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Abstract

How should complementarities affect antitrust merger policy? I introduce a two-
stage strategic model in which complementary-input monopolists offer supply
schedules to producers and then engage in bilateral bargaining with producers.
The main result is that there is a unique weakly dominant strategy equilibrium,
the equilibrium attains the joint-profit-maximizing outcome, and output equals
that of a bundling monopoly. The result holds with perfect competition in the
downstream market with both unit capacity and multiunit capacity. The re-
sult also holds with oligopoly competition in the downstream market. The re-
sult contrasts with the Cournot effect, which states that complementary-input
monopolists choose total prices that are greater than the bundled-monopoly
level. The analysis shows that consumers’” surplus and total producers’ surplus
are greater with supply schedules and bargaining than with posted-price com-
petition. The analysis has implications for antitrust policy toward vertical and
conglomerate mergers.

1. Introduction

Complementarities have been used to seek antitrust approval of conglomer-
ate and vertical mergers, as in the blocked merger of General Electric (GE) and
Honeywell. To examine the economic effects of complementarities, I introduce a
two-stage bargaining game that provides a more complete description of inter-
action between complementary monopolists and downstream producers. In the
first stage of the game, each complementary monopolist offers an input supply
schedule to downstream producers. Then, in the second stage of the game, each
complementary monopolist engages in Nash-in-Nash bargaining with each pro-
ducer over input prices. Given these supply schedules and input prices, produc-
ers choose input demands and supply final outputs, and the downstream market
clears. At the unique weakly dominant strategy equilibrium, industry output at-
tains the joint-profit maximum, and total input prices are less than the monopoly
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markup over producers’ marginal cost. The efficiency of the equilibrium outcome
has implications for antitrust policy toward vertical and conglomerate mergers.

The two-stage bargaining game describes markets in which firms negotiate sup-
ply contracts. For many markets, contract negotiation offers a more accurate de-
scription of business transactions than does the basic posted-price model. Com-
panies use supply contracts because business transactions often take place over
time and require capacity commitments from suppliers and demand commit-
ments from buyers. Industries often use contracts for supply-chain management
and coordination (see Tsay 1999; Tsay, Nahmias, and Agrawal 1999; Cachon
and Lariviere 2005; Li and Wang 2007; Arshinder, Kanda, and Deshmukh 2011).
There is extensive evidence that suppliers negotiate supply contracts with pro-
ducers, assemblers, and distributors. According to the Bureau of Labor Sta-
tistics (BLS), US companies have over 1,740,000 wholesale and manufacturing
sales representatives.' The 2015 BLS data also show that US companies have over
72,000 purchasing managers and over 400,000 buyers and purchasing agents who
evaluate suppliers, review product quality, and negotiate supply contracts.?

The main results of the analysis are as follows. First, I consider the two-stage
game when the downstream market is perfectly competitive and producers have
unit capacity. I show that the strategic game in supply schedules has a unique
weakly dominant strategy equilibrium. I find that at the unique equilibrium of
the strategic game, suppliers and producers maximize joint benefits. Industry
output downstream equals the cooperative level, and total input prices are strictly
less than the monopoly markup of the final price over producers’ unit costs. The
analysis suggests that complementarity of inputs induces coordination instead of
blocking it.

The intuition for the efficiency result is as follows. The game is solved by back-
ward induction. In the second stage of the game, simultaneous bilateral bargain-

! The Bureau of Labor Statistics (BLS) data are for 2015 and include the occupational categories
41-4011 (BLS, Occupational Employment Statistics: 41-4011 Sales Representatives, Wholesale and
Manufacturing, Technical and Scientific Products [http://www.bls.gov/oes/current/oes414011.htm])
and41-4012 (BLS, Occupational Employment Statistics: 41-4012 Sales Representatives, Wholesale and
Manufacturing, Except Technical and Scientific Products [http://www.bls.gov/oes/current/oes414012
.htm]).

* Purchasing managers are in category 11-3061 (BLS, Occupational Employment Statistics: 11-
3061 Purchasing Managers [https://www.bls.gov/oes/current/oes113061.htm]). Buyers and pur-
chasing agents are in the categories 13-1022 (BLS, Occupational Employment Statistics: 13-1022
Wholesale and Retail Buyers, Except Farm Products [http://www.bls.gov/oes/current/oes131022
.htm]) and 13-1023 (BLS, Occupational Employment Statistics: 13-1023 Purchasing Agents, Except
Wholesale, Retail, and Farm Products [http://www.bls.gov/oes/current/oes131023.htm]). The BLS
states that purchasing managers “[p]lan, direct, or coordinate the activities of buyers, purchasing
officers, and related workers involved in purchasing materials, products, and services. [The group]
[ilncludes wholesale or retail trade merchandising managers and procurement managers” (see
BLS, Occupational Employment Statistics: 11-3061 Purchasing Managers [http://www.bls.gov/oes
/current/oes113061.htm]). The BLS also states that “[p]urchasing agents and buyers consider price,
quality, availability, reliability, and technical support when choosing suppliers and merchandise.”
“Buyers and purchasing agents buy products and services for organizations to use or resell. They
evaluate suppliers, negotiate contracts, and review the quality of products” (BLS, What Buyers and
Purchasers Do [http://www.bls.gov/ooh/business-and-financial/buyers-and-purchasing-agents.htm
#tab-2]).
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ing over the division of economic rents provides incentives for entry of down-
stream producers. Competitive entry in the downstream market generates an
output equal to the smallest of the maximum input supply offers. In addition, as
a consequence of bilateral bargaining, input suppliers obtain shares of total re-
turns. In the first stage of the game, complementarity implies that input suppliers
take into account the potential effects of their supply decisions on the product
market. If other input suppliers were to choose maximum quantities above those
that maximize joint benefits, then a supplier would strictly prefer to offer a lower
maximum quantity that would maximize joint benefits. If other input suppliers
were to choose maximum quantities below those that maximize joint benefits,
then a supplier would not restrict the quantity further and would be indifferent
between all maximum quantities above the level that maximizes joint benefits. So
the maximum quantity that maximizes joint benefits is the unique weakly domi-
nant strategy for every supplier.

Second, I show that the outcome of the two-stage game generates greater con-
sumers’ surplus, total producers’ surplus, and social welfare than the Cournot
posted-price game. With posted prices, complementary monopolists behave inef-
ficiently because they do not consider how their prices affect each other’s profits,
which generates a free-rider problem. This leads to the Cournot effect: competing
complementary monopolists choose higher total input prices than the cooper-
ative outcome.’ The present analysis shows that bargaining over supply sched-
ules eliminates the Cournot effect. Economists have applied the Cournot effect to
many problems, including vertical and conglomerate mergers, bilateral monop-
oly, successive monopolies, negotiations between labor and management, inter-
national trade, money in decentralized exchange, externalities, joint production,
innovation, and coordination in network industries. Despite the wide application
of the Cournot effect, the stark contrast between cooperation and competition
may be due to artificially restricting competition to posted prices.

Third, I extend the two-stage bargaining game to consider a perfectly compet-
itive downstream market in which producers have multiunit capacity and input
suppliers have the option of offering two-part tariffs to producers. In the first
stage, input suppliers offer aggregate supply schedules and supply contracts to
individual producers. In the second stage, input suppliers and producers bargain
over transfers. I show that there exists a unique weakly dominant strategy equi-
librium in supply schedules and supply contracts, and equilibrium transfers are
unique. Because inputs are complements, aggregate input supplies and the num-
ber of supply contracts maximize the joint benefits of suppliers and producers. In
addition, producers operate at minimum efficient scale. Total payments to input
suppliers are strictly less than each producer’s revenues net of production costs at
the bundled-monopoly output.

* According to Cournot (1897, p. 103), “An association of monopolists, working for their own
interest, in this instance will also work for the interest of consumers, which is exactly the opposite
of what happens with competing producers.” Cournot finds that “the composite commodity will
always be made more expensive, by reason of separation of interests than by reason of the fusion of
monopolies.” See also Moore (1906).
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Fourth, I extend the complementary-monopolies Cournot model to allow in-
put suppliers to offer two-part tariffs when downstream producers have multi-
unit capacity. This generalizes the literature on competition with two-part tariffs
to complementary goods.* I show that input suppliers offer only per-unit tariffs
and that the Cournot effect continues to hold with posted prices. I then com-
pare the two-stage bargaining game with the posted-price game when producers
have multiunit capacity. I find that output in the two-stage bargaining game is
the same as for a bundled monopoly with two-part tariffs. This implies that the
two-stage bargaining game generates greater industry output than the Cournot
posted-price equilibrium. The two-stage bargaining game, in comparison with
posted prices, also increases consumers’ surplus, total producers’ surplus, and so-
cial welfare.

Fifth, I extend the two-stage bargaining game to oligopoly competition among
producers in the downstream market. I show that the strategic game in supply
schedules has a unique weakly dominant strategy equilibrium. Again, I find that
at the unique equilibrium of the strategic game, suppliers and producers maxi-
mize joint benefits. The downstream industry output equals the output when in-
puts are supplied by a bundled monopoly and total payments are strictly less than
the markup over producers’ costs times output per producer.

Finally, I explore the implications of the results for antitrust policy in markets
with complementary inputs or complementary final products. The main impli-
cation of the results is that vertical or conglomerate mergers are not necessary
for markets to achieve a cooperative outcome. This means that the Cournot ef-
fect need not justify mergers unless it can be established that firms engage in
posted-price behavior instead of forming supply contracts. So vertical and con-
glomerate mergers need not improve market outcomes. I consider antitrust pol-
icy toward conglomerate mergers as in the blocked GE-Honeywell merger. I also
consider mergers of complementary suppliers that would generate bilateral mo-
nopoly with a bundled input supplier and a monopoly downstream firm. Apply-
ing the present two-stage bargaining model, I examine antitrust policy toward
vertical mergers of multiple successive monopolies and again show that mergers
need not improve market outcomes.

In the second stage of the game, each input supplier bargains bilaterally with
each downstream producer over the input price. Bilateral bargaining follows the
Nash-in-Nash bargaining solution, with each bargaining pair taking the equilib-

* It is well known that an upstream monopolist serving a downstream monopolist can achieve the
joint-profit maximum with two-part tariffs. In addition, a monopolist serving a competitive down-
stream industry can achieve efficiency because it can determine the final price and extract profits by
using two-part tariffs (see Coase 1946; O’Brien and Shaffer 1992). Two-part tariffs do not achieve
the cooperative outcome when there is competition upstream among sellers offering substitutes; see
Rey and Stiglitz (1988) on two-part tariffs and Spulber (1989) on nonlinear pricing. Two-part tar-
iffs also do not achieve the cooperative outcome when there is imperfect competition downstream;
see Mathewson and Winter (1984) on two-part tariffs in the context of vertical restraints. Two-part
tariffs offered by suppliers of substitute or complementary goods need not be unique with a single
downstream buyer and need not be efficient when buyers are heterogeneous (Calem and Spulber
1984).
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rium outcome of other bargains as given (see Harsanyi 1959, 1963). For an over-
view of Nash-in-Nash bargaining and an extension to noncooperative strategies,
see Collard-Wexler, Gowrisankaran, and Lee (2016). The basic Nash bargaining
solution is described in Nash (1950, 1953), Harsanyi and Selten (1972), Roth
(1979), and Binmore (1987). The basic Nash cooperative bargaining strategy has
been extended to noncooperative strategies; see Rubinstein (1982) and Binmore,
Rubinstein, and Wolinsky (1986). Empirical studies examine the implications of
Nash-in-Nash bargaining in a variety of industries; see the discussion in Collard-
Wexler, Gowrisankaran, and Lee (2016) and the references therein.

