead to diminished consumer

and total welfare in the joint venture scenario relative to the horizontal merger, the welfare

consequences are ambiguous under Cournot competition downstream. Because the joint

venture increases its own output relative to the horizontal merger while decreasing that of

the outside competitor, total welfare depends on the curvature of demand. In order that

we may calculate explicit solutions and fully characterize our equilibria, we next present

a fully specified model of competition using linear demand.

3.3 A linear example

Consider our general model with the following quadratic utility specification:

U (x) = α (x1 + x2 + x3)− κ
(
x2

1 + x2
2 + x2

3

)
/2− β (x1x2 + x1x3 + x3x2) (9)

where α, κ, and β are positive and κ > β. This utility function gives rise to a linear

demand structure with the inverse demand for product i given by:

pi = α− κxi − β
∑
j 6=i

xj (10)
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in the region of X where prices are positive. Solving the system of 3 inverse demand

equations for i = 1, 2, 3 yields the direct demand for product i in the region of P over

which quantities are positive:

xi = a− kpi + b
∑
j 6=i

pj (11)

where we write α = a/(k−2b), κ = (k− b)/ [(k + b)(k − 2b)], and β = b/ [(k + b)(k − 2b)],

and where a, k, and b are positive and k > 2b. In addition to our utility assumptions,

without loss of generality, suppose that the marginal cost c is zero.

Working backwards, given an input price wp ∈ Wp or wx ∈ Wx, we can solve firms’ first-

order conditions under Bertrand (Expression (3)) or Cournot (Expression (4)) competition,

respectively to yield firms’ conditional equilibrium actions. Specifically, for i = 1, 2 these

are

pi(wp) =
a

2(k − b)
+

k(k + b)wp
2(2k + b)(k − b)

,

p3(wp) =
a

2(k − b)
+

b(k + b)wp
2(2k + b)(k − b)

(12)

under Bertrand competition and

xi(wx) =
α

2(κ+ β)
− κwx

2(2κ− β)(κ+ β)
,

x3(wx) =
α

2(κ+ β)
+

βwx
2(2κ− β)(κ+ β)

(13)

under Cournot competition. Because firms 1 and 2 can profit from their participation in

the joint venture as well as from sales downstream whereas firm 3 only profits from the

latter, pi(wp) > p3(wp) for any wp > 0 and conversely, xi(wx) < x3(wx) for any wx > 0.

We can now substitute p(wp) into Equation (1) and x(wx) into Equation (2) to solve

for the equilibrium input prices:

w∗p =
a(2k + b)b

2(k2 − bk − b2)k
, w∗x =

α(κ− β)(2κ− β)β

2(κ2 + κβ − β2)
(14)
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which are both positive given our assumptions on utility. Substituting w∗p and w∗x into

Equations (12) and (13), respectively, we can obtain the joint venture equilibrium prices,

quantities, and profits under Bertrand and Cournot competition.

Proposition 4. Suppose that firms 1 and 2 collaborate in a symmetric input joint venture

and that firms face linear demand. In equilibrium, the combined profits of firms 1 and 2

are higher than the profits of a horizontal merger between firms 1 and 2. Additionally:

1. Under downstream Bertrand competition, the equilibrium profit and quantity of firm

3 and all prices are higher than in the horizontal merger scenario. The quantities of

products 1 and 2 and total and consumer welfare are lower.

2. Under downstream Cournot competition, the equilibrium quantities of firms 1 and 2

and total and consumer welfare are higher than in the horizontal merger scenario.

All prices, as well as the profit and quantity of firm 3 are lower.

As stated in Proposition 2, under Bertrand competition downstream, every price is

higher in the joint venture scenario. However, when demand is linear, it turns out that

in spite of its higher price, firm 3 produces more in the event of a joint venture between

firms 1 and 2 than in the case of a merger. The joint venture partners set the input price

so far above that which would replicate a horizontal merger that their downstream prices

become sufficiently high to permit firm 3 to gain customers at its own higher price. In

contrast, when downstream competition is Cournot, firms 1 and 2 sell more at a lower

downstream price than they would had they merged. Firm 3 sells less, but also at a lower

price. The input price set by the joint venture raises the quantities sold by firms 1 and

2 to such an extent that firm 3’s quantity decline is insufficient to offset the price decline

precipitated by its competitors. As a result, unlike in the case of Bertrand competition,

firm 3 is worse off with the joint venture than with the horizontal merger.
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A well known result in oligopoly theory is that for a utility representation conforming to

certain regularity conditions, Cournot competition among sellers of imperfect substitutes

leads to higher firm profits and prices than differentiated Bertrand competition (e.g., Singh

and Vives, 1984). This occurs because Cournot competitors perceive demand to be less

elastic than Bertrand competitors given the actions of rival firms. The result is not robust

across all competitive scenarios (for instance, Arya et al., 2008, show that the results may

be reversed when the production of key inputs is outsourced to a vertically integrated

retail competitor) and in light of our findings in Propositions 4, one might expect the

pricing result to fail in the event of the joint venture scenario analyzed in this manuscript.

As the next proposition shows, when demand is linear, this turns out not to be the case.

Proposition 5. Suppose that firms 1 and 2 collaborate in a symmetric input joint ven-

ture and that firms face linear demand. Then in equilibrium, all firm profits and prices

are greater under Cournot competition than under Bertrand competition. The quantities

produced by firms 1 and 2 are greater under Cournot competition and the quantity of firm

3 is lower.

Proposition 5 states that a comparison of profits and prices across the Bertrand and

Cournot joint venture scenarios shows that the result of Singh and Vives (1984) persists

(for all firms). Conversely, contrary to the linear result of Singh and Vives, the quantities

produced by the joint venture partners are greater under Cournot competition.

4 Imperfect information

Unless the joint venture announces the price of its input, the assumption that the outside

firm learns the input price set by the joint venture prior to downstream competition may

not be reasonable. The benefit of this assumption was that it allowed us to refine the
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equilibrium of our game using subgame perfection. Without it, the game can no longer be

characterized as a continuous game of almost perfect information (as defined by Harris et

al., 1995), and every Nash equilibrium turns out to be subgame perfect. As such, certain

equilibria that are undesirable to the the joint venture partners (because they are Pareto

dominated by the equilibrium that prevails in the game of almost perfect information) are

nevertheless subgame perfect.

