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ABSTRACT 

This dissertation studies the market efifects of competition and cooperation 

between otherwise noncooperative firms. The first two chapters present theoretical 

treatments of joint ventures and mergers, respectively, while the third chapter ^plies 

sophisticated econometric techniques to market data generated in controlled experiments. 

A conunon thread ties the theoretical chapters; cooperation can be socially benefidal 

under some fairly general conditions. These conditions are derived and elucidated in each 

chapter. 

Despite potential social gains fi-om combinations of otherwise competitive firms, 

consumers may nevertheless experience increasing prices. The goal of antitrust regulation 

is to ensure the competitive operation of markets, for the sake of consumers as well as 

non-combining competitors. The ensuing tension between social efficiency and higher 

post-combination prices is studied in detail in both of the first two chapters. In the case of 

a production joint venture, it is shown that relationships which are closer than "arm's 

length" can be socially optimal, although antitrust regulation clearly discourages such 

relationships. In the case of mergers, it is shown that combinations of large firms can not 

only increase aggregate welfare, but may increase consumer welfare under entirely 

plausible conditions. These results support a broad, rule-of-reason approach to interrival 

cooperation. 

The third chapter studies the tendency of non-cooperating, financially motivated 

subjects in controlled experiments to play as though they observe a particular adjustment 
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process. There have been many experimental and field studies of the Coumot model, but 

the process of adjustment to equilibrium predictions has not been a major focus. Studying 

the observed play of experimental subjects in the Coumot environment is important 

because it can allow for greater understanding of where the model's assumptions &il in the 

field. Understanding adjustment can require some relatively advanced econometric tools, 

which are discussed and employed in the third chapter. It is shown that subjects do not 

individually conform to theoretical adjustment predictions, but behavior at the market level 

does approach predictions fairly oflen. 
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1. Introduction 

The study of cooperation or collaboration' in oligopolistic markets, and the 

application of theory and empiricism to policy, has a long history in industrial 

organization. The notion of collusion by market rivals was given an analytical foundation 

by Augustin Coumot more than 150 years ago, and for decades antitrust policy has been 

informed to varying degrees by economic analysis.^ The past two decades have witnessed 

renewed interest in the phenomenon of interrival collaboration, for two significant reasons. 

First, cooperation has become a more prominent aspect of many market structures. 

Industries characterized by large product development costs and short product lives have 

exhibited myriad cooperative efforts. The computer industry is perhaps the best example 

of a market structure almost defined by cooperation, although costs and product lifespans 

are only two reasons for collaboration. Product standardization and compatibility also 

seem to be issues which have generated cooperative behavior in the computer industry' 

The second reason for academic and professional interest in interfirm cooperation 

is that relatively new game theoretic techniques can offer new insights into the incentives 

' The nouns **cooperation" and "collaboration" have similar meanings, but I draw a distinction bet^^een 
the two in the conte.xt of oligopoly. Collaboration is a slightly stronger concept which implies that two or 
more firms work toward a common goal. I assume that cooperation is slightly weaker and can include 
activities that do not necessarily wed the interests of competitors. In this sense, "conscious paiallelism** 
would be a reflection of cooperation rather than collaboration. 
~ Bork argues that the application of economic theory to antitrust policy has been sporadic at best, and 
totally none.\istent at its worst The result he maintains, are sets of leg^ precedents and theoretical 
insights which are fundamentally at odds. 
^ In the 1960's. the chemical industry experience a large amount of collaborative activity, but the driving 
force behind the agreements was the homogeneity of the products. Joint ventures in the chemical industry 
seem to have been motivated by economies at the production and delivery stage. 
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and effects of cooperation. The standard techniques of analyzing price or quantity 

competition - namely the Coumot and Bertrand price competition models - have been 

workhorses in industrial organization because of their tractability and gross approximation 

of actual market behavior. Interrival cooperation can be meaningfully juxtaposed with 

such theoretical models, and the results can help policymakers understand the implications 

of cooperative efforts. The introduction of probabilistic demand systems in oligopoly 

models is a prime example of a new technique that adds both richness and testability to the 

theory. The actual effects of interrival cooperation, which can be ambiguous in some game 

theoretic settings, can be understood in their fiill context when new techniques are brought 

to bear. 

This dissertation extends the theory of collaboration in two distinct directions and 

presents a general method of analyzing data from oligopoly experiments. The two 

theoretical treatments use game theoretic models of oligopoly to study production joint 

ventures and mergers, respeaively, while the empirical treatment contributes perspectives 

on data analysis for a fairly wide class of economics e.\periments. 