The present analysis suggests that allowing for more general strategic inter-
actions is sufficient to resolve the complementary-monopolies question. The
Cournot effect has generated nearly 2 centuries of controversy involving many
distinguished economists.” Some economists argue that market outcomes are in-
efficient as predicted by the Cournot effect, and other economists argue that co-
operative bargaining among complementary monopolies would result in an effi-
cient outcome (see Bowley 1928; Wicksell [1934] 2007; Tintner 1939; Henderson
1940; Leontief 1946; Fellner 1947). Schumpeter (1928) suggests that Cournot
duopolists (or complementary monopolists) would maximize joint profits
through tacit coordination.” The present discussion differs from the traditional
literature in that complementary monopolists bargain with producers rather than
with each other.

There is a long literature on Cournot’s complementary-monopolies problem
and its dual, the quantity-competition model.® Edgeworth (1925) considers com-
petition with imperfect complements and substitutes and points out that perfect
complementarity is a limiting case of complementary goods. Economides and
Salop (1992) and Denicolo (2000) consider complementarities in consumption.

> Works that have considered Cournot’s analysis include Fisher (1898), Moore (1906), Marshall
(1907), Bowley (1924), Edgeworth (1925), Schumpeter (1928), Zeuthen (1930), Stackelberg (1934),
Hicks (1935), Kaldor (1936), and Tintner (1939). Machlup and Taber (1960) provide a valuable
overview of the early literature.

¢ For example, Bowley (1928, pp. 656-57) considers a bilateral monopoly in which “the manufac-
turer and supplier of material combine to maximise their joint gain” and points out that the same
result is obtained “when the manufacturer uses a number of materials, each the subject of an inde-
pendent monopoly.” Bowley expresses concern that the bargaining outcome is “unstable” because
each side may want a larger share of the total benefit. Machlup and Taber (1960, p. 111) note that
“negotiations between separate monopolists would, in the case of intermediate products, necessarily
be carried on in terms of both quantity and price, and that the quantity agreed upon between the
parties would be the same as that produced by an integrated monopolist.”

7 Schumpeter (1928, p. 370) states, “[W]e are, first, faced by the fact that they cannot very well fail
to realise their situation. But then it follows that they will hit upon, and adhere to, the price which
maximises monopoly revenue for both taken together (as, whatever the price is, they would, in the
absence of any preference of consumers for either of them, have to share equally what monopoly
revenue there is). The case will not differ from the case of conscious combination—in principle—
and be just as determinate.”

8 Edgeworth (1925) critiques the stability of the Cournot duopoly models for both substitutes
and complements, and Fisher (1898, pp. 126-28) critiques the dynamic analysis in Cournot’s basic
duopoly models. Works that consider the effects of conjectural variations on Cournot duopoly in-
clude Frisch (1951) and Hicks (1935). Stackelberg (1934) considers Cournot reactions in successive
moves.



34 The Journal of LAW & ECONOMICS

Singh and Vives (1984) compare quantity and price strategies in a one-stage
game with differentiated products that are either imperfect complements or sub-
stitutes.” It can be shown that as products approach perfect complementarity,
the quantity-setting equilibrium with complementarity in Singh and Vives (1984)
approaches the monopoly outcome.

The economics literature provides many examples of complementary monop-
olies, including copper and zinc monopolists selling to downstream producers of
brass (Cournot 1897), railroad lines (Ellet [1839] 1966, pp. 77-78), and links in a
chain of canals (Edgeworth 1925, p. 124). Choi (2008) discusses the complemen-
tarity between inputs such as jet engines and avionics in aircraft component mar-
kets. Denicolo (2000) considers markets with generalist and specialist firms that
respectively produce all or some of the complements in the market, including, for
example, color film and photo finishing. Casadesus-Masanell and Yoftie (2007)
develop a dynamic pricing version of Cournot’s complements model and study
competition between Microsoft’s Windows operating system and Intel’s micro-
processors. Laussel (2008) examines Nash bargaining over prices of comple-
mentary components in automobiles and aircraft. Laussel and Van Long (2012)
extend Laussel (2008) with a dynamic equilibrium analysis of the downstream
firm’s divestiture of complementary suppliers. Llanes and Poblete (2014) exam-
ine ex ante agreements with complementarities and technology standard setting.
Spulber (2016) examines patent licensing with innovative complements and sub-
stitutes and considers the effects of competitive constraints.

On the properties of games with general complementary strategies, see Topkis
(1998) and Vives (2000, 2005). Legros and Matthews (1993) show that there is an
efficient Nash equilibrium in a partnership with strictly complementary efforts,
although in their setting there is a continuum of Nash equilibria without this
property. Hirshleifer (1983, 1985) considers complementary efforts in a public-
goods model with a continuum of Nash equilibria.

The present two-stage bargaining model with supply schedules and Nash-
in-Nash bargaining over prices differs from Cournot’s one-stage game with
posted prices. The present model also differs from Cournot’s one-stage quantity-
competition model in which products are perfect substitutes. The present model
further differs from Bertrand’s (1883) one-stage model of price setting in which
goods are perfect substitutes. In Bertrand’s model, prices fall to players’ marginal
costs, whereas in the present model with supply schedules, all players choose
quantities equal to the monopoly outcome.

The discussion is organized as follows. Section 2 presents the two-stage model
of complementary monopolies and characterizes the equilibrium when the
downstream market is perfectly competitive. Section 3 extends the model with
perfect competition downstream to allow multiunit capacity and two-part tar-
iffs. Section 4 considers complementary monopolies when the downstream mar-

? Singh and Vives (1984, p. 553) observe that “Cournot (Bertrand) competition with substitutes is
the dual of Bertrand (Cournot) competition with complements. Exchanging prices and quantities,
we go from one to the other.” See also Vives (1985).
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ket has oligopoly competition with differentiated products. Section 5 discusses
antitrust-policy implications of the analysis, including conglomerate and vertical
mergers, successive monopoly, and bilateral monopoly. Section 6 concludes the
discussion. The proofs of the main propositions appear in the Appendix.

2. Complementary Monopolies with Perfect Competition
in the Downstream Market

This section introduces a two-stage game with complementary monopolists
that supply inputs to perfectly competitive downstream producers. In the first
stage, input suppliers choose binding supply offers noncooperatively, and entry
of producers determines the demand for inputs. In the second stage, each input
supplier bargains with producers over input prices, and the input and output
markets clear.

2.1. Producers

The downstream market is perfectly competitive with a homogeneous final
good as in Cournot’s model. Let p denote the price of the final good, and let g
be the output of the downstream industry. Assume that the market demand q =
D(p) is strictly decreasing and twice continuously differentiable. Let p = P(q) de-
note the market inverse demand.

Each producer has unit capacity. This restriction is for ease of presentation
only. Section 3 considers downstream competition when producers have multi-
unit capacity and shows that the results continue to hold. In subsequent sections,
I also consider downstream oligopoly and monopoly when producers have multi-
unit capacity.

There are n inputs that are perfect complements as in Cournot’s model."® Each
producer’s costs consist of a unit cost ¢ and the sum of the purchase prices of the
complementary inputs. Prices r, 1,, . . ., , differ across inputs. When the indus-
try output is g, each producer earns a profit of

g, 1y 1y . .5 1) =P(@) —c = 1. (1)
i=1
Producers are active if and only if I1(g, 7, 15, . .., 7,,) > 0.

2.2. Input Suppliers

In the first stage of the game, each input supplier i makes a binding commit-
ment to provide whatever quantity g of its input that producers demand up to a
maximum amount y,. Each input supplier offers a supply schedule Y,(q) given by

Y,(g) = min{g, y,} i=1...,n). (2)
" With unit capacity, each producer’s technology can be represented by a Leontief production
function x = min{d,, 0, .. ., d,,}, where x is the producer’s output, ¢; equals one if the producer uses

input i and zero otherwise.
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To simplify notation, let the maximum levels y,, y,, ..., y, represent the supply
offers Yi(q), Y5(q), ..., Y,(q). When choosing their supply schedule offers, in-
put suppliers do not know the supply offers of other input suppliers, nor do they
know the amount g that will be demanded by producers. I consider weakly dom-
inant strategy equilibria in supply offers.

Because inputs are perfect complements, downstream output is bounded by
the smallest of the maximum input supply offers: ¢ < y,..., where y,,, = min{y,,
Yy« -+ > ¥u}. Assume that downstream producers enter the market sequentially so
that each active producer is able to obtain all of the inputs until output reaches
Ymin- Bargaining in the second stage implies that all active producers earn nonneg-
ative profits. Entry of downstream producers continues until total demand for
inputs equals the minimum of the maximum input supply offers,

q:ymin' (3)

As in Cournot’s complementary-monopolies model, input suppliers produce to
order instead of producing to stock." Each input supplier i incurs costs kg (i = 1,
2,..., n) on the basis of the amount of the input that is demanded by producers.
Because prices are symmetric and given input demand g, each input supplier i
earns profits

Vg r)=@—k)g (=12...,n). (4)

Input suppliers are active if and only if V{(q, r;) > 0.

In the second stage of the game, each input supplier i bargains bilaterally with
each downstream producer over the input price, taking as given the other in-
put prices r*. Each bargaining pair chooses a price that is a best response to the
equilibrium outcomes of other negotiations, where r*, ¥, ..., r* denotes the
Nash-in-Nash bargaining equilibrium. Let ¢; denote the bargaining power of in-
put supplier i relative to any downstream producer, where 0 < a; < landi =
L2,...,n.

The timeline of the game is as follows. In stage 1, input suppliers choose sup-

ply schedules y; (i = 1,2, ..., n). The competitive entry of producers determines
output q. In stage 2, input suppliers and producers bargain bilaterally and select
input prices r; (i = 1, 2, ..., n). The output market clears at price p.

2.3. 'The Bundled-Input Monopoly

Before examining complementary monopolies selling individual inputs, con-
sider a monopolist that sells a bundle of all of the inputs to the downstream
industry. The two-stage game is as follows. In the first stage, the bundled mo-
nopolist chooses the size of the bundle of inputs g, and in the second stage, the
bundled monopolist negotiates a price p for the bundle of inputs with each of
the downstream producers. Downstream producers enter the market as long as

"' Recall that in Cournot’s model, each input supplier offers a price to suppliers and then provides
whatever amount is demanded by producers.
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marginal returns are greater than or equal to the input price: P(q) — ¢ > p. Let o
denote the bundled monopolist’s bargaining power with downstream producers,
where 0 < oo < 1.

Consider the second-stage bargaining outcome where g is the size of the input
bundle chosen by the monopolist in the first stage. Because of free entry, down-
stream output equals the size of the input bundle. Bilateral bargaining between
the bundled monopolist and each producer solves the asymmetric Nash coopera-
tive bargaining problem:

m[flx[P(q) —c—p]™"® [p — ik,} .

The first-order condition for the price of the bundle is

o[ P(q) — ¢ — p] =(l—a)[,o—§:k,.]. (5)

This implies that for a given downstream output g, the price for the bundle of
inputs equals

plg) = alP(g) — ]+ (L— ) K.

i=1
The monopolist chooses demand for the input bundle, or equivalently down-
stream output, to maximize profits. Substituting for the price of the bundle of
inputs, the monopolist’s profit equals

o(q)q — ikiq =a|P(q) —c— iki]q. (6)

This implies that the bundled-input monopolist chooses downstream output g to
maximize

lP(q) —c— Zki q for all o,
i=1
so the output g™ does not depend on bargaining power.