For example, consider the Nash equilibrium where the joint venture sets the input price

to c and each firm plays pi(c), i = 1, 2, 3, for every value of w set in the first stage. This

equilibrium leads to the outcome that prevails in the absence of collaboration—that is, the

standard differentiated Bertrand outcome in a game with three vertically integrated firms.

The equilibrium is indeed Nash—when firms play pi(c) regardless of w, the joint venture

has no alternative better than to play c, and by definition pi(c) is a best downstream

response to c. However, in the game of almost perfect information, this equilbrium is not

subgame perfect because pi(c) is not a best response to any subgame off the equilibrium

path. In a game where the outside firm does not learn the joint venture input price,

henceforth referred to as a game of imperfect information, we would like to rule out such

“undesirable” equilibria without needing to appeal to Pareto dominance.

Although further refinement is one sensible approach to dealing with imperfect infor-

mation, a rigorous treatment of equilibrium refinement in continuous action games such as

ours is beyond the scope of this manuscript.13 Instead, we consider a reasonable, simple

extension of the two stage game to rule out equilibria where the joint venture partners

would be worse off than they would be had they merged. Because we are mainly concerned

with collaborations that are more profitable than horizontal mergers, but also socially less

13In Appendix B, we loosely outline a set of strategies and beliefs that lead to a sequential equilibrium
that induces the outcome that prevailed in the game of almost perfect information, but we do not attempt
to determine whether this sequential equilibrium is unique.

20



desirable, for the remainder of this manuscript we will focus on downstream competition

in prices. In particular, we modify the setup in Section 2 in two ways, (i) by assuming

imperfect information regarding the input price and (ii) by adding a preliminary stage in

which firm 1 determines whether to collaborate in a joint venture with firm 2 or to consol-

idate in a horizontal merger with firm 2 and evenly split the resulting profit. Suppose that

all firms know firm 1’s stage one decision prior to stage two, at which point they proceed

with either the imperfect information variant of the original joint venture or horizontal

merger game. This extension endogenizes the collaborative decision made by the firms.14

Proposition 6. Suppose that firms compete in prices downstream. In a pure strategy equi-

librium of the extended game of imperfect information, whenever firms 1 and 2 collaborate

in a symmetric input joint venture on the equilibrium path, w∗ ≥ w̄ and pi(w
∗) ≥ pMi ,

i = 1, 2, 3. Additionally, π1(p(w∗)) + π2(p(w∗)) ≥ πM(pM) and π3(p(w∗)) ≥ π3(pM).

Even though the extended game is one of imperfect information regarding the input

price, the extension allows us to rely on subgame perfection to compare a joint venture

with a horizontal merger. The result is a weakening of Proposition 2, in which the merger

nonetheless, never outperforms the joint venture in instances where a joint venture is

formed.

5 A simulation of the U.S. wireless industry

In order to make our general model mathematically tractable, we previously imposed a

number of simplifying assumptions. In particular, we supposed an ex-ante symmetric

14Because of our assumptions on firms and consumers, the extension turns out to be without loss of
generality with regard to whether firm 1 or 2 determines the method of cooperation and to a variety
of decisions made by the initial decision making firm’s partner. For instance, the result that follows is
substantially unaltered by giving firm 2 the option to publicly reject firm 1’s decision.
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oligopoly with three firms. We further assumed that ex-post, neither a joint venture, nor

a horizontal merger leads to any efficiency gains. In order to show that our methodol-

ogy has practical application beyond the three firm symmetric case, we simulate here a

counterfactual 50-50 input joint venture between AT&T and Verizon Wireless, the two

largest competitors in the U.S. mobile wireless communications industry. We compare our

results to an alternative counterfactual horizontal merger that leads to the same level of

efficiencies to show that the input joint venture may lead to an anti-competitive outcome,

even when the horizontal merger does not.

Providers of mobile wireless services offer an array of mobile voice and data services,

including interconnected mobile voice services, text and multimedia messaging, and mobile

broadband Internet access services.15 As of year-end 2011, there were four facilities-based

mobile wireless service providers in the United States that industry observers typically

described as “nationwide,” four multi-regional and multi-metro service providers, and

dozens of regional and local providers.16 Service providers rely on inputs such as spectrum,

towers, network equipment, and backhaul facilities to transmit voice and/or data via

mobile devices to consumers.

In order to simulate counterfactual scenarios for this industry, we first calibrate demand

using the simple approach applied by the Federal Communications Commission in its staff

analysis of AT&T’s unsuccessful attempt to acquire rival service provider, T-Mobile.17

We then use the calibrated demand parameters to simulate a counterfactual horizontal

15See the Federal Communications Commission’s Sixteenth Annual Mobile Wireless Competition Report
(“Sixteenth Report”), ¶ 19. Mobile wireless services also include machine-to-machine connections for fleet
management systems, smart grid devices, vehicle tracking, home security systems, and other telematics
services.

16See Sixteenth Report, ¶¶ 26-28 and Tables 11-13. As of March 2014, the only multi-regional provider
that had not been acquired by a nationwide provider was US Cellular. See Baker et al. (2014).

17See Federal Communications Commission Staff Analysis and Findings (2011). AT&T formally ended
its bid to acquire T-Mobile in December 2011, following findings by the Department of Justice and Federal
Communications Commission that the merger would likely result in significant harms to competition.
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merger and alternative input joint venture between AT&T and Verizon Wireless. The

joint venture counterfactual supposes that the two service providers combine their spec-

trum and network inputs, but continue to compete separately in all their downstream

segments.18 For simplicity, we suppose that all variable costs are borne by joint venture

partners’ upstream segment. As we note below, the relaxation of this assumption would

only strengthen the implications of our simulation.