The first chapter, •'.•\n Analysis of Production Joint Ventures," considers the 

private and public incentives for joint ventures which involve potential product market 

rivals. There are many possible formats for jointly productive behavior, the first chapter 

considers two special types of agreements. In each type, the joint venture participants 

agree to fund a production facility which exhibits increasing marginal costs. The 

responsibility for maiiceting output creates the distinction between the two types of joint 

venture, and it is shown that the type of agreement has definite price implications. The 
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primary reason for studying the price effects of joint ventures is to evaluate existing 

antitrust policy, which does not currently have explicit guidelines for the treatment of 

production joint ventures. 

The results of the first chapter imply that cooperating firms with large cost 

asymmetries can lower the market price relative to Coumot equilibrium prices. As the 

transfer price for the joint venture output converges to its marginal cost, the more likely 

the firms are to decrease the Coumot price. An "arms-length" relationship between the 

firms, represented by a margin on the transfer price, makes the joint venture less efficient 

relative to duopoly. When both firms market the output in a joint venture, the upstream 

cost sharing contract determines how close the firms can come to creating a Pareto 

improvement over simple Coumot competition. When both firms market output form a 

single production facility, social welfare (consumer surplus plus profits) is most likely 

improved by simple elimination of fixed costs. The results in this chapter imply that 

antitmst policy should follow a rule of reason standard to production joint ventures, even 

when there are few potential competitors in a given market. 

The second chapter. "Merger Analysis With Efficiencies and Product 

Differentiation," explores some important issues in theory of merger analysis. Antitrust 

policy for mergers, which is elucidated in the Merger Guidelines, accounts for both 

product differentiation and the notion of cost efficiencies. However, the interplay between 

these two factors is not explicitly recognized in the Guidelines. Most mergers involve 

firms with differentiated products, and cost savings are typically cited as a benefit of 

merger. To date, no theoretical treatment of these types of mergers has been presented. 
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and the use of flexible, estimable demand systems for product differentiation is relatively 

new 

The notion of product differentiation is embodied by a multinomial logit demand 

system, in which demand for competing varieties is given as a probability of purchase by a 

representative consumer. Marginal costs for each firm are assumed to be fixed, while 

postmerger marginal costs are allowed to decrease for each merging firm. It is shown that 

very small decreases in marginal costs for merging firms can combine with powerful 

demand-related substitution effects to create large changes in profits and aggregate 

welfere. It is also shown that size asymmetries between merging firms can have greater 

welfare implications than mergers between like-sized firms. This chapter uses computer 

simulations to calculate welfare and price changes. This is due to the fact that the logit 

demand specification does not admit closed form solutions for postmerger prices, so 

numerical methods are necessary. 

The final chapter is an empirical study of quantity competition in an experimental 

market setting. The Nash-Coumot equilibrium concept is ubiquitous in the industrial 

organization literature, partly due to its relative ease of computation and interpretation. 

However, it is unclear whether even the simplest specification of Coumot quantity 

competition has any predictive power in actual markets. Experimental methods have been 

used for decades to test implications of economic theories; the final chapter in this 

dissertation discusses some statistical approaches to understanding the dynamics of 

interrival behavior While this chapter does not discuss cooperation between potential 

rivals, it sheds light on the relevance of noncooperative equilibrium concepts. 



12 

The results of the final chapter imply that human subjects in a controlled economic 

environment do not behave as if they are following static Coumot equilibrium strategies. 

Focus is therefore shifted to the celebrated rest response dynamics, in part to determine 

whether financially motivated subjects eventually learn to play equilibrium strategies. Little 

support is found for the learning hypothesis, and the balance of the chapter discusses 

econometric methods for analyzing data in controlled, dynamic environments. 
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2. An Analysis of Production Joint Ventures 

I. Introduction 

Production joint ventures (hereafter Ws) have been a significant element of market 

structure in many industries; they have been particularly common in chemical and 

manu&cturing industries. Joint venture activity is currently ubiquitous in high technology 

industries characterized by large development costs and rapid rates of technological 

innovation. Production joint ventures are a particularly interesting form of interrival 

cooperation because each participant can share in the costs and benefits of the venture 

while maintaining its original identity. 

In degrees of interrival cooperation, production joint venture activity lies between 

independent, noncooperative activity and fiill merger. Joint ventures are distinct fi-om 

mergers because they link the fortunes of participating firms for a specific purpose or a 

limited amount of time. By their nature, joint venture contracts can specify an array of 

interfirm relationships, so the actual effects of JVs (both private and social) can be difficult 

to gauge a prori. This paper presents models of joint venture activity between potentially 

rivah-ous firms who produce homogeneous products; a primary focus will be on price 

effects of joint ventures. I show that production incentives in joint ventures are in part 

determined by various forms of efficiencies obtainable through joint venture and by the 

provisions of joint venture contracts. 