Because the bundled-input monopolist maximizes industry profits, the
bundled-monopoly outcome provides an efficiency benchmark that can be used
to evaluate the outcome with complementary monopolists. Assume that there ex-
ists an interior solution to the monopoly problem, g™ > 0. The first-order condi-
tion for the monopolist’s problem is

P'(g")g" +P(g")—c—) k =0. (7)
i=1
The monopoly profit is positive:

{[P q") —clg™ qu }:—ozP’(qM)(qM)2 >0
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The monopolist’s output choice need not be unique. If there are multiple solu-
tions, then for ease of notation let g™ denote the smallest output. The main result
holds whether or not the monopoly output is unique. The monopolist’s price for
the bundle of inputs equals a weighted average of the marginal return to producers
evaluated at the monopoly output and total marginal costs:

pM = alP(@@") — ]+ (1—a)) k.
i—1
By profit maximization, the price for the bundle of inputs is less than or equal to
the markup of the final price over producers’ unit cost, p™ < P(g™) — c.

2.4. Equilibrium of the Two-Stage Game

In the first stage, input suppliers choose supply offers represented by y* (i =

1,...,n), and producers’ demand for inputs equals g* < min{y}, y5, ..., y7}.
In the second stage, the Nash-in-Nash equilibrium bargaining outcome is repre-
sented by input prices 7* (i = 1,..., n), and the final market price is p* = P(g*).

I solve the model by backward induction.

Consider the second-stage bargaining problem given demand for inputs g de-
termined in the first stage. Given the input prices chosen by bargaining between
other input suppliers and producers 7%, the input price r; solves the asymmetric
Nash bargaining problem for eachi = 1,..., n:

P(q)—c—irf‘ -

J=i

1—q

(r — k).

max
Letting r, = r;*, the first-order conditions imply that

P@)—c= 1
j=1

Summing both sides over i gives total prices

S = 1/[1 Y ]HZ [P(g)—c] + Zk} ©)

i=1 i=1

Q;

r*—k = i=1,...,n). (8)

1—-q

Define 3;:

[ . (i=1...,n). (10)

1—q

i

R

1+i%af}

Then the first-order conditions give the equilibrium input prices r* =r*(gq) as

functions of industry demand for inputs:

P(q)—c— ij
=1

r*(q) =B, +k i=1,...,n). (11)
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This establishes that the bargaining equilibrium exists and is unique. Notice that
0 < f;<1land

0<y B <1
i=1

forany o, (i = 1,2,...,n).
It follows that the equilibrium profit of each input supplier i is

Vi(g, 1) =5, {[P(q) —clg— ijq} (i=12,...,n). (12)
j=1
At industry demand for inputs g, each producer earns a profit

(g, rl*,rz*,...,rn*)—[l—Zﬁi] P(q) —c—> k| (13)
i=1 j=1
Consider now the equilibrium of the two-stage game. Proposition 1 presents the
main result of the analysis. The result holds whether or not the profit-maximizing
monopoly output is unique, where g™ is the smallest profit-maximizing monop-
oly output. Define social welfare as the sum of consumers’ and producers’ sur-
plus: W(p) = CS(p) + PS(p), where consumers’ surplus is

oo

CS(p) = f D(z)dz

P
and total producers’ surplus is

PS(p) = [p —c— ik,»]D(p).

Proposition 1. In the first stage, the weakly dominant strategy equilibrium
in supply schedules is unique and equivalent to the profit-maximizing bundled-
monopoly output, y* =g (i = 1,...,n), so that equilibrium industry output
is g* = g™. In the second stage, input prices are unique, r* = r*(q™), and the
total of input prices is

> = [ijﬁi][P(qM) ] +[1 - iﬁi]ik,-. (14)

The final price equals the joint-profit-maximizing price P(¢), and total input
prices are strictly less than the markup over producers’ marginal cost:

ir,.*(qM)<P(qM)—c.

Consumers’ surplus, total producers’ surplus, and social welfare in the two-stage
game with complementary monopolists are the same as with a bundled monop-
olist.

This result establishes that with complementary inputs, the noncooperative
equilibrium with quantity-setting suppliers yields the cooperative outcome. The
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proposition shows that the weakly dominant strategy equilibrium is unique even
if the bundled-monopoly outcome is not because the equilibrium equals the
smallest output that maximizes bundled-monopoly profit. The result depends
only on the assumptions that demand is downward sloping and inputs are perfect
complements. Notice also that the weakly dominant strategy equilibrium with
supply schedules is unique even though there are many Nash equilibria with fixed
quantities.

The complementarity of inputs serves as a tacit coordination mechanism. A
supplier strictly prefers the bundled-monopoly outcome to any other outcome.
This means that a supplier will choose the quantity of an input that would be of-
fered by a bundled monopolist regardless of what other suppliers are offering. If
other suppliers offer greater quantities of inputs in comparison to the bundled-
monopoly outcome, a supplier strictly prefers to restrict the equilibrium out-
put by offering fewer units of the input. If other suppliers offer smaller quan-
tities of inputs than the bundled-monopoly outcome, a supplier strictly prefers
not to restrict the output further and is indifferent between offering the bundled-
monopoly quantity and the restricted quantity of inputs.

Because inputs are strict complements, every supplier understands that his offer
of an input controls the market outcome under some conditions. So each supplier
will choose to offer the quantity of an input that would be offered by a bundled
monopolist. In this way, suppliers coordinate without the need for mergers or
formal agreements. In addition, notice that bargaining power does not affect the
equilibrium output. Regardless of how rents are divided, suppliers have an incen-
tive to choose the optimal output.

Proposition 1 shows that an input supplier has an incentive to choose an upper
limit on the quantity supplied. The result also shows that an input supplier would
not choose a positive minimum amount because it does not know what other
input suppliers are offering. In addition, the result shows that an input supplier
would not offer a fixed output rather than a supply schedule because that could
result in an offer in excess of the quantity offered by other suppliers and in excess
of the amount demanded by downstream producers. Making either a minimum
offer or a fixed-output offer would risk costly overproduction.

A bundled-monopoly supplier facing a competitive downstream industry is
likely to have all of the market power; that is, « = 1. Then the bundled monop-
olist chooses a per-unit tarift equal to the final markup over the producer’s cost,
p" =P(g™)—c. So when a = 1, total input prices with complementary mo-
nopolists are strictly less than the bundled-monopoly price:

S <.
i=1

In general, total input prices with bargaining are greater than, equal to, or less
than the bundled-monopoly price:

S > @@ as 36> @
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To compare complementary monopolists with the bundled monopolist, it may
be useful to consider the effects of the number of complementary-input monop-
olists on the outcome of the two-stage game. To examine the effects of more sup-
pliers without changing total costs, suppose that

Zki =K for all n.

i=1
It follows that having more suppliers does not affect the equilibrium output g™
Adding more suppliers shifts total bargaining power toward suppliers so that

iﬂi —1
i1

as n increases, and total prices go to P(q™) — cas n increases. With many suppliers,
total per-unit tariffs can exceed the per-unit tariftf set by a bundled monopoly
with bargaining, assuming that the bargaining power of the bundled monopolist
is not affected by the number of inputs and is less than 1.

Suppose that the bargaining power of individual suppliers diminishes with en-
try, o; = 1/n. Suppose that the bundled-monopoly bargaining power is a; > 3.
Then, as n increases,

u 1
;ﬁi - 5’

so in the limit total prices are
n 1 1 n
> (™) =<[P(@") — ]+ =) k;.
P 2 293

As the number of complementary monopolists increases, total prices with com-
plementary monopolists will be less than the bundled-monopoly price,

> o™ < pM.
i=1

The analysis translates into complements in consumption. Suppose that the
complementary monopolists sell components used by consumers. A consumer
has unit demand for consumption of the set of components x = min{é,, d,, . . ., 6,,}
with willingness to pay u if x equals one and zero otherwise. Let G(u) denote the
cumulative distribution of willingness-to-pay levels across consumers. Suppose
that perfectly competitive distributors with operating costs ¢ resell the compo-
nents to consumers at price p. Then aggregate demand for the set of complements
isgivenby g = 1 — G(p). Aggregate demand is decreasing because the cumu-
lative distribution is necessarily increasing in willingness-to-pay levels. The two-
stage game with perfect competition downstream also applies to complements in
consumption. Suppliers of complementary products offer supply schedules Y(q)
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in the first stage and bargain over prices r; with distributors in the second stage.
Proposition 1 continues to apply."

2.5. Comparison with the Cournot Outcome

Compare the outcome in the present two-stage game with the outcome of
Cournot’s posted-price game. In Cournot’s model, input suppliers choose prices
r;(i = 1,...,n), and downstream producers choose how much of the inputs to
purchase. The downstream industry is perfectly competitive so that the final out-
put price in the downstream market is

pzc—i—iri.
i=1

Input prices in Cournot’s noncooperative equilibrium 7~ (i = 1, ..., n) solve
n
C C
. =argmax, (, — k;)D|c + E rotr
Jj=i

In equilibrium, the first-order conditions in Cournot’s model are

C+Zn:f}c+nc C_"_Zn:’,}c_'_r;C

j=i j=i

(r° —k,)D’ +D =0. (15)

Summing over i implies that

irf—i:ki:—nD c+irf /D’c+zn:rjc]. (16)
i=1 i=1 j=1 =1

The Cournot effect compares total input prices at the noncooperative equilib-
rium with the bundled-monopoly price. In my setting, this is equivalent to the
bundled-monopoly price when the monopolist has all the bargaining power, v =
1, which exactly equals the markup over producers’ costs,

™ =P@g") —c (17)

To see why this is equal to the bundled-monopoly posted price, write the monop-
olist’s first-order condition,

n

P'(g")q" + P(@") —c =) k=0 as M=}k =-P'q")q",
i=1

i=1
and notice that g™ = D(c + ™) and P'(¢™) = 1/D'(c + ™). Then, at the bundled-
monopoly price, I have

12 The setting with complements in consumption also applies to perfect competition when pro-
ducers have multiunit capacity, which is considered in Section 3, and to monopolistic competition
downstream, which is considered in Section 4. The analysis of complements in consumption would
change when there is competition from firms supplying substitute products for particular compo-
nents and when there are imperfect complements so that consumers can purchase subsets of the
products.
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n M M
fu Di(c+r") Di(c+r")

Compare the outcome in the posted-price game with the posted-price bundled-

monopoly outcome. Suppose that demand is log concave, d*InD(p)/dp* < 0. This

holds, for example, if demand is linear, D(p) = a/b — p/b."* Given log concavity

of demand, comparing the first-order conditions gives the Cournot effect:

n
M C
r <Eri.
i=1

The Cournot effect implies that output is greater with a bundled monopoly
than with complementary monopolists:

c—i—irf]:qc.

j=i

q" >D

This allows a comparison between the two-stage game and Cournot’s price-
setting game. The following result holds whatever the relative bargaining power
of input suppliers and producers in the two-stage bargaining model.

Proposition 2. Let demand be log concave. Then downstream industry out-
put, consumers’ surplus, total producers’ surplus, and social welfare are greater in
the two-stage bargaining game than in Cournot’s posted-price game.

Because g™ > ¢ the downstream price is lower in the two-stage bargaining
game than in Cournot’s posted-price game, P(q™) < P(¢q“). This implies that
CS[P(g™)] > CS[P(q“)], and joint-profit maximization implies that PS[P(g™)] >
PS[P(q®)]. So social welfare is greater in the two-stage bargaining game. The re-
sult suggests that the Cournot effect is due to the restriction of competitive strat-
egies to posted prices.

There is another interesting difference between the two-stage bargaining game
and Cournot’s posted-price game. In the two-stage model, when total costs are
held constant, the number of complementary-input suppliers does not affect the
weakly dominant strategy equilibrium output. So in the two-stage game when
total costs are held constant, entry of additional input suppliers does not affect
equilibrium output or social welfare. In Cournot’s posted-price game, an in-
crease in the number of complementary-input suppliers increases the sum of in-
put prices when demand is log concave. This is because having a greater number
of suppliers worsens the free-rider effects of noncooperative competition. This
means that in Cournot’s model, having a greater number of input suppliers re-
duces both equilibrium output and social welfare.