The FCC’s calibration assumes Bertrand differentiated products competition where

each of five firms facing linear demand is assumed to produce a single good in each period at

constant marginal cost.19 The five firms consist of the four nationwide service providers—

AT&T, Sprint, T-Mobile, and Verizon Wireless—along with a firm composed of all other

firms and denoted as “Other.”20 In order to calibrate the demand parameters we require

data on firm prices, quantities of output and price-cost margins. Furthermore, to calculate

cross-price elasticities, we either need data on customer diversion (see Werden, 1996) or

a suitable proxy (see Farrell and Shapiro, 2010). Our data was primarily obtained from

service provider SEC filings and is described in more detail in Appendix B.21 We can solve

for bij, the slope parameter on the price of good j in the demand equation of firm i using

the relationship bij = εijxi/pj and the first order condition for each service provider’s profit

18The Commission approved a similar, albeit asymmetric joint venture between two Alaskan service
providers in 2013. See Baker et al. (2014).

19Competition among various input segments (e.g., among owners of towers or backhaul) remains un-
modeled, as is downstream market segmentation (e.g., between retail subscribers and business subscribers).
Similarly, we treat AT&T’s and Verizon’s wireline segments as independent from wireless and do not
consider them here. Moreover, our data is insufficient for us to consider regional or local variation in
competition.

20We believe that the composite of all other firms to be more appropriate than the independent treatment
of non-nationwide providers. Mobile wireless consumers search for providers in local areas where they live,
work and travel. The total number of providers in the United States far exceeds the number of providers
that compete in any single local area and most non-nationwide providers do not compete with each other
in the majority of local geographic markets. For instance, as of December 2011, only 19 percent of Cellular
Market Areas in the United States contained five or more providers with at least five percent market share.
See Sixteenth Report, ¶ 58 and Table 10.

21We corroborate and supplement some of the data using the Sixteenth Report.
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maximization. The intercepts then obtain directly from providers’ demand equations.

Table 1: Post-Transaction Price Changes1,2

Transaction MC3 AT&T VZW Sprint TM Other Profits

Merger ×1 23.3% 23.4% 7.1% 11.2% 10.2% 33.5%
JV ×1 46.4% 47.0% 14.1% 22.4% 20.4% 60.9%

Merger ×2/5 -0.2% 0.2% 0.0% 0.0% 0.0% 96.8%
JV ×2/5 28.0% 28.8% 8.6% 13.6% 12.4% 135.5%

Merger ×0 -15.9% -15.2% -4.7% -7.4% -6.8% 145.8%
JV ×0 15.7% 16.6% 4.9% 7.8% 7.1% 185.5%

1Percentages represent price or profit changes in proportion to pre-transaction prices or
profits, respectively.

2Verizon Wireless (VZW); T-Mobile (TM).
3Marginal Cost (MC) adjustments are applied only to AT&T and Verizon Wireless.

After calibrating demand parameters we simulate a horizontal merger or joint venture

between AT&T and Verizon Wireless using essentially the approach applied in Subsec-

tion 3.3, but with the demand and marginal cost symmetry assumptions relaxed and with

three oligopoly competitors outside the horizontal agreement in place of one. Table 1

displays the percent price changes following a number of collaboration/consolidation sce-

narios as a proportion of the pre-transaction prices. It also displays the percent joint

profit changes for the collaborating/consolidating firms. Not surprisingly, in our model,

the merger of two service providers that together comprise almost two-thirds of the market

leads to significant price increases absent any reductions in marginal costs. For instance,

as shown in Table 1, absent efficiencies, the merger simulation predicts price increases of

approximately 23 percent for both AT&T and Verizon Wireless. What is striking is the

sizable increase in prices following the joint venture: approximately 46 and 47 percent

for AT&T and Verizon Wireless, respectively. Moreover, even if we were to reduce the

collaborator partners’ marginal costs to approximately two-fifths of their original level,

such that a horizontal merger would not entail an increase in prices, a joint venture would
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nevertheless lead to significant price gains for all firms. In fact, as seen in the last row in

Table 1, price gains persist even when we reduce the marginal costs of AT&T and Verizon

Wireless to zero, in which case a merger would lower prices. This finding is particularly

stark because we have not assumed any downstream marginal costs for the joint venture

partners. The relaxation of this assumption could lead to an even greater difference be-

tween the competitive effects following a horizontal merger and those following a joint

venture.

6 Conclusion

We have shown that, contrary to conventional wisdom, a production joint venture that

preserves downstream competition between collaborators can be more profitable than a

horizontal merger that consolidates all decision making authority. Unlike in a horizontal

merger, because joint venture partners enjoy a layer of autonomy, they react to changes

in the input price set by the collaboration and take advantage of the fact that their com-

petitors do so as well. This leads the joint venture to treat the input price strategically—

something a horizontal merger cannot do—for greater profit.

As is true with many other phenomena in oligopoly theory, the relative welfare con-

sequences depend on whether downstream actions are strategic complements or strategic

substitutes. This suggests that antitrust agencies concerned about a joint venture need

to take into account their beliefs about the type of competition that occurs downstream.

Our manuscript suggests that the agencies should be particularly attentive if they believe

that downstream competition is characterized by price-setting for imperfect substitute

products because in this case consumer welfare can decline more than if the competitors

merged. Moreover, our results do not depend on vertical separation, meaning that double
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marginalization is not the driving force behind price increases. Vertical separation between

the upstream joint venture and the partner firms might lead to even higher prices than we

have observed, albeit likely by sacrificing profits.

In our analysis, we largely abstracted from an investigation of the potential efficiency-

enhancing effects of consolidation or collaboration. If we believe that a horizontal merger

is able to better integrate its costly processes than a production joint venture, then the

collaboration’s profitability advantage diminishes, but its potentially detrimental welfare

impact rises relative to that of a merger. On the other hand, if the lack of integration is a

sign that the joint venture has a termination point in the foreseeable future, it should be

considered less of a concern than a merger.

Our comparison of input production joint ventures and horizontal mergers is by no

means exhaustive. For instance, throughout we have supposed that inputs are purchased

from the joint venture if and only if a firm is a party to the joint venture. We believe that

this is a reasonable assumption that holds under many circumstances, even when inputs

are effectively homogeneous—such as in our automobile assembly and wireless network

sharing examples. Nonetheless, suppose to the contrary that outside firm 3 were to stand

ready to supply the input to firms 1 and 2 at some input price w3 < w. For w3 sufficiently

low, a joint venture partner firm might wish to cheat on its arrangement by purchasing

from firm 3. Whether it does so depends on the difference between w and w3 as well

as on the consequences of cheating.22 In a setup where the punishment for cheating is

low or cheating is difficult to detect, the ability of a joint venture to lessen competition

may be diminished. In this setup, pinning down which combination(s) of w and w3 are

subgame perfect appears to us a difficult exercise, though one of potential interest to

22A joint venture partner caught purchasing from firm 3 might have to relinquish profits earned from the
collaboration as punishment. When demand is linear, we have found that if cheating cannot be concealed,
the threat of such a punishment is sufficient to deter cheating on the equilibrium path for any w3 ∈ [0, w∗].
The results are available upon request.
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antitrust practitioners contemplating conditions on joint venture contracts that could spur

competition.