14 

The set of possible market outcomes under joint ventures is unclear. Antitrust 

scholars have speculated about the competitive eflfects of joint ventures for some time 

(Pfeffer and Nowak, 1977; Brodley, 1982); economists have only recently begun to 

contribute to the joint venture literature (Bresnahan and Salop, 1986; Reynolds and 

Snapp, 1986). In determining potential market outcomes, legal scholars have focused on 

welfare tradeoffs present when interrival cooperation through joint venture increases 

concentration and (perhaps) lowers costs.** Given this tradeofiEi a typical legal approach to 

joint ventures recommends identification and consideration of all possible economies or 

cost savings obtainable through joint venture. This approach implies a rule of reason 

treatment of most joint ventures.' Economists, however, have only focused on market 

concentration implications. The economics results imply that production joint ventures are 

uniformly pernicious because they create interrival linkages that impede competition.^ 

Even so, some economists (Shapiro and Willig, 1990) have recognized the efficiency 

potential of joint ventures and have proposed a policy approach similar to that of the legal 

scholars.^ 

The efficiency potential of cooperative activity stems from economies at some 

stage of production that no independent producer could realize, or fi-om cost-lowering 

"synergies" that obtain when firms combine complementary resources. These types of 

^Oliver Williamson (1968: 1977) studies the welfare-concentration tradeoff in a quantitative, partial 
equilibrium framework. 
^On the other hand, some joint ventures may represent naked agreements to fix prices or quantities. 
".A. significant weakness in the economists' q>proach to joint ventures is that th^ do not distinguish 
between losses of actual and potential competition. I address these issues in this paper. 
Recognition of efficiencies has led to recent legislation e.xtending the National Cooperative Research Aa 

to include production joint venture activity. 
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efficiency arguments have been cited in defense of market power-creating horizontal 

mergers (Farrell and Shapiro 1990); other writers (Fisher. 1987) have been skeptical of 

efficiency arguments. Joint ventures complicate the concentration/efficiency dichotomy in 

two important ways. First, there are many ways to specify the terms of a joint venture, so 

it is difficult to specify exactly when and how efficiencies would be realized. In the 

computer industry, there is considerable evidence that joint ventures are often undertaken 

so that firms can share huge costs of product development. Also, joint ventures that 

involve panial equity interests have been shown to confound the usual measures of market 

concentration. 

One specification of a general joint venture contractual form is presented by 

Reynolds (1990) in his study of cotenancies. In a cotenancy, participating firms fund and 

share a common production facility and engage in product market competition. 

Cotenancies are an interesting special case of activity because they are a means by 

which competition may naturally arise with increasing returns to scale. Spiegel (1993) 

considers subcontracting agreements between product market rivals, where efficiencies are 

manifested by rationalization of production costs. Spiegel uses strictly decreasing returns 

to justify joint venture activity. However, in many JVs, a new firm (or new capacity) is 

initiated by the parents to produce or distribute the A' output. In some cases the JV firm 

competes against its parents. In these instances, cost savings may be realized when fixed 

costs are not duplicated or when marginal cost decreases result from coordination of 

efforts. This paper examines efficiencies obtainable when firms share costs and/or delegate 

productive activities between themselves, perhaps to lower costs. To guide the analysis. 
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I study joint ventures that are similar to the General Motors-Toyota JV * This venture was 

scrutinized by the Department of Justice and the Federal Trade Commission, and was 

ultimately allowed to continue. The joint venture, called NUMMI,' was scrutinized with 

respect to the notion of potential competition, which deals with the likelihood that one or 

both of the parties to the JV would have entered the relevant market had the venture not 

occurred.'" The authorities assumed that independent entry by the potential JV parents 

was preferable to the JV itself, and that a JV arrangement was perhaps collusive if one or 

both of the parents was "sitting on the sidelines" in the market. In evaluating the case, the 

FTC and the DOJ attempted to determine whether economies were present, whether new 

capacity was being created, and how the significant terms of the JV contracts might affect 

ultimate market outcomes. Each of these factors is important in its own right; the rest of 

this paper is devoted to modeling these aspects of JV agreements. 

NUMMI commenced in 1983." At the time, GM had been losing market share and 

needed to quickly and credibly market an attractive, fuel-efficient car. Toyota's U.S. 

market share was still comparatively low, and it viewed NUMMI as a way to test the 

waters for more substantial capacity investment in the United States. General Motors 

agreed to help fiind a new plant'" and also agreed to buy and market the JV product. 

NUMMI produced the 1980's incarnation of the Chevrolet Nova. The new Nova 

more recent e.xample of a production JV is the one formed in 1991 by Te.\as Instruments. Canon. 
Hewlett Packard, and the Singapore Economic Development Board to manufacture DRAM chips for 
computers. 
'NUMMI is an acronym for New United Motor Manufacturing. Incorporated. 
'"Potential competition argimients have been used in many significant antitrust cases, including i'.S. v. 
Procter &Gambte {396 U.S. 568. 1967). 
"Kwoka (1989) discusses the joint venture agreement in detail. 
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(Chevrolet had previously discontinued production of its 1970's Nova design) was 

basically the same design as a Toyota Corolla. The terms of the joint venture contraa 

specified a transfer price for the Nova; this price was determined by Toyota's wholesale 

price for Corollas and by an index of wholesale prices of ten similar small cars. The 

Corolla was weighted the most heavily of all cars in the index. Both GM and Toyota had 

right of refusal, and could then bargain over an alternative transfer price. 