" Discussions of the standard Cournot quantity model assume that inverse demand P(q) is log
concave; see, for example, Amir and Lambson (2000). These results apply to complementary mo-
nopolies when demand D(p) is log concave.
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3. Complementary Monopolies with Perfect Competition and
Multiunit Capacity in the Downstream Market

This section considers complementary monopolies with perfect competition in
the downstream market when downstream firms have multiunit capacity and in-
creasing costs. In the first stage, input suppliers offer aggregate supply schedules
y; and choose the number of contracts m;. Producers enter the market and choose
input demands x. In the second stage, input supplier and producer pairs engage
in Nash-in-Nash bargaining over transfers t,.

3.1. Complementary Monopolies When Producers Have Multiunit Capacity

Each of the m downstream producers supplies x units of a homogeneous prod-
uct. Excluding the costs of inputs supplied by the complementary monopolists,
each downstream producer has a cost function C(x) that is twice differentiable,
increasing, and convex. To characterize competitive entry, assume that average
cost AC(x) = C(x)/x is U-shaped with minimum efficient scale at output x,. As
before, market inverse demand is p = P(q), and market demand is ¢ = D(p),
where g is industry output.

Inputs are perfect complements, and producers enter sequentially so that they
are able to obtain the same amount of each of the inputs.'* Define y,,;, equal to
min{y,, , ..., ¥} and m, equal to min{m,, m,, ..., m,}. Because inputs are
perfect complements, market output is limited by the aggregate supply of inputs
q < Ymm> and entry is limited by the number of supply contracts m < m,y,.

Producers’ transfers to input suppliers are ¢, t,, .. ., t,. Given industry output
¢, each downstream producer has the profit function

(g, x, t, tyy ..., t,) = max P(g)x — C(x) — Zti . (19)
i=1

Each producer’s input demand is limited by the aggregate supply of inputs divided
by the number of suppliers, x < y,;./m. So input demand is x = min{X[P(g)],
Ymin/ M}, where the unconstrained input demand X = X[P(g)] solves

P(q) = C'(X). (20)

Producers have an incentive to enter the market as long as II(q, x, t;, t,, ..., t,)
> 0.
Each input supplier i earns profits

V.(g, m, t;) = mt, — gk, i=12,...,n). (21)

Input suppliers are active if and only if Vi(q, m, t;) > 0.
Define social welfare as the sum of consumers’ and producers’ surplus:
W(p, x) = CS(p) + PS(p, x), (22)

" Each producer has a Leontief production function x = min{¢,, (5 ..., (,}, where (; is the
amount of input i used by the producer.
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where consumers’ surplus is .
Cs(p) = [D(2)dz
»

and total producers’ surplus is
PS(p, x) = pD(p) —mC(x) — > _kD(p).

The timeline of the game is as follows. First, input suppliers choose input supply
schedules y; (i = 1,2, ..., n). They also choose the number of contracts m; (i =
1, 2,...,n). The competitive entry of producers determines the number of pro-
ducers m, and producers choose input demands x. Second, input suppliers and
producers bargain bilaterally and select transfers t; (i = 1, 2, ..., n). The output
market clears at price p.

The equilibrium of the two-stage game is as follows. In the first stage, equi-
librium suppliers’ aggregate input offers are y* (i = 1,...,n), and contract
offers are m* (i = 1,...,n). Competitive entry of producers determines the
number of producers m* < min{m}, mJ, ..., m’}, producers’ profit max-
imization determines input demands x*, and aggregate input demand is
q* =m* x* <min{y¥, y5,..., y*}. In the second stage, Nash-in-Nash bar-
gaining between input supplier and producer pairs determines transfers ¢ (i =
1,..., n), and the market clears at price p* = P(gq*).

3.2. 'The Bundled-Input Monopoly

The bundled-monopoly problem is useful for characterizing the two-stage bar-
gaining game with multiunit capacity. In the first stage, the bundled monopolist
chooses the size of the input bundle g™ and the number of contracts m™. The
bundled monopolist and each producer bargain over a transfer T™. The bundled
monopolist’s total profit depends on industry output, the number of producers,
and the transfer:

VvM(g, m, T) = mT — ijq. (23)
j=1

Each downstream producer has the profit function II(q, T) = P(q)x — C(x) —T.

I solve the bundled monopolist’s problem by backward induction. In the sec-
ond stage, the bundled monopolist bargains with each producer, taking as given
the input bundle g™, the number of contracts m™, and each producer’s demand
for the bundle of inputs x = min{X[P(g™)], ¢*/m™}. The asymmetric Nash
cooperative-bargaining problems are

mqu[P(qM)xM —C(x™)—T]""

T - ijxMJ .
j=1
The first-order conditions for each bargaining problem imply that

T = a[P(")x" — C(x")]+ (1 — a)iijM. (24)
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Substituting for T, I find that the bundled monopolist’s profit is

VvM(g", m™, T) = o| P(g" )m™ x™ — mMC(x™) — ijmeM . (25)

j=1

Consider now the first-stage equilibrium. Substituting for the transfer payment
in the producer’s profit, I obtain

P(q)x — C(x) — zn:ij

[

g, T)=01-0) ) (26)

Because the bundled monopolist maximizes profit, it follows that the producer’s
profit is nonnegative. This implies that entry continues until the number of pro-
ducers equals the number of contracts, m = m™.

In addition, because the producer’s profit is nonnegative, the price is greater
than average cost, so the price is greater than average cost at the minimum effi-
cient scale: P(q) >AC(x) > AC(x,). Because marginal cost is increasing, the un-
constrained input demand is increasing in the output price, X’[P(g)] = 1/C"(X)
> 0. This implies that the unconstrained input demand is greater than the pro-
ducer’s minimum efficient scale, X[P(g)] > x,.

The bundled monopolist chooses the size of the input bundle g™ and the num-
ber of contracts m™ to maximize profit V(g, m, T). Substituting for the transfer,
I find that the bundled monopolist’s profit is

VMg m T) =«

P(q)q — mC(x) — Zn:k,-q], (27)

where x = min{X[P(q)], g/m}. For any input bundle g, the bundled monopolist
chooses the number of contracts m to minimize costs. So each producer’s input
demand is constrained, x = q/m, and the profit-maximizing number of contracts
mM solves

C[i] — C’[i]i —o. (28)
m m)m

This implies that producers operate at minimum efficient scale, x = g/m = x,.
The bundled monopolist chooses output to maximize

«

P(g)q — qAC(x,) = D kg
i=1
The monopoly output satisfies the first-order condition:
P(g") + P'(g")g" — AC(x,) — > k, =0. (29)
i=1

Assume that there exists a profit-maximizing output, and for ease of notation let
q"" denote the smallest profit-maximizing monopoly output. The market equilib-
rium number of producers is m™ = gM/x,.
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The bundled monopolist receives

T = o P(q")x, — Cxo)] + (1— )y _k;x,.
j=1
The transfer can be expressed as a two-part tariff, 7™ = I'M + pMx, consisting of a
per-unit tariff equal to total marginal cost

P =2k
j=1
and a lump-sum tariff equal to a share of the producer’s profit

™ =q

P@)x, — Clxy) — 3k,

3.3. Equilibrium of the Two-Stage Game

Consider now the two-stage game with complementary-input monopolists
when producers have multiunit capacity. Bilateral bargaining between each input
monopolist and each producer solves the asymmetric Nash-in-Nash cooperative-
bargaining problem:

P(q)x — C(x) — it;‘ — t,} [t — kx]™,

j=i

max
tx

where x = min{X[P(q)], g/m}.
Equilibrium transfers t} = t*(q, x) are then

t*(q, x) =0, +kx (i=1...,n). (30)

P(gq)x — C(x) — zn:ij

This establishes that the bargaining equilibrium exists and is unique given g and x.

Proposition 3 shows that the two-stage bargaining game with two-part tariffs
achieves the cooperative outcome. As before, the result holds whether or not the
bundled-monopoly profit-maximizing output is unique.

Proposition 3. In the first stage, the weakly dominant strategy equilibrium
in supply schedules is unique and equivalent to the profit-maximizing bundled-
monopoly output y* =g* (i = 1,..., n). The weakly dominant strategy equi-
librium in supply contracts is unique and equivalent to the profit-maximizing
bundled monopoly in supply contracts: m* =m" (i = 1,..., n). Producers op-
erate at minimum efficient scale so that in equilibrium, industry input demand is
q* = g™, output per producer is x™ = x,, and the number of producers is m™ =
q"/x,. In the second stage, transfers are unique and equal:

1 = 5, Pg")x%, —Clx) = D kx| + ki, Gy

j=1
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The final price equals the joint-profit-maximizing price P(g"), and total transfers
are

St = S 6P, — Cln)l + [1 -3 ]ijijo. (32

i=1 j=1
Total transfers are strictly less than each producer’s revenue net of production
costs at the bundled-monopoly output:

> ot < P(g")x, — Clx,).

i=1
Consumers’ surplus, total producers’ surplus, and social welfare in the two-stage
bargaining game with supply schedules and supply contracts are the same as with

a bundled monopolist.

The intuition for this result is as follows. Each input supplier obtains a share
of aggregate profits and has an incentive to choose input supply offers and in-
put supply contracts that maximize aggregate profits. Because inputs are perfect
complements, for any aggregate input offer y,,, the game in supply contracts
m; generates the minimum efficient scale for producers. The profit-maximizing
number of contracts is unique because the minimum eflicient scale is unique with
a U-shaped average cost curve.

The number of contracts m that gives the minimum efficient scale for each
supplier—that is, m = y,,,,/x,—is a weakly dominant strategy for each supplier.
This is because the equilibrium number of contracts is less than or equal to the
smallest number of contracts offered by suppliers. If all other suppliers choose a
greater number of contracts such that input demand is lower than minimum ef-
ficient scale, a supplier can lower the number of contracts so that input demand
attains minimum efficient scale. Conversely, if all other suppliers choose con-
tracts that limit input demand below minimum efficient scale, a supplier would
not choose to lower the number of contracts further and would be indifferent be-
tween a greater number of contracts and the number of contracts associated with
minimum efficient scale. So for any aggregate input supply offer, suppliers choose
the number of contracts such that producers’ input demands are at minimum
efficient scale.

In turn, this implies that input suppliers choose aggregate input supply offers
to maximize profits, anticipating that the number of input contracts will be such
that producers operate at minimum efficient scale. As in the preceding setting
with unit capacity, this implies that input supply offers maximize joint indus-
try profits. This follows from the perfect complementarity of inputs as before.
The joint-profit-maximizing input supply offers are the unique weakly dominant

strategy.
Nash-in-Nash bargaining in the second stage implies that all active produc-
ers earn nonnegative profits, I1(g, x, t, t,,...,t,) > 0. So entry of downstream

producers continues until m = m,,,. The final price is greater than average cost
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at the minimum efficient scale, P(¢™) > AC(x,) so that input demands are con-
strained and each producer operates at minimum efficient scale.

With bargaining, total transfers are greater than, equal to, or less than the
bundled-monopoly transfer:

St > G as 36> G

As noted previously, a bundled-monopoly supplier facing a competitive down-
stream industry is likely to have all of the market power; that is, @ = 1. Then the
bundled monopolist chooses a transfer equal to producers’ returns net of total

marginal costs, T = P(q")x, — C(x,). This implies that total lump-sum tariffs
with complementary monopolists are strictly less than the bundled-monopoly

lump-sum tariff
St <™
i=1

3.4. Comparison with the Cournot Outcome

This section extends the Cournot complementary-monopolies pricing game to
allow input suppliers to offer two-part tariffs to producers. The equilibrium with
two-part tariffs is given by ric, R,.C (i = 1,...,m). Each input supplier chooses
a two-part tariff to maximize profits, (r; — k;)q + mR,. Let p,', I'}' denote the
profit-maximizing two-part tariff for the bundled input monopoly. Producers
take as given the two-part tariffs offered by input suppliers.