We have also generally assumed that collaborators are identical and face symmetric

demands. These assumptions allowed us to rely on an equal partnership to avoid potential

input pricing disagreements by the collaborators. Although 50-50 production joint ven-

ture partnerships are a popular form of collaboration, in the real world, we also observe

unequal partnerships. In separate, ongoing research, we have found that asymmetries in

the joint venture structure (which may stem from underlying differences in the firms) can

have important implications to the profitability and welfare consequences of collaboration,

suggesting that an investigation of the ownership arrangement should be a critical part of

any antitrust analysis.

Appendix A

Proof of Lemma 1.

Proof. Let p∗ and x∗, represent the values of p and x such that gp (p∗, w) = 0 and

gx (x∗, w) = 0. Note that gp and gx map from, respectively, int P ×Wp and int X ×Wx

into R3
+. Additionally, define Dwgθ as the column vector of own partials differentiated

with respect to w. That is,

Dwgθ =

(
∂2π1

∂θ1∂w

∂2π2

∂θ2∂w

∂2π3

∂θ3∂w

)T
From our assumptions on utility along with Assumption 3, we know that we can apply

the implicit function theorem to obtain the derivative of firm actions with respect to w.

In particular, θ∗ = θ(w) and θ′(w) = − (Jθ)−1Dwgθ. Observe that (Jθ)−1 = (Cθ)T / |Jθ|

where Cθ is the following cofactor matrix:
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Our symmetry assumptions on utility, marginal costs of production, and the division of

joint venture profits imply that θ∗1 = θ∗2 along with the following equilibrium relationships

on demand and inverse demand:

∂h1

∂p1

=
∂h2

∂p2

,
∂h1

∂p2

=
∂h2

∂p1

,
∂h1

∂p3

=
∂h2

∂p3

,
∂h3

∂p1

=
∂h3

∂p2

∂f1

∂x1

=
∂f2

∂x2

,
∂f1

∂x2

=
∂f2

∂x1

,
∂f1

∂x3

=
∂f2

∂x3

,
∂f3

∂x1

=
∂f3

∂x2

∂2h1

∂p2
1

=
∂2h2

∂p2
2

,
∂2h1

∂p2
2

=
∂2h2

∂p2
1

,
∂2f1

∂x2
1

=
∂2f2

∂x2
2

,
∂2f1

∂x2
2

=
∂2f2

∂x2
1

∂2h1

∂p1∂p2

=
∂2h2

∂p1∂p2

,
∂2h1

∂p1∂p3

=
∂2h2

∂p2∂p3

,
∂2h1

∂p2∂p3

=
∂2h2

∂p1∂p3

,
∂2h3

∂p3∂p1

=
∂2h3

∂p3∂p2

∂2f1

∂x1∂x2

=
∂2f2

∂x1∂x2

,
∂2f1

∂x1∂x3

=
∂2f2

∂x2∂x3

,
∂2f1

∂x2∂x3

=
∂2f2

∂x1∂x3

,
∂2f3

∂x3∂x1

=
∂2f3

∂x3∂x2

Our symmetry assumptions also imply the following profit relationships:
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Applying the profit relationships above to Jθ and Cθ reduces |Jθ| to:

|Jθ| =
[
∂2π3

∂θ2
3

(
∂2π1

∂θ2
1

+
∂2π1

∂θ1∂θ2

)
− 2

∂2π1

∂θ1∂θ3

∂2π3

∂θ3∂θ1

](
∂2π1

∂θ2
1

− ∂2π1

∂θ1∂θ2

)
(15)

and θ′(w) to:
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θ′(w) =



∂2π1

∂θ1∂w

∂2π3

∂θ2
3

/[
2
∂2π1

∂θ1∂θ3

∂2π3

∂θ3∂θ1

− ∂2π3

∂θ2
3

(
∂2π1

∂θ2
1

+
∂2π1

∂θ1∂θ2

)]
∂2π1

∂θ1∂w

∂2π3

∂θ2
3

/[
2
∂2π1

∂θ1∂θ3

∂2π3

∂θ3∂θ1

− ∂2π3

∂θ2
3

(
∂2π1

∂θ2
1

+
∂2π1

∂θ1∂θ2

)]
2
∂2π1

∂θ1∂w

∂2π3

∂θ3∂θ1

/[∂2π3

∂θ2
3

(
∂2π1

∂θ2
1

+
∂2π1

∂θ1∂θ2

)
− 2

∂2π1

∂θ1∂θ3

∂2π3

∂θ3∂θ1

]


Bertrand : The expression for ∂2π1/∂θ1∂w reduces to:

∂2π1

∂p1∂w
=

1

2

(
∂h2

∂p1

− ∂h1

∂p1

)
,

which is positive on P . As a result, from Assumption 1 we know that the numerator in

p′1(w) = p′2(w) is negative whereas from Assumption 2 for Bertrand competition (strategic

complementarity), we know the numerator in p′3(w) is positive. Moreover, Assumptions 1

and 2 imply that the rightmost parenthetical expression on the right-hand side of Equa-

tion (15) is negative so that by Assumption 3, the denominator in p′1(w) = p′2(w) is

negative and the denominator in p′3(w) is positive.

Cournot : The expression for ∂2π1/∂θ1∂w now becomes simply ∂2π1/∂x1∂w = −(1/2).