The joint venture agreement basically specified a vertical relationship between GM 

and Toyota, and the terms of the agreement were negotiable. A natural concern was that 

the transfer pricing formula was somehow collusive; after all, the transfer price was tied to 

Toyota's own price for a close substitute. An increase in the price of a Corolla (which 

Toyota could effect unilaterally) would affect the amount GM paid for the Nova, which 

would in turn affect retail prices This effect was mitigated to the degree that other 

competing small car prices were included in the pricing formula. 

'Toyota installed its plant in an unused GM plant in Fremont, California. 
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n. The Models 

In this paper I consider two basic types of joint venture as alternatives to totally 

noncooperative activity. The first type is similar to a cotenancy in that participating firms 

agree to fund an upstream production plant. Each participant can then place orders with 

the plant and market its output. Cost sharing is a crucial aspect of this particular kind of 

joint venture, since variable costs are convex and fixed costs may be too large to permit 

activity by both firms together. When production costs are strictly convex, marginal costs 

are increasing, and marginal units are therefore mcreasingly expensive. 1 study the effects 

of various cost sharing agreements that address this issue. 

The second type of joint venture agreement creates a vertical relationship between 

the two firms: one firm operates the upstream production facility, while the other firm 

markets the output. Agreements of this type can be mathematically equivalent to a merger. 

The joint venture character of the model depends on how transfer prices for the joint 

venture output are selected. 

In the production game I study there are two firms who produce a homogeneous 

product for sale in a market; entry is assumed to be unprofitable in the immediate run, 

perhaps due to fixed costs Firms have two types of variable costs: capacity (or 

production) costs c(x,) and marketing costs / = 1,2. I assume constant returns to 

scale in marketing: =m,r^. Fixed costs associated with constructing a plant are 
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written as F and apply to each finn." The x, are outputs for the respective firms. Inverse 

market demand is given by p{X), X = x, -t-x,. I make the following assumptions about 

costs and demand: 

1.  p i X )  is twice continuously dififerentiable with p '  < 0  and p "  < 0 ,  

2. c is twice diiTerentiable and strictly convex with c(0) = 0; 

3. m, = (I + a)m| for a > 0. 

Assumption 2 ensures that the two firms produce marginal units fi"om one plant 

more expensively than if each firm had its own facility. Assumption 3 implies that for a 

given level of output, firm I is at least as efficient as firm 2 in marketing. In the production 

game without a joint venture, the two firms independently and simultaneously choose 

profit-maximizing outputs. After production decisions have been made, the market price is 

determined fi-om the inverse demand curve. Section A investigates output implications of 

the cost assumptions; Section B presents the joint venture model. 

This assumption involves some loss of generality. Joint ventures are sometimes undertaken because one 
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A. Independent Activity 

Profit functions for the independent firms are: 

' = 1^2 (I) 

It is convenient to drop the subscripts on the marketing costs and consider them as 

multiples of one another. First order necessary conditions for profit maxima are therefore; 

 ̂= p'x, + p-m-c'ix,)<0 (2) 

t3c. 
= p'x. + p-(l-^a)m-c'(x^) <0 (3) 

X, = 0; X, 
V <3r, J 1 ' J " 

(4) 

For sufficiently small marketing and fixed costs, assumptions 2 and 3 guarantee the 

existence of an interior Coumot-Nash equilibrium,'"* so the first order conditions hold 

with equality. The following set of lemmas summarize output and profit comparisons in 

the Coumot game: 

partner has an advantage in production, which may sometimes be expressed as a comparative advantage 
in 6xed costs. 
'̂ Assumptions 1 through 3 ensure that the equilibrium is unique; see Shapiro (1989). 



21 

Lemma I. For a > 0, firm 1 produces more output in a Coumot equilibrium. 

Proof: Firm I produces more in equilibrium if its costs are lower. From the first order conditions. 

/« + c'(Jf,) </n(l+ or)-t-c'(x,). To maintain the equalities in the first order necessary 

conditions, x, > in equilibriimi. • 

Lemma 2, For any a > 0. firm 1 earns more profit than firm 2 in a Coumot equilibrium. 

Proof: By Lemma 1. x, > x, in a Couraot equilibrium.. Suppose firm 2 earns more profit than 

firm 1 in equilibrium: /7(x, + x, )x, - (1 + a)mx^ - c(x,) > p{x^ + x, )x, - mx, - c(x,). This 

implies that m + c(x, )>m(I + a) + c(x,). which in turn implies that or < 0. a contradiction.* 

L e m m a  3 .  F o r  a n y  a  > 0 ,  f i r m  2 ' s  ( f i r m  I ' s )  e q u i l i b r i u m  o u t p u t  i s  d e c r e a s i n g  ( i n c r e a s i n g )  i n  a  .  