Each producer has a profit function

(g, r, 1, ..., 7, RLR,, ..., R)= px—C(x)—Zr,.x—ZRi. (33)
i=1 i=1

Each producer’s input demand

solves the first-order condition
p=C(x)+ Zr.
i=1
Entry occurs until each active producer has a profit of 0:

P(mx)x = C(x) + ir,.x + iRi. (34)

i=1
Combine the entry condition with producers’ first-order conditions. Then per-
unit tariffs cancel from marginal and average costs, so that each producer oper-
ates at the minimum average cost output:

1
C/(XA) = x_A

Cx™) + i:R,,]. (35)



50 The Journal of LAW & ECONOMICS

The producers’ minimum average cost output depends on total lump-sum tariffs
but not on per-unit tariffs,

x* = x* [zn:R,],
i—1

and is increasing in total lump-sum tariffs,

& 1
A
X R|i=———>0
[; ] C”(XA )xA
If lump-sum tariffs are 0, it follows that each producer operates at the minimum
average cost output x*(0) = x,.

The minimum average cost price is

Pt =ACKx") + Zr + LAEW:R,..
i=1 X iz

This implies that industry output is a function of total lump-sum tariffs, g =
D(p*). The number of producers is equal to industry output divided by output
per producer, m = g/x*, which is a function of total lump-sum tariffs and total
per-unit tariffs. Define the Cournot output with the option of two-part tariffs:

n 1 n
q° = D|AC(x") + > rf +—> RY|.
j=1 X o1
I compare the Cournot posted-price game with the bundled-input monopolist
when input suppliers have the option of offering two-part tariffs. The proposition
shows that the Cournot effect continues to hold.

Proposition 4.

a) The bundled-input monopolist sets the lump-sum tariff equal to 0, R = 0,
and the per-unit tariff for the bundle of inputs ™ is greater than total marginal
costs and solves

D[AC(x,) + "]+ [rM - Zki]D’[AC(xO) +r™M=o0. (36)
i=1
Downstream output is g,' = D[AC(x,) + r™].

b) In the equilibrium of the posted-price game, each complementary-input
supplier sets the lump-sum tariff equal to 0, R® =0 (i = 1, ..., n), and per-unit
tariffs r* are greater than marginal cost and solve the modified Cournot first-
order conditions
AC(x,) + > 1l |+ (¢ —k,)D’
j=1

Downstream output is

D =0 i=1...,n). (37)

AC(x,) + erc

j=1
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¢) Let demand be log concave. The Cournot effect holds that

n
M C
r < E .
i=1
Downstream output, consumers  surplus, total producers’ surplus, and so-

cial welfare are greater with a bundled monopolist than with two or more
complementary-input suppliers.

Total per-unit tariffs are increasing in the number of input suppliers. So final
output, consumers’ surplus, total producers’ surplus, and social welfare are de-
creasing in the number of input suppliers.

Compare the first-order conditions for the bundled monopolist in the two-
stage bargaining game and the posted-price game. With posted two-part tar-
iffs, the bundled monopolist chooses a lump-sum tariff of 0 and a per-unit tariff
™ = P(qy') — C(x,)/x, that satisfy the first-order condition

P(,") + P'(g")q0" — AC(x,) = 3k =0. (38)
i=1
This is the same as for the bundled monopolist in the two-stage bargaining game,
so output levels are the same: g™ = g,".

Producers operate at minimum efficient scale in the two-stage bargaining game
with a bundled monopolist or complementary monopolists. Producers also oper-
ate at minimum eflicient scale with posted two-part tariffs with either a bundled
monopolist or complementary monopolists. So with a bundled monopolist, the
number of producers is the same with two-stage bargaining and posted prices:
m" =m)' = q)'/x,.

However, with complementary monopolists, total output is greater with two-
stage bargaining than with posted prices, q* = q;" > q°, when the Cournot effect
holds. This implies that when there are complementary monopolists, the number
of producers is greater with two-stage bargaining than with posted prices: m* =
q*lxy > m© = q°/x,.

The bundled monopolist with posted two-part tariffs earns profit greater than
or equal to that of the bundled monopolist in the two-stage bargaining game:

P(g))gy' — my'Clxy) = > kgy' = V¥ (g™, m", ).
i=1
The profit levels are equal when the bundled monopolist has all of the bargaining
power in the two-stage game, o = 1.

Social welfare with a bundled monopolist is the same in the two-stage bargain-
ing game and in the posted-price game. It follows that social welfare with com-
plementary monopolists in the two-stage game is greater than in the posted-price
game:

M

WIP(q"), x,]1 = WIP(q°), x,] = f [P(q) — AC(x,) — ik,. dqg>0. (39)

qc i=1



52 The Journal of LAW & ECONOMICS

This implies the following result.

Proposition 5. The final output, the number of producers, and input demand
with a bundled monopolist are the same in the two-stage bargaining game and
in the posted-price game with the option of two-part tariffs. When demand is
log concave, final output, consumers’ surplus, total producers’ surplus, and social
welfare with complementary monopolies are greater in the two-stage bargaining
game than in the posted-price game with the option of two-part tariffs.

In Cournot’s posted-price game, a larger number of complementary monopo-
lists increases free-rider effects. The number of complementary monopolists does
not affect the outcome of the two-stage game when total marginal costs are con-
stant. So as the number of complementary monopolists increases, the difference
between welfare in the two-stage bargaining game and the posted-price game in-
creases as well.

4. Complementary Monopolies with Oligopoly Competition
in the Downstream Market

This section considers complementary monopolies that sell to oligopoly pro-
ducers. In the first stage, each input supplier i chooses a supply schedule Y(q)

represented by y* (i = 1,...,n), and total producer demand for inputs is
q* =min{yf, y5, ..., yf}. In the second stage, a Nash-in-Nash bargaining
game determines two-part tariffs #*, R* (i =1,..., n).

4.1. Producers

There are m downstream producers each offering a differentiated product x;
(j = 1,2,...,m). Each of the downstream producers sells multiple units of out-
put. Each producer has a Leontief production function x; = min{¢,, (5 ..., (,},
where (; is the amount of input i. Let ¢ = y,,;, be the minimum of the maximum
input supply offers and assume that all active producers obtain the same amount
of the inputs. Then each input supplier faces the constraint x; < g/m.

Each producer j chooses the price p; and has demand x; = D(p;, p_s m) (j = 1,
2,...,m). Assume that when prices are symmetric, demand per producer x(p;
m) = D(p;, p_; m) is strictly decreasing in the market price p and that P(x; m) de-
notes the inverse of demand per producer x(p; m). The slope of each producer’s
demand with symmetric prices is z(p; m) = 9D(p;, p_; m)/Op; < 0. Assume that
products are substitutes so that the market price effect on each producer’s de-
mand is greater than the own-price effect on demand, z(p, m) < x,(p, m)."

Producers engage in Bertrand-Nash price competition with differentiated
products. Producers have unit costs ¢ excluding the costs of purchased inputs.
Assume that market equilibrium prices are symmetric and the producers’ price
strategy

'* Demand per producer is decreasing in the market price, x,(p, m) < 0 (Vives 2000, 2008).
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n
p*=p*[§ hto m]
i=1
is increasing in per-unit costs
n
E 7, +c.
i=1

These properties can be derived from standard assumptions about market de-
mand (see Vives 2008; Spulber 2013). The reduced-form model of oligopoly com-
petition among producers follows Vives (2005, 2008).

When producers do not face input constraints, each producer’s first-order con-
dition for the symmetric equilibrium price p* can be written

[p*czn:ri]z(p*; m) + x(p*s m) = 0. (40)
i=1
The equilibrium net returns for each producer are then
g, . %,..., 7, RLR, ..., R)= [p*—c—iri]x(p*; m)—iR,-, (41)
i=1 i=1
where
pr= P*[Xn:’? +6 m]
i=1
Each producer demands a quantity

P*[Zn:rl + ¢ m]; m]
i=1

X

of each input.
If each producer faces a binding input constraint, that is,

i=1

each producer’s demand for inputs is g/m. The market equilibrium price solves
x(p; m) = q/m so that p = P(q/m; m). So with capacity constraints, we can write
the equilibrium net returns for each producer as

>4
m

X sm

>

g, n, ..., RLR,, ..., R)= \p[i; m]—c—Zr,. i—ZR,.. (42)
m i=1 m i=1

4.2. 'The Bundled-Input Monopoly

To characterize the complementary-monopolies problem, it is useful to con-
sider a monopolist that sells the bundle of inputs to the downstream industry.
The bundled monopolist uses a per-unit tariff p > 0 and a lump-sum tariff I' >
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0. Letting total transfers per producer be t = p(g/m) + I, bilateral bargaining
solves the asymmetric Nash cooperative bargaining problem

1-a
q ~ 4
max ——t t—>» k—
The first-order condition for the bargaining problem is then
a{p[i; m]—ci—t]z(l—a)[t—Zk,.i]. (43)
m m - m
This gives the total transfer per producer as a function of downstream output:
P[i; m] —c
m
The bundled monopolist’s profit then equals a share of downstream industry
profits:

(&3
Pl=;m|—c .
m

(@) =«

4 0S4
m+(1 a);k,m. (44)

mt" (q) — Zkiq =q|P q. (45)
i=1

4 .0 Sk
m,m} c ;k,

The monopolist’s problem is expressed in terms of total input demand g, where
the per-unit input tariff p solves x[p*(p + ¢; m); m] = g/m, and the output price
is p = P(q/m; m).

The solution to the bundled monopolist’s profit-maximization problem does
not depend on bargaining power. Assuming the existence of an interior solution
q", I find that the first-order condition for the monopolist’s problem is

M M n
1., m]q— —c— >k =0 (46)
m i=1

M

q

—s m
m

P +p’

m

As before, the solution need not be unique. Let g™ > 0 be the smallest profit-
maximizing input-demand level, again for ease of notation. The equilibrium out-
put price is p™ = P(q™/m; m).

The bundled monopolist’s per-unit tariff p™ is determined by the equilibrium
output per firm x[p*(p™ + ¢; m); m] = ¢™/m. From the producers’ first-order
conditions, the per-unit tarift for the bundle of inputs is equal to the final market
price minus unit cost plus the ratio of the demand per producer to the slope of
each producer’s demand:

x(p*; m)
2(p*s m)’

Because the bundled monopolist cannot capture all returns using marginal cost
pricing and lump-sum tariffs, there is some double marginalization. From the
bundled monopolist’s first-order condition and g = mx(p*; m), the per-unit tarift
is

pM=p*—c+ (47)

M

M M
1
T, m]q_ yo L (a9
m m  z(p*; m) m

pM — zn:k, 7P/
i=1
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Because products are substitutes, it follows that —P'(q/m; m) = —1/x,(p*, m) >
—1/z(p*, m). This implies that the bundled monopolist’s per-unit tariff is greater
than total marginal cost,
oM > Zki,
i=1

which implies double marginalization.

The monopolist’s lump-sum tariff for the bundle of inputs equals the total
transfer net of revenue from per-unit tariffs if that is positive: '™ = max{0, (g")
— pM(g™/m)}. I M(g™) > pM(g™M/m), substituting for the per-unit tariff gives

L x(p*s m
p[i; m]—C—Zkf 9 _ Mi_ (49)
m i=1 m Z(P)% m) m
Substituting from the bundled monopolist’s first-order condition implies that the
lump-sum tariff is
M 2
[‘1 ] (50)

m

M™=—-(1-a)

M
m ] z(p*; m)
for 1/(a — 1) < P'(g™/m; m)z(p*; m), and '™ = 0 otherwise.