Therefore, from Assumption 1 and Assumption 2 for Cournot competition (strategic sub-

stitutability), we know that all the numerators in x′(w) are positive. Applying our sym-

metric profit relationships, we can rewrite the inequality found in the second item of

Assumption 3 as: (
∂2π1

∂x2
1

+
∂2π1

∂x1∂x2

)(
∂2π1

∂x2
1

− ∂2π1

∂x1∂x2

)
> 0 (16)

Assumptions 1 and 2 imply that the leftmost parenthetical expression on the left-hand side

of Inequality (16) is negative, which implies the same for the remaining parenthetical ex-

pression in the inequality. Observe that the latter parenthetical expression is the Cournot

variant of the rightmost parenthetical expression on the right-hand side of Equation (15),
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so that according to the first item of Assumption 3, the denominator in x′1(w) = x′2(w) is

negative and the denominator in x′3(w) is positive.

Proof of Proposition 1.

Proof. We approach the proofs for the Bertrand and Cournot scenarios in turn:

Bertrand : When firm 3’s price is constant at pM3 , firm i’s, i 6= j = 1, 2, first-order

condition becomes:

dπi(p(w))

dw
=

dpi
dw

hi +
1

2
(hj − hi) + (pi − w)

(
∂hi
∂pi

dpi
dw

+
∂hi
∂pj

dpj
dw

)
+
w − c

2

[(
∂hi
∂pi

+
∂hj
∂pi

)
dpi
dw

+

(
∂hi
∂pj

+
∂hj
∂pj

)
dpj
dw

]
= 0

(17)

Symmetry implies that in equilibrium, h1 = h2, dp1/dw = dp2/dw, ∂h1/∂p1 = ∂h2/∂p2,

and ∂h2/∂p1 = ∂h1/∂p2. As a result, Equation (17) reduces to:

hi + (pi − c)
(
∂hi
∂pi

+
∂hj
∂pi

)
= 0 (18)

Referring back to Expression (5) and noting that symmetry also implies that pM1 = pM2

(or alternatively, that p1 (w̄) = p2 (w̄)), we see that Equation (18) is equivalent to the

first-order condition for product i in the horizontal merger scenario. Because firm 3’s

price is pM3 by assumption, it follows that pi (w̄) = pMi for i = 1, 2 as well. Further-

more, because pi (w̄) = pMi for i = 1, 2, pM3 turns out to be firm 3’s best response when

the joint venture sets input price w̄, so that we may write p3 (w̄) = pM3 . Consequently,

π1(p(w̄)) + π2(p(w̄)) = (p1 − c)h1(p(w̄)) + (p2 − c)h2(p(w̄)) = πM(pM).

Cournot : The Cournot proof is analogous to its Bertrand counterpart. That is, when

firm 3’s quantity is constant at xM3 , firm i’s, i 6= j = 1, 2, first-order condition becomes:
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dπi(x(w))

dw
=

(
∂fi
∂xi

dxi
dw

+
∂fi
∂xj

dxj
dw

)
xi + (fi − w)

dxi
dw

+
1

2
(xj − xi) +

w − c
2

(
dxi
dw

+
dxj
dw

)
= 0

(19)

Symmetry implies that in equilibrium, x1 (w̄) = x2 (w̄) and dx1/dw = dx2/dw. As a

result, Equation (19) reduces to:

fi − c+ xi

(
∂fi
∂xi

+
∂fi
∂xj

)
= 0 (20)

Referring back to Expression (6) and noting that symmetry also implies that ∂f2/∂x1 =

∂f1/∂x2 and xM1 = xM2 , we see that Equation (20) is equivalent to the first-order condi-

tion for product i in the horizontal merger scenario. Because firm 3’s quantity is xM3

by assumption, it follows that xi (w̄) = xMi for i = 1, 2 as well. Furthermore, be-

cause xi (w̄) = xMi for i = 1, 2, xM3 turns out to be firm 3’s best response when the

joint venture sets input price w̄, so that we may write x3 (w̄) = xM3 . Consequently,

π1(x(w̄)) + π2(x(w̄)) = [f1(x(w̄))− c]x1 + [f2(x(w̄))− c]x2 = πM(xM).

Proof of Proposition 2.

Proof. The change in firm i’s, i 6= j = 1, 2, profit with respect to w can be written:

dπi(p(w))

dw
=

dpi
dw

hi +
1

2
(hj − hi) + (pi − w)

(
∂hi
∂pi

dpi
dw

+
∂hi
∂pj

dpj
dw

)
+
w − c

2

[(
∂hi
∂pi

+
∂hj
∂pi

)
dpi
dw

+

(
∂hi
∂pj

+
∂hj
∂pj

)
dpj
dw

]
+ (pi − w)

∂hi
∂p3

dp3

dw
+
w − c

2

(
∂hi
∂p3

+
∂hj
∂p3

)
dp3

dw

(21)

Symmetry implies that in equilibrium, h1 = h2, dp1/dw = dp2/dw, ∂h1/∂p1 = ∂h2/∂p2,

∂h2/∂p1 = ∂h1/∂p2, and ∂h1/∂p3 = ∂h2/∂p3. As a result, Equation (21) reduces to:

dπi(p(w))

dw
=

[
hi + (pi − c)

(
∂hi
∂pi

+
∂hj
∂pi

)]
dpi
dw

+ (pi − c)
∂hi
∂p3

dp3

dw
(22)

Substituting w̄ into Equation (22) and applying Proposition 1 yields:
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dπi(p(w))

dw

∣∣∣∣
w̄

= (pi − c)
∂hi
∂p3

dp3

dw

∣∣∣∣
w̄

> 0 (23)

where the inequality follows by our assumption that products are gross substitutes and

from the first item in Lemma 1. The inequality in Expression (23) tells us that w̄ does

not lead to an optimum in the complete game so that by definition, πi(p(w∗)) > πi(p(w̄))

for i = 1, 2 and by Proposition 1, π1(p(w∗)) + π2(p(w∗)) > πM(pM).

Now suppose that contrary to the statement of the Proposition, w∗ < w̄. This leads

to the following contradiction:

π1(p(w∗)) + π2(p(w∗)) = πM(p(w∗))

< πM(p1(w∗), p2(w∗), p3(w̄))

< πM(p(w̄))

= πM(pM) < π1(p(w∗)) + π2(p(w∗))

The initial equality follows from symmetry. The first inequality follows from Lemma 1

(whereby w∗ < w̄ implies that p3(w∗) < p3(w̄)) together with gross substitutability. The

remaining relations follow from Proposition 1. We have thus proven that w∗ > w̄. From

Lemma 1 it follows that pi(w
∗) > pMi , i = 1, 2, 3.