Proof: Differentiate the set of first order conditions with respect to a to 

obtain; ^1! dx  ̂[da "o" 

^ •> J ^ dx\ [da m 
Using Cramer's rule. •^ = . and 

TH —^ . The denominator in each derivative is positive, and /t„ < 0 by assumption. 

Likewise. concavit>- of profit ftinctions implies that ;r„ < 0 .• 

Lemma 4. There e.xists an a > 0 and fixed costs F >0 such that firm 2 chooses not to produce 

and firm I acts as a monopolist in a Coumot equilibrium. 

Proof: Lemma 3 shows that firm 2's equilibrium output is decreasing in a. Since the profit 

flmcdons are concave, equilibrium outputs are continuous in their arguments. Consider a level of 

fixed costs and larger and larger a. Firm 1 always produces more output, so firm 2 is always first 

to exit, at which point firm 1 acts as a monopolist in the Coumot equilibrium. • 

Lemma 5. Equilibrium market output is decreasing in a. 
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Proof: Differentiate the identity s -t- with respect to a and sum the partial derivatives 

computed in the proof of Lemma 3. Market output is decreasing in or iff ;r,, > ;r,,. Subtractmg. 

~^\z  =  P ' -c"  < O * 

The significance of Lemmas 1 and 2 is that if firm 2 has lower marketing costs, it 

earns more equilibrium profit than firm 1 (because it produces more equilibrium output). 

Likewise, firm 1 is more profitable in the Coumot equilibrium if its marketing costs are 

sufiBciently small relative to a and m,. In a later section I describe joint ventures that 

involve a transfer payment firom firm I to firm 2; the configuration of marketing costs 

affects the size of transfer payments. Lemmas 3 and 4 imply that an increase in a 

decreases firm I's Coumot output more than it increases firm 2's output. As a final point, 

the separability of the cost functions implies that each firm is vertically integrated in the 

Coumot game. The next two sections describe relationships in which each firm may not 

own or operate all aspects of its technology. 
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B. Cotenancies 

In a contenancy agreement, the two firms agree to share fixed and variable costs of 

production. Rather than consider transfer prices for units of output ordered fi'om the plant, 

I consider rules that allocate cost shares. Given fixed costs of Fand a cost function c(.), 

a cost allocation rule (or a set of shares) is a quadruple A = such 

that for all x,, x, > 0, j, (.) + s, (.) = I." Notice that the fixed cost shares are not included 

in the cost allocation rxile; this is done for convenience. Each firm pays a constant 

percentage of fixed costs, , / = 1,2. Profit functions for the individual firms are written 

as; 

;r, = p{X)x^ -mr, -s^{x^,x,)c{X)-k^F (5) 

TV, =/7(A')X, - (1+a)MR, - 5,(x, +x, )c(,\')-^,F (6) 

Assuming an interior Coumot equilibrium, first order necessary conditions for 

profit maximization are; 

^ = p'x,-^ p-m-c{X^^-s,c'{X) = Q (7) 

=  • r p - ( l - i - a ) m - c ( X } ^ - s . c ' ( J O  =  0  (8) 
Of, <3c. 
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The share functions must satisfy some regularity conditions for a Coumot 

equilibrium to exist. Examining the first order conditions, shares must be positive for an 

arbitrary positive level of own output. The share functions must also be twice continuously 

differentiable and increasing in own output at a decreasing rate. These conditions are 

sufficient to preserve equilibrium existence. To see how the notion of dual operation from 

a single facility afiects standard results in oligopoly, consider the set of second order 

derivatives, derived from (7) and (8): 

1 = ^xP" + 2/7' - 2-^c' - - 5,c" (9) 
cr, <3r,' 

;r,, = x,/>"+ (10) 

^zx = ^zP" + P' " 
cx,cx^ dr, 

7t,,=x.p"^2p'-l^c'-c^-^-s,c" (12) 
<3r, Gcz 

Equations (10) and (II) determine the slopes of the reaction functions in the 

production game. With standard Coumot competition, there are no cost elements in the 

cross partial derivatives, so assumptions 1 and 2 ensure the familiar downward-sloping 

Coumot reaction functions. A sufficient condition for downward sloping reaction 

We also require that j;(0.r^) = 0 so efiectively there are no sunk production costs. 
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functions in the production game with a cotenancy is that shares must be increasing in own 

output. The signs on the cross partial derivatives in (10) and (II) are less intuitive. 