™ =1-—a)P’

4.3. Equilibrium of the Two-Stage Game

At the first stage, input suppliers choose supply schedules Y;(g), Y,(g), . . ., Y,.(q9)
to maximize net benefits

Vi n, 1, ....1, R, R,, ..., R)=rq+mR —C(g), (51)

where ¢ = ;.. Input suppliers will participate only if they receive nonnegative
net benefits Vi(q, 1, 75, .. ., 1o R, Ry, ..., R,) > 0.

At the second stage, each input supplier bargains bilaterally with each pro-
ducer. The Nash-in-Nash equilibrium of the bargaining stage is represented by
w5, 1F, .., 15, RYRY, ..., R, Denote the total transfer from a producer to an
input supplier t; = r,(g/m) + R, Then input suppliers have net benefits

Vg 1, 1,...,1, R, R, ..., R)=mt, —kq i=1,...,n). (52)

n

The equilibrium net returns for each producer are

q 9 v
P+ m L7t (53)
[m m I

Given the transfers chosen by bargaining between other input suppliers with pro-
ducers t*;, each transfer ¢, solves the Nash bargaining problem

1—q «a;
q q . —_ —q l I
p|L, _ oL Pt t. — k. =1...,n).
mtax[ [ m] c E j ,} [ i i } (i n)

j=i

H(q,7’1,FZ,...,rn,Rl,Rz,...,Rn): —C
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I now characterize the equilibrium of the two-stage bargaining game when
there is oligopoly competition in the downstream market.

Proposition 6. In the first stage, the weakly dominant strategy equilibrium
in supply schedules is unique and equivalent to the smallest profit-maximizing
bundled-monopoly output: y* =g (i = 1,...,n). In the second stage, trans-
fers are unique, t* = t*(q"™), and the total of transfers per producer is

n n M M n n M
@) =S 8 |P| L m| - q—+[1— ,.] kL.
;,m) ;ﬂ mm]cm ZﬂZm

The final output price equals that with a bundled monopoly P(q™/m; m), and total
transfers are less than the producers’ markups over producers’ costs times output

per producer:
n M
Zt,-*(qM)< q—; m]—c
i=1 m

Consumers’ surplus, total producers’ surplus, and social welfare in the two-stage
bargaining game with supply schedules are the same as with a bundled monop-
olist.

P

M

q

m

P

With oligopoly competition downstream, complementary monopolists achieve
the bundled-monopoly output, which is the cooperative outcome. Mergers are
not necessary for complementary monopolists to achieve the cooperative output.
Depending on the relative bargaining power, total transfers are less than, equal
to, or greater than bundled-monopoly revenues:

mY 1 (g") < QG+ as 36 < (Do

If the bundled monopoly has sufficient bargaining power relative to producers in
comparison with complementary monopolists, then total transfers will be greater
with the bundled monopolist than with complementary monopolists.

5. Antitrust Policy Implications

This section considers some antitrust policy implications of the two-stage bar-
gaining model with complementary monopolists. First, I consider antitrust pol-
icy toward conglomerate mergers among complementary monopolists. Second,
I consider antitrust policy toward conglomerate mergers when the downstream
producer is a monopsony. Third, I examine the problem of successive monopo-
lies and antitrust policy toward vertical mergers. Finally, I show how two-stage
bargaining applies to basic bilateral monopoly.

5.1. Conglomerate Mergers: Implications of Bargaining versus Posted Prices

The present results have implications for antitrust policy toward conglomerate
mergers of complementary monopolists. Complementary-input monopolists can
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achieve the cooperative outcome by offering supply schedules to producers and
bargaining over prices. The resulting output will equal the bundled-monopoly
output, and total input prices will be strictly less than the producers’ markup
over costs at the monopoly output. The analysis shows that the presence of com-
plementarities in production or in consumption need not justify conglomerate
mergers. This means that a conglomerate merger of complementary monopolists
need not generate any benefits that would result from bundling.

In contrast, it has been argued on the basis of the Cournot effect that a merger
of firms offering complementary goods would increase social welfare. The
merged firms could reduce prices by bundling complementary goods, which
would eliminate the effects of posted-price competition that existed before the
merger. According to the Organisation for Economic Co-operation and Devel-
opment (OECD 2001), the Cournot effect would justify a merger of firms offering
complementary goods if premerger prices were above competitive levels and the
merged firm would have a significant market share or would engage in tying or
bundling of the complementary goods.'¢

The Cournot effect relies on particular assumptions about the conduct of com-
plementary monopolists. It depends on the assumptions that complementary
monopolists use posted prices when selling inputs to producers and that sup-
pliers choose prices noncooperatively. As a consequence, input suppliers do not
take into account the effects of their prices on the profits of other complementary
monopolists, which leads to total input prices above the bundled-monopoly level.
The preceding discussion shows that the Cournot effect holds when complemen-
tary monopolists offer prices to producers with unit capacity or when comple-
mentary monopolists can offer two-part tariffs to producers with multiunit ca-
pacity.

However, the Cournot effect does not hold with bargaining between input sup-
pliers and producers. The dependence of the hypothetical Cournot effect on spe-
cific competitive conduct limits its use as a justification for mergers. The effect
cannot be a defense of conglomerate mergers unless it can also be established that
before the merger, companies indeed engage in competition with posted prices.
A conglomerate merger thus need not generate benefits from product bundling.

The absence of a Cournot effect does not in itself rule out such mergers. In
practice, conglomerate mergers may offer various cost economies associated with
consolidation of production or transactions. However, conglomerate mergers
may also create problems resulting from reduced competition, as discussed in the

' According to the Organisation for Economic Co-operation and Development (OECD 2012,
p- 8), “In addition to efficiency effects there is a less obvious reason why a merger uniting comple-
ments could lead to lower prices. Such a merger could also internalise the effects of lowering the
price of one complement on sales and profits earned on another. This Cournot effect will not exist
or be significant unless pre-merger prices were above competitive levels in at least one of the com-
plements. Another necessary condition is that the merged entity will either have a significant market
share in at least one of the complements in which there were pre-merger supracompetitive pricing,
or will engage in some form of tying, bundling or analogous practice having the effect of internalis-
ing a pricing externality in complementary products.”
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US Department of Justice’s (DOJ’s) nonhorizontal merger guidelines.”” The pol-
icy implication of the present analysis is that antitrust policy makers should focus
on how the merger would affect costs, prices, and competitive behavior without
necessarily relying on the presence of complementarities.

The Cournot effect played a significant role in antitrust policy toward the pro-
posed merger of GE and Honeywell (see Choi 2001; Vives and Staffiero 2009).
Both GE and Honeywell supplied complementary inputs such as engines and avi-
onics to aircraft producers. There are many reasons to suppose that GE and Hon-
eywell did not rely on noncooperative posted prices as a means of selling compo-
nents to aircraft producers. It is more likely that they engaged in bilateral contract
negotiations with aircraft producers to specify supply schedules, demand orders,
prices, and other contract terms. The companies would be more likely to rely on
bargaining because of the small number of companies involved, the high cost of
inputs, and the need to establish production and delivery schedules. In addition,
they would rely on contracts because of the investments needed to manufacture
engines and other components and to produce final outputs. In addition, con-
tracts would be necessary to address the complex technological issues associated
with product quality, interoperability of components, and allocation of intellec-
tual property.

Although the DOJ approved the proposed $43 billion merger, the European
Commission (EC) rejected it. The EC decision directly addresses the Cournot ef-
fect (Commission Decision 2004/134, 2001 O.J. [L 48] 91-92). The companies
seeking to merge argued that aircraft engines and components such as avionics
were complements and that the merger would facilitate bundling, which would
lower final prices. In its decision, the EC states (2001 O.]. [L 48] 92), “Therefore,
even if the demand for aircraft at the industry level were inelastic, i.e., even in the
face of a price reduction by all entities for the product bundle, it did not increase
sufficiently to render price reduction profitable[;] the Commission’s investigation
has indicated that a price reduction of the bundled system by the merged entity is
likely to shift customers’ demand away from competitors to the merged entity’s
bundled product.” The EC expresses concerns that the merger would increase the
market power of the merging companies in jet engines for commercial, regional,
and corporate jets and for components such as avionics.

The EC considered the Cournot effect without performing sufficient theoretical
or empirical analysis to determine whether that effect was applicable to the mar-
ket in question. The European Court of First Instance reviewed the EC decision
and various presentations by economists, noting that “the question as to whether
the Cournot effect would have given the merged entity an incentive to engage in
mixed bundling in the present case is a matter of controversy” (Case T-210/01,
General Electric Co. v. Comm’n, 2005 E.C.R. II-05575, II-5740).

According to the Court of First Instance (2005 E.C.R. II-5733), the EC argued,
“[I]t follows from well-established economic theories, particularly the ‘Cournot

17 See US Department of Justice, Non-horizontal Merger Guidelines (https://www.justice.gov/atr
/non-horizontal-merger-guidelines).
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effect’. . ., that the merged entity would have an economic incentive to engage in
the practices foreseen by the Commission and that there was no need to rely on a
specific economic model in that regard.” The Court of First Instance (2005 E.C.R.
I1-5742) found that “by merely describing the economic conditions which would
in its view exist on the market after the merger, the Commission did not succeed
in demonstrating, with a sufficient degree of probability, that the merged entity
would have engaged in mixed bundling after the merger.”

Manufacturers of aircraft engines and components and assemblers of aircraft
would be likely to specify input supply and demand commitments and to bargain
over input prices. So the present analysis suggests that even with strict comple-
ments and complementary monopolies, the Cournot effect need not be observed.
This suggests that evaluating the competitive effects of the GE-Honeywell merger
would require additional economic analysis.

The effect of conglomerate mergers when there are complements in consump-
tion is affected by the structure of consumers’ preferences and the presence of
competitors. Choi (2008) extends the analysis of the Cournot effect to include
mixed bundling, which involves the merged firm selling complementary compo-
nents both separately and as a bundle. Choi (2008) finds that mergers can have
positive or negative effects on social welfare depending on consumers’ prefer-
ences and how the merger affects competitors.

Free-rider effects can arise through complementary activities other than the
supply of complementary inputs. For example, competition in research-and-
development (R&D) investments, product features, or advertising could generate
inefliciencies. Mergers potentially would affect inefficiencies resulting from these
other types of noncooperative behavior. There are other market institutions that
could address potential free-rider effects from complementary activities. For ex-
ample, companies cooperate in R&D through joint ventures and cross licensing
of intellectual property. Companies can coordinate technology standard setting
through standard-setting organizations. Companies also cooperate to coordinate
some types of complementary advertising through trade associations.

5.2. Conglomerate Mergers When the Downstream Producer Is a Monopolist

How should antitrust policy view mergers of suppliers when there is a mon-
opsony buyer? If all suppliers of inputs were to merge and sell to a monopsony
buyer, the result would be a bilateral monopoly. The main antitrust issue is
whether downstream market power should be a defense for upstream mergers.

This question has been studied when suppliers provide inputs that are substi-
tutes. Blair and Harrison (1993) and Hovenkamp (1991) raise various objections
to the countervailing power defense for mergers. Campbell (2007) addresses
these arguments and finds that mergers to monopoly create social benefits when
the buyer is a monopsony. Because the merged input suppliers would bargain
with the downstream monopsony, the resulting supply of inputs would maximize
joint returns.
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In this section, I consider whether a conglomerate merger of complementary-
input suppliers would create similar social benefits when there is a monopsony
buyer. The conglomerate merger would create a bundled-monopoly seller. The
result would again be a bilateral monopoly in the bundle of complementary in-
puts. The bundled-monopoly seller and the monopsony buyer would be able to
bargain and choose a supply of inputs that would maximize joint returns.