It remains to show that π3(p(w∗)) > π3(pM). The change in firm 3’s profit with respect

to w is given by:

dπ3(p(w))

dw
=

dp3

dw
h3 + (p3 − c)

(
∂h3

∂p1

dp1

dw
+
∂h3

∂p2

dp2

dw
+
∂h3

∂p3

dp3

dw

)
= (p3 − c)

(
∂h3

∂p1

dp1

dw
+
∂h3

∂p2

dp2

dw

)
> 0

The second equality follows from firm 3’s second stage first-order condition (see Expres-

sion (3)) and the inequality follows from Lemma 1 together with gross substitutability.

The proof follows from Proposition 1 because w∗ > w̄.

Proof of Proposition 3.
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Proof. The change in firm i’s, i 6= j = 1, 2, profit with respect to w can be written:

dπi(x(w))

dw
=

(
∂fi
∂xi

dxi
dw

+
∂fi
∂xj

dxj
dw

+
∂fi
∂x3

dx3

dw

)
xi

+ (fi − w)
dxi
dw

+
1

2
(xj − xi) +

w − c
2

(
dxi
dw

+
dxj
dw

) (24)

Symmetry implies that in equilibrium, x1 (w∗) = x2 (w∗) and dx1/dw = dx2/dw. As a

result, Equation (24) reduces to:

dπi(x(w))

dw
=

[
fi − c+ xi

(
∂fi
∂xi

+
∂fi
∂xj

)]
dxi
dw

+ xi
∂fi
∂x3

dx3

dw
(25)

Substituting w̄ into Equation (25) and applying Proposition 1 yields:

dπi(x(w))

dw

∣∣∣∣
w̄

= xi
∂fi
∂x3

dx3

dw

∣∣∣∣
w̄

< 0 (26)

where the inequality follows by our assumption that products are substitutes and from

the second item in Lemma 1. The inequality in Expression (26) tells us that w̄ does not

lead to an optimum in the complete game so that by definition, πi(x(w∗)) > πi(x(w̄)) for

i = 1, 2 and by Proposition 1, π1(x(w∗)) + π2(x(w∗)) > πM(xM).

Now suppose that contrary to the statement of the Proposition, w̄ < w∗. This leads

to the following contradiction:

π1(x(w∗)) + π2(x(w∗)) = πM(x(w∗))

< πM(x1(w∗), x2(w∗), x3(w̄))

< πM(x(w̄))

= πM(xM) < π1(x(w∗)) + π2(x(w∗))

The initial equality follows from symmetry. The first inequality follows from Lemma 1

(whereby w̄ < w∗ implies that x3(w̄) < x3(w∗)) together with substitutability. The re-

maining relations follow from Proposition 1. We have thus proven that w̄ > w∗. From

Lemma 1 it follows that xi(w
∗) > xMi , i = 1, 2 and xM3 > x3(w∗).

It remains to show that π3(xM) > π3(x(w∗)). The change in firm 3’s profit with respect
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to w is given by:

dπ3(x(w))

dw
= x3

(
∂f3

∂x1

dx1

dw
+
∂f3

∂x2

dx2

dw
+
∂f3

∂x3

dx3

dw

)
+ (f3 − c)

dx3

dw

= x3

(
∂f3

∂x1

dx1

dw
+
∂f3

∂x2

dx2

dw

)
> 0

The second equality follows from firm 3’s second stage first-order condition (see Expres-

sion (4)) and the inequality follows from Lemma 1 together with substitutability. The

proof follows from Proposition 1 because w̄ > w∗.

Proof of Proposition 4.

Proof. Using Table 2, we can compare prices, quantities, and profits for firms i = 1, 2 and

3 in the joint venture scenario with the corresponding variables had firms 1 and 2 merged

instead when all firms compete in prices downstream. The superscript Mp represents the

merger scenario with downstream Bertrand competition. The results regarding prices,

quantities, and profits are now easily confirmed by comparing each row.

To see that consumer and total welfare are lower in the joint venture scenario than in

the horizontal merger scenario, we substitute the equilibrium quantities in Table 2 into

Equation (9) and rewrite α, κ, and β in terms of a, k, and b. Total welfare is lower in

the joint venture scenario than in the horizontal merger scenario if U
(
x(w∗p)

)
< U

(
xMp

)
.

After some straightforward algebraic manipulation, this inequality reduces to:

−a2b2(2k + b) (16k5 − 32k4b− 20k3b2 + 30k2b3 + 24kb4 + 5b5)

32k (2k2 − 2kb− b2)2 (k2 − bk − b2)2 < 0 (27)

Similarly, consumer welfare is lower in the joint venture scenario than in the horizontal

merger scenario if U
(
x(w∗p)

)
− p(w∗p) · x(w∗p) < U

(
xMp

)
− pMp · xMp , which may be

rewritten as:

−a2b2(2k + b) (16k5 − 16k4b− 28k3b2 + 10k2b3 + 16kb4 + 3b5)

32k (2k2 − 2kb− b2)2 (k2 − bk − b2)2 < 0 (28)
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Table 2: Bertrand Equilibrium: Joint Venture vs. Horizontal Merger

Joint Venture Horizontal Merger

pi(w
∗
p) =

a(2k + b)

4(k2 − kb− b2)
p
Mp

i =
a(2k + b)

2(2k2 − 2kb− b2)

Firm i xi(w
∗
p) =

a(2k + b)

4k
x
Mp

i =
a(2k + b)(k − b)
2(2k2 − 2kb− b2)

πi(p(w∗p)) =
a2(2k + b)2

16k(k2 − kb− b2)
πM(pMp) =

a2(2k + b)2(k − b)
2(2k2 − 2kb− b2)2

p3(w∗p) =
a(2k2 − b2)

4k(k2 − kb− b2)
p
Mp

3 =
ak

2k2 − 2kb− b2

Firm 3 x3(w∗p) =
a(2k2 − b2)

4(k2 − kb− b2)
x
Mp

3 =
ak2

2k2 − 2kb− b2

π3(p(w∗p)) =
a2(2k2 − b2)2

16k(k2 − kb− b2)2
π3(pMp) =

a2k3

(2k2 − 2kb− b2)2

Without loss of generality, we may normalize k to 1 in Inequalities (27) and (28) to see

that under our assumptions (in particular, b < k/2), total and consumer welfare decline

when firms 1 and 2 form a joint venture instead of merging horizontally and firms compete

in prices downstream.