Reaction functions are downward sloping if marginal shares are increasing in rivals' output 

(or if they do not increase too quickly) and if a firm's share does not decrease too quickly 

when rivals' output increases. These provisions imply that share functions must be feiiiy 

well-behaved in order for a Coumot equilibrium to exist wdth the usual downward sloping 

reaction functions. In sum, reaction curves are downward sloping if*' 

<ci. 
i _  

3c. 
c' -sC 

I  
< c-

d^s. 
i _  

Sx.dK 
I J 

• + c' l _  
<3r 

i^j (13) 

A sufficient condition for uniqueness of a Coumot equilibrium with proportional 

costs shares is \.r^\ >k|- That is, the inequality 

p' -C ^ 
dx. dx' 

& i 
(14) 

is sufficient to ensure a unique Coumot equilibrium. 

An intuitive (and well-behaved) share allocation rule is one in which each firm pays 

a proportion of upstream variable costs equivalent to its market share. Proportiottal cost 

With linear demand and the same cost function as in the previous footnote, reaction functions are 
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X 
sharing is defined by the set of functions 5, = •=r-'— for all / and y = I n. Proportional 

I/' 

cost shares have the following derivative properties: 

^ X ^ —X, X — X 
— = —r; — = W; = —^/ = U (15) 
ac, (r,+x^)- aCj (x.+x^)- ac,ac^ (X,+X^) 

The cross partial derivative is zero if each firm produces the same amount, and is 

positive for firm I (and negative for firm 2) when a>0." Proportional cost sharing has the 

interpretation that the larger firm bears a larger percentage of the upstream production 

costs. Of course, the larger firm is also more responsible for causing marginal produaion 

costs to increase. In this sense, the larger firm imposes an externality on the smaller firm 

when the firms order output fi-om the production facility. In the foregoing model, 

differences in firm size are driven entirely by the parameter a The following set of 

lemmas characterize output comparisons using proportional cost shares. 

always downward sloping. 
' A simple e-xample reveals more about production incentives with proportional cost shares. With iin<^r 
demand and c(x) = x\ firm I's profit fiincdon is tc, =(a~x, -r.)x,-mr, -r,{r, +x,). Firm 2's output 
clearly imposes a negative externality on firm I in two important ways. The first e.xtemali^- is the familiar 
one in which firm 2's output depresses the market price. The second extemalitv- is impaned when firm I's 
marginal production costs are increased by "congestion" in the production facilitv due to firm 2's demand 
for output. 
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Lenuna 6: For a = 0, firms produce the same amount of output and share upstream costs 

equally. 

Proof: The first order conditions differ only by their subscripts; 

X. X 
p'x •>r p — m-c{x +x ) ^ '•—c' = 0 for / = 1,2. Since marginal costs are the 

' ' (X.+x^)- x,+x^ 

same for each firm, x, = x. = x. This implies that s, = 5, =5. • 

Lenuna 7: Firm Ts (firm 2's) equilibrium output under proportional cost shanng is increasing 

(decreasii^) in a. 

Proof: Identical to Lenuna 3: use the second order sufficient conditions to form the matrix equation 

To verify that —- > 0, we need onlv verifV- that (10) is negative 
c a  

c 
under proportional cost sharing. That is, we must have (after some rewriting) c' > . With 

X, +x, 

decreasing returns at the production stage, marginal costs are alvvays above average costs, so the 

inequalitv- holds. The same relationship between marginal and average costs holds for firm 2. so its 

output is decreasing in a.« 

Lemma 8: Equilibrium market output is decreasing in a. 

Proof: Identical to the proof in Lemma 5.* 

/ da " 0 "  

TV J  Tt ! da m 

Because the two firms produce from the same decreasing returns upstream 

technology, total variable costs are higher than they would be if each firm built its own 

plant. Any efficiencies (or welfare improvements) due to cooperation would then have to 

result fi"om fixed cost savings. Since the two firms effectively cooperate in production. 
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private incentives for a cotenancy can be determined by comparing aggregate costs. For 

some level of output, the two firms prefer a cotenancy-type joint venture if 

c(x,+x,) + F<c(X;)-f-c(x,) + 2/*' (16) 

Rewriting, the contenancy is privately preferred if 

c(A')-c(x,)-c(x,)<F. (17) 

Given the assumptions on c( ), the left hand side is positive for positive levels of 

output, so there is always some level of fixed costs that justifies a cotenancy-type joint 

venture. The inequality is relaxed as c(.) becomes flatter, this implies that relatively lower 

fixed costs can justify a cotenancy when marginal production costs do not increase very 

quickly. 

While fixed costs may be large enough to make a cotenancy an "equilibrium" 

phenomenon, the joint venture may not improve market welfare. This is so in part 

because the particular form of the joint venture specified makes for unambiguously lower 

market output than would exist unuer totally independent activity. This general result is 

outlined in the next two lemmas. 
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Lemma 9: Market output is always lower with a cotenanc>- than with independent Coumot 

activity. 

Proof: It suffices to show that the total social costs of any level of output are higher with the 

cotenancy than with Coumot competition. Clearly one can ignore fixed and marketing costs. 