The question is whether such a conglomerate merger would be necessary. Sup-
pose first that input suppliers can offer two-part tariffs to the downstream mo-
nopolist. An equilibrium of the posted-price game would be for input suppliers
to set per-unit tariffs at marginal cost and then to choose lump-sum tariffs. In
equilibrium, the total lump-sum tariffs would equal the monopoly producer’s
profit, and the joint-profit maximum would be achieved. The monopolist would
choose output to maximize profits,

m = max P(q)g —cq — Zkiq ,
i=1

and total lump-sum tariffs would sum to monopoly profits,

i:R,. =1
i=1

The problem with this scenario is that there are infinitely many outcomes in
which total lump-sum tariffs equal monopoly profits. It is not evident that the
upstream complementary monopolists would be able to achieve the coordination
necessary to implement an equilibrium with two-part tariffs.

The posted-price game would seem to suggest the need for a conglomerate
merger as a means of coordinating the upstream input suppliers. The merged
firm would charge a per-unit tariff equal to total marginal cost, and the merged
firm and the downstream monopsony would bargain over the lump-sum tariftf.

However, the present setting suggests that Nash-in-Nash bargaining between
each of the upstream complementary monopolists and the downstream monop-
sony would be sufficient to achieve a joint optimum. Bargaining would result in a
unique division of surplus. Total lump-sum tariffs would be

> R@") = [Zﬁf][P(qM) —clg™ + [1 — Zﬁi]zquM. (54)
i=1 i=1 i=1 j=1
This suggests that bilateral bargaining would eliminate the potential benefits of a
conglomerate merger of upstream complementary monopolists. There is no need
for a conglomerate merger of input suppliers to generate a bilateral monopoly
with the downstream producer.

5.3. Successive Monopolies and Vertical Mergers

It has been argued that vertical integration by multiple successive monopolists
avoids the problem of double or multiple marginalization. There has been exten-
sive discussion of the problem of successive monopoly in the economics litera-
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ture.'® United States v. Aluminum Co. of America (Alcoa) (148 F.2d 416, 437 [2d
Cir. 1945]) is a classic example of an antitrust case alleging a successive monopoly
because the company produced both aluminum ingots and aluminum sheets."

When products are complements in demand, companies have an incentive
to bundle the products. This often raises antitrust policy concerns about tying.
However, McChesney (2015) argues that many cases with complementary prod-
ucts should not be treated as tying because they are more accurately described
as successive monopolies. McChesney points out that this applies to the cases of
United States v. Microsoft Corp. (253 F.3d 34 [DC Cir. 2001]), Jefferson Parish
Hospital District No. 2 v. Hyde (466 US 2 [1984]), and Concord v. Edison Electric
Co. (915 F.2d 17 [1st Cir. 1990]). In Microsoft, the complementary products were
the Windows operating system and the Internet Explorer browser. In Jefferson
Parish, the complementary products were hospital medical services and anesthe-
sia. In Concord, Boston Edison both produced and distributed electric power.

Just as the Cournot effect has been applied to justify conglomerate mergers,
so the successive-monopoly model has been applied to justify vertical mergers.?
Vertical integration avoids the problem of double or multiple marginalization
because the vertically integrated firm efficiently prices internally produced inputs
at their marginal costs. For example, Spengler (1950, p. 352) argues that “vertical
integration, if unaccompanied by a competition-suppressing amount of horizon-
tal integration and if conducive to cost and price reduction, should be looked
upon with favor by a court interested in lower prices and a better allocation of re-
sources.” Alternatively, it is argued that breaking up a vertically integrated com-
pany would cause welfare losses by leading to double marginalization if there is a
monopoly at two or more vertical levels.

When successive monopolies involve just two firms, joint-profit maximization
can be achieved with two-part pricing. The upstream firm can offer the down-
stream firm a per-unit tariff equal to marginal cost and a lump-sum tariff equal
to the downstream firm’s surplus. However, the problem becomes more compli-
cated with multiple vertical stages.

The present two-stage bargaining model suggests that successive monopolies
need not lead to welfare losses from double or multiple marginalization. The

'8 For example, Machlup and Taber (1960, p. 107) note that “Wicksell’s exposition is enlivened by
a picturesque illustration, drawn from a reference by Babbage . . . to the only existing possessor of
the skill of making dolls” eyes who sells to the only manufacturer of dolls.” Machlup and Taber are
quoting Wicksell (1927, p. 276), who is quoting Babbage (1832, pp. 199-20). Babbage’s example of
successive monopoly in doll making predates Cournot’s book.

1 Alcoa was said to have a monopoly in virgin aluminum ingots although there were foreign sup-
pliers of ingots and recycled aluminum. Alcoa also faced competition from other producers of alu-
minum sheets. This led to charges of a price squeeze of competitors in aluminum sheets to whom
Alcoa supplied ingots.

» Timing issues have complicated the economic analysis of successive monopolies. With simulta-
neous pricing, the outcome is the same as Cournot’s complementary-monopolies model, so the final
price exceeds the joint-profit-maximizing price because of multiple marginalization. With sequen-
tial pricing, the outcome is the standard double-marginalization result, which again departs from
the joint-profit maximum. The final prices can differ as a consequence of timing differences, but in
each situation the final price exceeds the joint-monopoly price.
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upstream and downstream monopolists can coordinate through noncoopera-
tive supply schedules and bargaining over prices. This suggests that a merger of
successive monopolies is not necessary for reducing final prices. Conversely, a
breakup of a vertically integrated firm need not increase final prices.

To illustrate the basic issues, suppose that there are three successive monopo-
lies, with costs k; (i = 1, 2, 3). The same analysis applies with two, three, or more
vertical levels. Each successive monopoly supplies a necessary input that is used
in fixed proportions to produce the input at the next level of production. The out-
put of competitive producers in the final market is g, and each successive monop-
oly offers an input supply schedule Y;(g) given by Y;(q) = min{q, y;} (i = 1, 2, 3).

Suppose that the final market is perfectly competitive and final producers have
unit costs ¢. The primary successive monopolist makes no transfer payment and
has profit V|, = t, — k,q. The secondary successive monopolist makes a transfer
payment of t, to the primary successive monopolist and has profit V, = t, — kg
— t,. The final successive monopolist makes a transfer payment ¢, to the second
successive monopolist and sells to competitive producers in the final market, ob-
taining a profit V; = P(q)q — c¢q — kg — t5.

The Nash-in-Nash bargaining equilibrium consists of the transfers ¢; and 5.
The primary monopolist bargains with the secondary monopolist over the trans-
fer t, and with relative bargaining power a:

n’ltilx(t; —kq—1,)""(t, — k).

The secondary monopolist bargains with the final monopolist over the transfer t,
with relative bargaining power a:

mtax[P(q)q —cq—kyg—t]"" (@, —kqg—t)®

Given the final market output g, the equilibrium transfers are

a,Q 2
5 =kg+—>22—-|P(qQ)q—cq— > Kk 55
F=kg 1_a2+a2a3l (@)q —cq ; q} (55)
and
3
o
tr=kgq+kqg+——"2——|P(q)q—cq— > kg (56)
T=ka+kg 1_a2+a2a3{ 09— cq le q
This implies that the successive monopolists have the following profits:
a,a 2
V., = 23 P(Q)q—cqg— > k ] (57)
! 1—a, + a0, V4 ; 1
a; — o, 2
V,=—2—223 1P(q)q—cq— > kql, 58
T L le ,q} (58)

and
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:17a27043+a2043

3
Vv, P(q)q —cq — Zkiq . (59)
i=1
Vertical mergers do not improve the market outcome. The bargaining game
generates the same output that would be observed if the three successive monop-
olists were to merge vertically. By reasoning similar to that in proposition 1, I
obtain the following result.

-, + o0

Proposition 7. In the first stage, the weakly dominant strategy equilib-
rium in supply schedules is unique and equivalent to the profit-maximizing
bundled-monopoly output y* =g" (i = 1, 2, 3), so that equilibrium industry
input demand is g* = g™. In the second stage, transfers are unique, t* = t*(q")
(i = 1, 2), and total transfers are

(g™ + 15 (g™) = (o, + a,a)[P(q) —clg + (1 — o, — )k, + k, + k;)g.

The final price equals the joint-profit-maximizing price P(¢q™), and total transfers
are strictly less than the markup over producers’ marginal cost:

(g™ + £5(q") < P(g") —c.

Consumers’ surplus, total producers’ surplus, and social welfare in the two-stage
bargaining game with supply schedules are the same as with a vertically inte-
grated monopolist.

Successive monopolies with fixed proportions are thus identical to the
complementary-monopolies model, where the number of levels corresponds to
the number of complementary inputs. Just as the manufacturer purchases the
input, the input supplier can be viewed as purchasing manufacturing services.
The input suppliers and the manufacturer divide the rents from selling to the
downstream market because the successive monopolists cannot transact with the
competitive downstream market without transacting with each other. The result
implies that eliminating successive monopolies need not be a justification for ver-
tical mergers.

5.4. Bilateral Monopoly

Antitrust scholars have long debated whether bilateral monopoly is efficient
(see, for example, Friedman 1986; Blair and DePasquale 2015).%' Economists have
come to recognize that bilateral monopoly maximizes joint profits when the two
parties bargain over quantities and prices. Bargaining is efficient for any out-
come along the contract curve as shown by Edgeworth (1881) and Pareto (1903,
1971).% This result also is consistent with axiomatic game theory, which suggests

*' Horn and Wolinsky (1988) find that incentives for mergers are affected by bargaining in a
duopoly model in which each producer has a dedicated supplier.

#Tarascio (1972) considers the origins of the Edgeworth-Bowley box and identifies Pareto’s crit-
ical initial contribution. Coase (1960) observes that bargaining over externalities should generate
efficient outcomes when there are no transaction costs and small numbers of agents.
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that cooperative behavior should lead to maximization of joint benefits.” Non-
cooperative bargaining also generates Pareto-optimal outcomes; see Rubinstein
(1982), which implies that noncooperative bargaining between bilateral monopo-
lists would maximize joint profits.

One way to attain the cooperative outcome is for the upstream monopolist to
make a take-it-or-leave-it offer of a two-part tariff. The two-part tariff attains the
cooperative outcome because the per-unit tariff equals the upstream firm’s mar-
ginal cost, and the lump-sum tarift captures the downstream firm’s surplus. This
would generate an outcome at one end of the contract curve.

Bilateral monopoly is equivalent to the complementary-monopolies problem
with n = 2, because one seller can be viewed as selling part of the downstream
market to the other seller. Machlup and Taber (1960, p. 103) point out that Mar-
shall (1907) notes this equivalence.* Many economists have discussed bilateral
monopoly and complementary monopoly, so the issues raised in these discus-
sions are closely related.”

The present analysis suggests an alternative two-stage bargaining mechanism
for bilateral decentralized market exchange. In bargaining between a buyer and
a seller, the quantity purchased is strictly complementary to the quantity sold. If
a buyer and a seller propose supply schedules to each other, noncooperative bar-
gaining generates efficient outcomes as a unique weakly dominant strategy equi-
librium.

Suppose that the monopsonistic buyer has a willingness to pay for output g
given by [P(q) — c]g. The monopolistic seller can provide output g at a cost of
kq. Let g™ be the smallest output that maximizes joint profit [P(q) — ¢ — klq.
In the first stage, the buyer and seller each make maximum offers of the amount
to be exchanged equal to y, and y,, respectively. The quantity of output to be ex-
changed is given by the minimum of the two values, ¢ = min{y,, y,}.

In the second stage, the buyer and seller bargain over the transfer payment. Let
a be the buyer’s bargaining power, 0 < a < 1. The buyer’s profit is a[P(q) — ¢
— klg, and the seller’s profitis (1 — «)[P(q) — ¢ — k]q. Proposition 1 implies
that the weakly dominant strategy equilibrium is unique, and output is given by

# On unrestricted bargaining in game theory, see Shapley (1952), Aumann (1987), Aumann and
Shapley (1974), and Shubik (1982, 1984). The axiomatic approach includes, for example, Nash’s
(1950, 1953) bargaining framework, although Rubinstein (1982, p. 98) points out that “[i]t was Nash
himself who felt the need to complement the axiomatic approach . .. with a non-cooperative game.”