Table 3 presents the analogous price, quantity, and profit comparison to Table 2 in

the event of quantity competition downstream. The superscript Mx represents the merger

scenario with downstream Cournot competition. We can now similarly confirm the results

regarding prices, quantities, and profits under Cournot competition downstream.

Total welfare is higher in the joint venture scenario than in the horizontal merger

scenario if the following inequality holds:

α2β2(2κ− β) (16κ5 + 16κ4β − 28κ3β2 − 10β3κ2 + 16κβ4 − 3β5)

32κ (κ2 + κβ − β2)2 (2κ2 + 2βκ− β2)2 > 0 (29)

Likewise, consumer welfare is higher in the joint venture scenario than in the horizontal
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Table 3: Cournot Equilibrium: Joint Venture vs. Horizontal Merger

Joint Venture Horizontal Merger

pi(w
∗
x) =

α(2κ− β)

4κ
pMx
i =

α(2κ− β)(κ+ β)

2(2κ2 + 2κβ − β2)

Firm i xi(w
∗
x) =

α(2κ− β)

4(κ2 + κβ − β2)
xMx
i =

α(2κ− β)

2(2κ2 + 2κβ − β2)

πi(x(w∗x)) =
α2(2κ− β)2

16κ(κ2 + κβ − β2)
πM(xMx) =

α2(2κ− β)2(κ+ β)

2(2κ2 + 2κβ − β2)2

p3(w∗x) =
α(2κ2 − β2)

4(κ2 + κβ − β2)
pMx

3 =
ακ2

2κ2 + 2κβ − β2

Firm 3 x3(w∗x) =
α(2κ2 − β2)

4κ(κ2 + κβ − β2)
xMx

3 =
ακ

2κ2 + 2κβ − β2

π3(x(w∗x)) =
α2(2κ2 − β2)2

16κ(κ2 + κβ − β2)2
π3(xMx) =

α2κ3

(2κ2 + 2κβ − β2)2

merger scenario if:

α2β2(2κ− β) (16κ5 + 32κ4β − 20κ3β2 − 30β3κ2 + 24κβ4 − 5β5)

32κ (κ2 + κβ − β2)2 (2κ2 + 2βκ− β2)2 > 0 (30)

Without loss of generality, we may normalize κ to 1 in Inequalities (29) and (30) to see

that total and consumer welfare increase when firms 1 and 2 form a joint venture instead

of merging horizontally and firms compete in quantities downstream.

Proof of Proposition 5.

Proof. In Table 4 we compare the joint venture column from Bertrand Table 2 with the

joint venture column from Cournot Table 3 rewritten in terms of a, k, and b. The proof

is confirmed by comparing prices, quantities, and profits in each row.
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Table 4: Joint Venture: Bertrand Equilibrium vs. Cournot Equilibrium

Bertrand Equilibrium Cournot Equilibrium

pi(w
∗
p) =

a(2k + b)

4(k2 − kb− b2)
pi(w

∗
x) =

a(2k − 3b)

4 (k − b) (k − 2b)

xi(w
∗
p) =

a(2k + b)

4k
xi(w

∗
x) =

a (2k − 3b) (k + b)

4 (k2 − kb− b2)

πi(p(w∗p)) =
a2(2k + b)2

16k(k2 − kb− b2)
πi(x(w∗x)) =

a2 (2k − 3b)2 (k + b)

16 (k − b) (k − 2b) (k2 − kb− b2)

p3(w∗p) =
a(2k2 − b2)

4k(k2 − kb− b2)
p3(w∗x) =

a(2k2 − 4kb+ b2)

4 (k − 2b) (k2 − kb− b2)

x3(w∗p) =
a(2k2 − b2)

4(k2 − kb− b2)
x3(w∗x) =

a (2k2 − 4kb+ b2) (k + b)

4 (k − b) (k2 − kb− b2)

π3(p(w∗p)) =
a2(2k2 − b2)2

16k(k2 − kb− b2)2
π3(x(w∗x)) =

a2 (2k2 − 4kb+ b2)
2

(k + b)

16 (k − 2b) (k − b) (k2 − kb− b2)2

Proof of Proposition 6.

Proof. Assumptions 1 and 3 together with our symmetry assumptions on utility, marginal

costs of production, and the division of joint venture profits, imply that for any w chosen

by the joint venture, there is a unique equilibrium in downstream prices in which firms

1 and 2 set the same price and earn the same profit. Moreover, if the joint venture is

played on the equilibrium path, the profits earned by the joint venture partners must be

no lower than the profits earned by a horizontal merger between them (we have assumed

that horizontal merger profits would be equitably divided among the merging firms). Now

suppose that the joint venture is played on the equilbrium path, but that contrary to the

statement of the Proposition, w∗ < w̄. This leads to the following set of inequalities:
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π1(p(w∗)) + π2(p(w∗)) = πM(p(w∗))

< πM(p1(w∗), p2(w∗), p3(w̄))

< πM(p(w̄)) = πM(pM)

which would contradict the joint venture having been selected in place of the horizon-

tal merger in the first stage. The remainder of the proof follows precisely the proof of

Proposition 2.

Appendix B

Sequential equilibrium in the imperfect information game.

Here, we show that the (Pareto dominant) assessment consisting of the joint venture

playing w∗, followed by firm i = 1, 2 playing pi(w) for any w ∈ Wp and firm 3 playing

p3(w∗) accompanied by the belief that w∗ was played with probability one, constitutes a

sequential equilibrium of the two stage joint venture pricing game of imperfect information.