Cotenancy output is higher if and only if (5, + 5, )c(x, + x,) < c(x,) + c(x,). The properties of 

the upstream cost function rule out this inequality', ho^\'e\-er. so market output is larger under with 

mdependent activity.* 

The significance of Lemma 9 is that any social gains due to fixed cost sharing may 

be eroded by a higher dowttstream market price. Lemma 10 sheds more light on 

production incentives with any permissible cost sharing scheme. 

Lemma 10: The cotenancy-type joint venture specified by a cost allocation rale A induces at least 

one firm to produce less output than it would under Coumot competition. 

Proof: There are six unique cases to consider, each of which is taken in turn; 

CASE 1: x,"""^ = x,*"; / = 1,2. In each case it suffices to compare production costs only. In this 

case, outputs are equal if and only if c(x.) = / = 1,2. Summing the equaUties and noting 

that shares are exogenous and sum This contradicts strict 
c ( X )  

convexity of c(.). so both outputs cannot remain constant. 
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CASE 2; ' = U2. Working with production costs, this would imply that 

< I. This IS permissible under the definition of upstream costs, so for some distribution 
c ( X )  

of cost shares, both firms may produce sub-Coumot outputs. 

CASE 3; > xf; / = 1,2. This case simply reverses the inequality of case 2, which violates 

strict convexity. Both cotenancy outputs cannot be greater than Coumot levels 

CASE 4 xf°^ > rf, x^°^ < f. ' ̂  7 This case requires < s, and > 5^. or 

1 V c(x^) 
simpiv 5, > —(1 -i ) . Since 5, e(0,l), the right hand side of this inequalitv must lie 

2 c( X) 

between zero and one. This is clearly true, given the strict convexity of production costs. From 

Lemma 9, however, we know that the sum of joint venture outputs is less than the sum of Coumot 

outputs. 

CASE 5; xf°^ = xf, x^°^ > . This \ields the same inequality as in case 3. 

CASE 6; x^''°^ = x,"" , x^°^ < .r' . This vields the same inequalit> as case 4. • 

Lemma 9 proves that consumer surplus fails under the cotenancy relative to the 

Coumot outcome. Since aggregate profits rise with the joint venture, it is unclear whether 

the cotenancy improves market welfare. It is wonh noting, however, that the social 

desirability of the cotenancy relies crucially on fixed cost savings There are no marginal 

"efficiencies" that are created by the joint venture, so the market price carmot decrease in 

response to cooperation. 
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Another cost sharing mechanism has been proposed by Shenker and Moulin 

(1993) Serial cost sharing is a means by which firms with different demands for output 

can share costs in a way that accounts for externalities imposed when firms demand output 

fi^om a decreasing returns production process. In the context of a joint venture, when the 

two firms place orders with the production facility, marginal costs increase with each unit 

produced. Since the order of production does not matter in determining total costs, a firm 

with a larger demand for output may impose a negative externality on the other firm by 

driving up marginal costs. With serial cost sharing, demands for output are ordered by size 

and cost shares are distributed accordingly. Serial cost sharing has the appealing property 

that each firm's cost share is independent of cost shares of firms that demand more output 

The cost parameter a plays a crucial role with serial cost sharing because it 

identifies firm I as the largest demander of output fi-om the cotenancy Accordingly, for 

this section we require a>0 Shenker and Moulin derive the formulas for the cost shares; 

profit functions tor the cooperating firms are 

z .  =  p { X ) x  - m x  - ( c (.T -  X .  )  ^ c { 2 x . ) )  -  k  F  (18) 

.T. = p { X ) x ,  -  ( 11- or)m.r. - ^ - k . F  (19) 
* O 
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Firm 2 orders less output, so its cost share will be smaller '* Its share can be 

interpreted as the average cost of both orders when both firms demand the same amount 

of output. .Assuming an interior solution, first order necessary conditions for profit 

maximization are; 

^  =  p ' x ,  ̂ p - m -  c ' ( x .  + x,) = 0 (20) 
dx. 

dx  ̂
- =/7'.r,ar)/»-c'(2x.) = 0 (21) 

A close examination of the profit ftinctions and first order conditions reveals that 

the various conditions for existence and uniqueness of Coumot equilibrium are satisfied, 

since serial cost sharing does not alter the gross production incentives of either firm From 

the first order conditions it is obvious that each firm produces less than it would as a 

Coumot competitor However, equilibrium output with serial cost sharing may be greater 

or less than output under proportional cost sharing, depending on how cost shares are 

allocated Lemma 11 describes this in more detail 

" With serial cost sharing, it is cruaal that demands are ordered so that the firm with larger demand for 
joint venture output pays the larger upstream cost Assummg that Ann 1 's cost advantage at the marketing 
stage translates into larger upstream demand, the following inequality justifies serial cost sharing; 
c'(x, •^x, )~c'ilx.) < ma. This inequality is certainly satisfied when upstream marginal costs are 
constant, but the inequality is actually strengthened by the original assumptions on c. Smce x; > x. in 
equilibrium, however, the left hand side is always positive. The steeper the upstream cost function, the 
larger downstream marginal costs must be to justify- firm 1 s larger cost share. 