2 “Marshall, for example, mentions Cournot’s illustration of the monopolists supplying the cop-
per and zinc needed to make brass, and adds his own illustration of spinners and weavers supplying
complementary services in the production of cloth, without examining whether or not the more ob-
viously vertical arrangement in his case makes any essential difference” (Machlup and Taber 1960,
p. 103). The connection between complementary monopolies and bilateral monopoly was also noted
in Zeuthen (1930).

» Economists who have analyzed the closely related problems of bilateral monopoly and succes-
sive monopoly include Edgeworth (1881), Pareto (1903, 1971), Pigou (1908), Schumpeter (1927),
Henderson (1940), Leontief (1946), Fellner (1947), and Morgan (1949). See Hayek’s (1934) discus-
sion of Menger ([1871] 1934) on isolated exchange ; see also Wicksell ([1934] 2007). Bchm-Bawerk
(1891) studies supply and demand in terms of buyer and seller pairs.
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y* = yf =q". The equilibrium input price per unitis 7* = (1 — a)[P(q") — ¢]
+ ak.

This basic setting can be interpreted as the standard problem of bilateral ex-
change in which a buyer and seller propose maximum amounts that they wish to
purchase or sell. Suppose that there is a numeraire commodity and the buyer has
an endowment w of the numeraire. The buyer’s benefit is B(q) + w — rg, and the
seller’s benefit is (r — k)gq, where g is the good produced by the seller. Let g* be the
socially optimal output, B'(q*) = C'(q*). Proposition 1 implies that the weakly
dominant strategy equilibrium is unique, and output is given by y; = y5 =g *.
The equilibrium priceis r = (1 — a)[B(q*)/q*) — c] + ak.

6. Conclusion

Strategic interaction involving a combination of noncooperative supply offers
and bargaining over prices can generate an efficient outcome. With two-stage
bargaining as in the present model, complementary monopolists will maximize
joint profits, and the final market price will not exceed the monopoly levels. Ef-
ficiency with bargaining over supply schedules holds whether the downstream
market is perfectly competitive or monopolistically competitive.

Models that arbitrarily limit noncooperative interaction to posted prices or
posted two-part tariffs remove degrees of freedom. With posted-price competi-
tion as in Cournot, input prices and final output prices will exceed the monopoly
level. The present discussion suggests that the Cournot effect is due to restrictive
assumptions about competitive strategies rather than complementarities or input
monopolies.

With different market institutions such as negotiation of supply contracts,
competition among complementary monopolists can be consistent with joint-
profit maximization. Predictions based on the Cournot effect need not hold when
complementary monopolists engage in general competitive interactions with
supply schedules and price negotiation. Antitrust policy makers should not as-
sume that vertical and conglomerate mergers will increase economic efficiency
by eliminating multiple marginalization. In addition, conglomerate mergers of
suppliers leading to bilateral monopoly are not necessary for economic efficiency.
Economic performance with complementary monopolists depends on market in-
stitutions and the nature of strategic interactions.

Appendix
Proofs
Al. Proof of Proposition 1

Supplier 7’s profit in the first stage of the game is

vy y2) =6, {[P(q) —clg - iqu},
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where g = yand y; = (yi, ... Yios Yirs - - -5 ¥a)- Forany y_, let 3 = min{y ,}.
The profit-maximizing industry output may or may not be unique. Suppose first
that the profit-maximizing monopoly output g™ is unique. Consider first the pos-
sibility that y > g™. Then, because the monopolist selling the bundle of inputs
maximizes profit, it follows that v(q", y_) > vi(y, y_;) forall y,. If y; = g,

vilyo y) =5 {[P(‘J) —clg— iqu}.

So if ¥ >g", supplier i maximizes profit by choosing the monopoly output
y* =q™. Conversely, if ¥ <q", then because the bundled monopolist maxi-
mizes profit, it follows that v,(q™, y_,) > v,(y, y_,) for all y; and strictly for y, < ¥.
Again, supplier i maximizes profit by choosing the bundled-monopoly output
y* = q". This implies that the bundled-monopoly output is the unique weakly
dominant strategy for each supplier i, and thus the unique weakly dominant
strategy equilibrium is the bundled-monopoly output.

Now suppose that the profit-maximizing bundled-monopoly output is not
unique, and let ¢’ and "’ be monopoly outputs, where ¢’ < ¢”.1f ¢’ <y < q”,
then supplier i strictly prefers to offer the lower monopoly output to any other of-
fer, y* =q’. If g” <, then supplier i is indifferent between the two monopoly
outputs. If ¥ <¢q’, then the supplier is indifferent between ¢’ and ¥ and strictly
prefers g’ to any y, < y. Therefore, the smallest profit-maximizing bundled-
monopoly output g™ is the weakly dominant strategy for each supplier i. Sum-
ming input prices evaluated at g™ gives

Zr* —[Zﬁ}P(q )—c]+ [I—Zﬂ]Zk
i=1
Total per-unit tariffs satisfy
irf <P(@")—c
i=1
because bundled-monopoly profit is positive;

(P(q") — clg" > ijqM and Zﬁi <1.
i=1

=

Q.E.D.

A2. Proof of Proposition 3

The game is solved by backward induction. The bargaining stage gives total
transfers

t¥(q, x) = B;|P(g)x — C(x) — ka + kx.

So complementary monopolists have profit equal to V., =mt} — k,q so that

i
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V, = 5,|P(q)qg — qAC(x) — iqu )

This means that V;/3, = VM(q, m, p, I')/ .

Because V; > 0, competitive entry continues until m = min{m,, m,, ..., m,}.
In addition, because the producer’s profit is nonnegative, P(q) > AC(x) >
AC(xy). Increasing marginal cost implies that the unconstrained input demand is
greater than at minimum efficient scale, X[P(q)] > x,. The demand for inputs is
x = min{X[P(q)], g/m}.

For any y_, let ¥ =min{y_,}, where y,, = (y1»..., ¥ 1> Yis1» - - - » ). For any
m_, let m = min{m ,}, where m_;, = (my, ..., m_y, m,,...,m,). Supplier i’s
profit in the first stage of the game is

‘/i()’,», y,p mi’ m,i) = ﬂi P(ymin)ymin - ymmAC[%] - Zk]q
j=1

Given {y}, ¥ ..., ¥}, define my = y.../x,. Consider first the possibility that
m > m,. Then, because average cost has a minimum at x,, Vi(y, y_, mg, m_) >
Vi, vy m, m_) for all m,. Conversely, if m < m,, then because average cost
has a minimum at x,, it follows that V(y,, y_, my, m_) > Vdy, y_, m,, m_;) for all
m; and strictly for m; < m. This implies that m, is the unique weakly dominant
strategy for each supplier i and thus is the unique weakly dominant strategy equi-
librium. So, given free entry, the number of suppliers is 71, = Y./, so that x =
x, for all y,;,. Suppliers operate at minimum efficient scale, and input demands
are constrained.

Now I can write supplier i’s profit as

Vi(¥i:7-1) = B P(Viwin) Yiwin — Vi AC(X) — ijymin .
=1

Applying reasoning similar to that in the proof of proposition 1, I find that this
implies that in the first stage, the weakly dominant strategy equilibrium in supply
schedules is unique, y* =g" (i = 1,...,n), and g¢* = g™. This uniquely deter-
mines output per producer x™ and transfers ¢} (i = 1,. .., n). Because producers
earn positive net returns, entry implies that m™ = g"/x,. Because

>4 <1
i=1

I have
> ot < P(gM)x, — Clx,).
i=1
Social welfare is W(p, x,) = CS(p) + PS(p, x,), where consumers’ surplus is

Cs(p) = [D(2)dz,
P
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and, because mC(x,) = AC(x,)D(p), total producers’ surplus is

PS(P’ xo) = 'P - AC(xo) - ikz D(P)

Q.E.D.

A3. Proof of Proposition 4

Note that ¢ = mx* and

q°=D

n 1 n
ACKM) + Y0 + =) R
j=1 X =l

I can write the complementary monopolists’ profit-maximization problems as
follows:
/*

> RS +R,

j=i

>

CxA n
%+er+r,+

j=i

max[r,. —k + %JD
7 R; X

where

xt = x i=1,...,n).

> R{ +R

j=i

The first-order conditions are
R
D+[r,. —k, +—1;]D’:0
x

and
PO RixA/
(x*)?

Combining the first-order conditions and noting that

n 1 n
Pt =ACM) + )t + x_AZR,.C
j=1 i=1

R .., 0p"
D+|r—k +——|D'=*—=0.
[r xA] OR

gives
A A’ A n
i i=1
This implies that

c _ 1o AN LA A -
Rf =—C'(x")x" + C(x")+ > _R,,
j=1
so R = 0 for all i. So each producer operates at minimum efficient scale, x* = x,.
Because lump-sum tariffs equal 0, complementary monopolists choose r; to
maximize
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AC(x,) + Y 1l +1.

j=i

(7} _ki)D

Per-unit input tariffs 7 solve the modified Cournot first-order conditions

D|AC(x,) + > ri |+ (" —k)D’

=

AC(x,) + er] = 0.
Summing over n gives the following condition:

iz;:rf - ,-z;:k’ =—n {D }/{D’ ”

I can derive the bundled-input monopolist’s profit-maximizing choices in the
same way. It follows that the bundled-input monopolist chooses a lump-sum tar-
iff of 0, R™ = 0, and the price of the bundle  solves

AC(x,) + ch
j=1

AC(x,) + Z r°
=1

max[r — iki JD[AC(xO) +r].

The price of the bundle satisfies the first-order condition

M 1 D[AC(x,) + rM]
N = X T
' ; T T DACK,) + ]

By log concavity of demand,
> ot >t
i=1
So
' = D[AC(x,) + ;'] > ¢“ =D

AC(x,) + erc
j=1

This implies that CS[P(g}")] > CS[P(¢“)], PS[P(qy'), X,] > PS[P(q°), x,], and
WIP(qy"), x,]1> WI[P(q°), x,]. QE.D.
A4. Proof of Proposition 6

The first-order conditions for the Nash cooperative bargaining solution imply
that

t*—k.izi
Toom 1—q

4. .09 .9 Ny« P —
P[m,m]m Cm ;tji i=1...,n).

Summing both sides over i gives
>t=1/
j=1

X {Z %

P e

1+Z(O‘i /1—q;)
j=1

p[%. m] e

g ~~, 4
%-FZI(;E}.

j=1
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The equilibrium transfers that result from Nash bargaining are
— 9. -

= B, P[E’ m] —c— Zlkj
=

where the weights (3; are the same as before. The transfers ¢ = t}(gq) are unique
functions of industry demand for inputs.

It follows that at industry demand g for inputs, the equilibrium profit of each
input supplier i is

44 =1...,n),
m m

Vi(g, tfs ., ) =0, (i=12...,n).

P[%; m]q —cq— ijq
j=1
Supplier #’s profit in the first stage of the game is
Vi (}/i’ y—i) =0 P[%; m]q I Zqu
j=1
where g = ypnand y; = (v, -+ 5 Vit Viens - - - » V). By arguments similar to those
in the proof of proposition 1, the weakly dominant strategy equilibrium is unique

and equivalent to the smallest profit-maximizing monopoly output, y* = g" (i
= 1,..., n). Substituting for output gives total transfers as a function of output:

211"
i=1
By profit maximization
m

M
q_;m]_c
m

>

q" >> kq".
j=1
This implies that

p qM :quM_i_meM.

mi: tr <
i=1

Q.E.D.
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