To simplify the exposition, let us proceed with the extensive form transformation of the

second simultaneous move stage in which firm 1’s move is followed by that of firm 2,

which is followed by that of firm 3 and in which subsequent movers are not made aware

of the previous history of the stage. This extensive form specification requires us to

additionally specify beliefs about prior pricing moves for firms 2 and 3. Let us suppose

that in equilibrium, firm 2 believes that firm 1 plays p1(w) with probability one contingent

on w having been played in stage one and that firm 3 believes that firm i = 1, 2 plays

pi(w
∗) with probability one.

The sequential rationality of the assessment above follows from the definitions of w∗

and pi(w) provided in Section 3. In order to show that the assessment is consistent, we

first define the following density functions, each of which is positive on the interior of
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their supports: ϕεJV :Wp → [0, 1], ϕε3 :P → [0, 1] and conditional density ϕεi :P ×Wp →

[0, 1], i = 1, 2, which is conditional on w ∈ Wp, and where the superscript ε represents

a positive integer. Further, suppose that lim
ε→∞

ϕεJV (w∗) = 1, lim
ε→∞

ϕε3(p3(w∗)) = 1, and

lim
ε→∞

ϕεi(pi(w)|w) = 1.

To show consistency, we may now define a sequence of assessments consisting of com-

pletely mixed strategies σε and Bayes’ rule derived beliefs µε which converge to the assess-

ment above. For each ε, define the strategy of the joint venture as σεJV (∅)(w) = ϕεJV (w),

where the first set of parenthesis on the left-hand side denotes each player’s information set.

Likewise, define the strategy of firm i = 1, 2 conditional on w as σεi (w)(pi) = ϕεi(pi|w) and

the strategy of firm 3 as σε3(Wp)(p3) = ϕε3(p3). Proceeding according to the extensive form

transformation above, for each ε, we may define the beliefs of firm 1 as µε1(w)(w) = ϕεJV (w),

the beliefs of firm 2 as µε2(w × P )(w, p1) = ϕεJV (w)ϕε1(p1|w), and the beliefs of firm 3 as

µε3(Wp×P ×P )(w, p1, p2) = ϕεJV (w)ϕε1(p1|w)ϕε2(p2|w). It becomes immediately apparent

that the sequence of strategies and beliefs converges to the assessment above and that for

each ε, beliefs are defined from strategies according to Bayes’ rule, such that the assessment

is indeed consistent.

Wireless simulation data.

Prices : Average revenue per user (ARPU) is used as a measure of price. Within our

simple model, ARPU has the advantage over service providers’ posted prices for monthly

service plans in that it aggregates across all services in proportion to each customer seg-

ment. Moreover, ARPU as obtained from service provider SEC filings averages out any

regional or local variation in prices and accounts for any device subsidies or other dis-

counts. For consistency across service providers, ARPU is calculated as the total of 2011

wireless operating revenue excluding equipment divided by twelve times the 2011 average
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number of subscribers.23 ARPU for “Other” service providers is calculated as a weighted

average of the ARPUs of MetroPCS, US Cellular, and Leap Wireless, three of the four

multi-regional providers. Clearwire Communications, the fourth multi-regional provider,

was a 51.5% owned investee company of Sprint, whose results of operations are included

in Sprint’s Form 10-K.24

Quantities : Market share as determined by a provider’s share of nationwide wireless

subscribers is used as the measure of service provider output. The subscribership of

the eleven largest service providers as reported by number of connections in the FCC’s

Sixteenth Wireless Competition Report is used to approximate nationwide subscribers,

with 2011 subscribers ranging from 107.8 million for Verizon Wireless25 to 414.5 thousand

for NTELOS.26 The share of Other service providers is assumed to be the difference of

nationwide subscribership and that of the four nationwide providers.

Margins : Price-cost margins are obtained by subtracting a proxy for variable cost from

ARPU. The variable cost proxy equals the 2011 cost of operations net of depreciation

and amortization as reported in Form 10-K multiplied by one minus the ratio of one

quarter lagged depreciation and amortization to the costs of operations in 2011. Our proxy

supposes that a firm uses the previous quarter’s depreciation and amortization results to

determine spending on capital replacement (fixed costs) in the current quarter. The proxy

cannot account for the possibility that a firm may want to expand or contract its network.

The margin for Other service providers is calculated as a weighted average of the margins

23The average number of subscribers was either reported in Form 10-K or determined using an average
of quarterly midpoints, depending on data availability.

24Additionally, although Clearwire offers mobile broadband data services, it does not offer circuit-
switched mobile voice services and most of its wholesale subscribers are also Sprint retail subscribers.

25The Sixteenth Report, which only reports 92.2 million Verizon Wireless subscribers only includes
retail subscribers.

26In addition to the nationwide and multi-regional providers, this includes regional/local providers
C Spire Wireless, Atlantic Tele-Network, Cincinnati Bell Wireless, and NTELOS. We exclude Clearwire
Communications. See Sixteenth Report Table 13.
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of MetroPCS, US Cellular, and Leap Wireless.

Table 5: Wireless Simulation Data

Data AT&T VZW Sprint TM Other

ARPU $47.7 $46.6 $43.7 $45.8 $45.6

Shares 32.0% 33.4% 17.0% 10.3% 7.3%

Margins 38.4% 39.4% 21.8% 33.1% 29.7%

Diversion Ratios : Ideally, in order to calibrate demand, we would use data on the

degree of substitutability between service providers to calculate cross-price elasticities, or

alternatively, diversion ratios (the diversion ratio dji to product j from product i is defined

as dji = εjixj/εiixi). Absent such data, we proxy for diversion ratios based on wireless

service providers’ market shares, si: dji = sj/(1 − si).
27 These proxies are reported in

Table 6.

Table 6: Wireless Diversion Ratios

To Provider

F
ro

m
P
ro
v
id
e
r AT&T VZW Sprint TM Other

AT&T 49.1% 25.1% 15.1% 10.8%
VZW 48.0% 25.6% 15.4% 11.0%
Sprint 38.5% 40.2% 12.4% 8.8%
TM 35.6% 37.2% 19.0% 8.2%
Other 34.4% 35.9% 18.3% 11.0% 0.4%

27Ordinarily, we would multiply market share based diversion ratios by the “market recapture ratio,”
the fraction of sales lost by one service provider from a small increase in its price that is gained by the
remaining service providers (Farrell and Shapiro, 2010). Because we do not observe the market recapture
ratio, we assume full recapture.
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