Lemma 11: Equilibnum market output with scnal cost shanng may market less output than under 

X 
the proportional cost share cotenancv when jf, = — 

y r 

Proof: Examming the first order conditions, firm 1 produces less output under scnal cost sharing if 

c'(x -rx,) > c(r, ^i-x,)— + SyC'{x^ +X.) ; dus IS the same as ->-£,) > c(r. . 
' ' ' ' • <3r. 

Using the share fiinctions. this inequalit>- can be expressed as (.r. -t-x, )c'(x -x,) > cix, -x,) 

Since c(0) = 0 and c(.) is strictly convex, this mequality holds, and firm 1 produces more output 

with proportional cost sharing. The rele\ant inequality for finn 2 is 

(x.-x.)c'(2x,) > c(x,-t-x,). We know that with serial cost sharing. 2x, <x,-x.. so 

c'(2x-) < C'(x, - X,). and the inequality above need not hold. Firm 2. by pa>ing a smaller cost 

share than firm 1. ma> produce more with serial cost shanng than with proportional cost shanng. • 
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C Vertical Joint Ventures 

The cost sharing rules of the previous section indicate how some types of joint 

ventures can alter production incentives relative to completely noncooperative behavior 

From a policy perspective, the cotenancy-type joint ventures are attractive in that they 

eliminate wasteful fixed cost duplication while both firms remain aaive as downstream 

competitors. Indeed, with stricdy convex production costs, fixed cost savings are the key 

element in any welfare-improving cotenancy Cotenancies do not specifically allow for 

marginal efficiencies. 

On the other hand, a joint venture contract may be written to take advantage of 

panicular firm-specific skills that bear on marginal costs. In the current model, firm 1 can 

always market a unit of output more cheaply than firm 2. while either firm could construct 

the same production facility. There may then be a joint venture agreement that would have 

nrm I conduct all marketing activity, while firm 2 operates the upstream facility Joint 

ventures of this type are likely to have market effects similar to those of a merger The 

reason for this that the joint venture removes a product market competitor and Mnually 

creates a single, perhaps vertically integrated firm fi-om the two This section shows how 

the participants in such a vertical joint venture can reach agreements that create various 

product market outcomes. 

A vertical joint venture agreement can derive from profit ma.\inii2ation problems 

of the following form the two panicipants select levels of output to maximize joint 

profits The joint profit function is; 
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z  =  p {  X ) X  -  n t x .  - (I -r a)m.r, - c(x.) - c(.r.) - ZF (22) 

When respeaive outputs are chosen to maximize joint profits, the market outcome 

is identical to the outcome under a merger Fixed cost expenditures are duplicated if two 

plants are operated by the merged firm. Now consider a vertical joint venture with no 

transfer prices, but with lump sum transfers between participants The aggregate profit 

function reflects fixed and marginal cost savings: 

T .  - ; r ,  = p { X ) X - m X - c { X ) - F  (23) 

Transfers between firms appear when profits are disaggregated (recall that firm 1 

owns the more efficient marketing technolog\') 

z -  =  p {  X ) X  -  m X  -  \ f  (24) 

-T, = .V/ - c ( . V ) - F  <25) 

The transfer payment to firm 2 can be chosen to make firm 2 break even, or 

perhaps earn supra-Coumot profits. Parametric games of entry appears in the next 

section. 

With transfer pricing, a vertical joint venture is an agreement ^ = {/..V/..l'{that 

specifies a per-unit transfer price for JV output, a lump sum pavinent from firm I to firm 2 
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(which includes fixed cost payments), and a level of JV output The joint venture 

combines resources so as to minimize production costs, so firm 2 produces the output 

w hile firm I is the marketer Let X be the amount of output marketed by the joint 

venture. Joint venture profit functions are; 

= t X - c ( X ) - h M  ( 2 6 )  

J T ,  =  p { X ) X  -  m X  -  t X  -  M  (27) 

Here t and M are to be determined by the venture participants Absent any 

bargaining agreement, the vertical structure implied by the profit functions is susceptible to 

the famous double marginalization result of Spengler (1950) Double marginalization 

occurs when the producer monopolistically sets the transfer price above its marginal cost 

(the first margin) and perhaps collects a lump sum payment: the second margin is set by 

the downstream firm when it markets the J\ output Higher margms for the firms implies 

higher retail prices, so double marginalization is viewed as a process that causes welfare 

distortions Vertical integration is often cited as a means by which double marginalization 

can be mitigated or avoided. It is well known (e g , Tirole. 1988) that vertical integration 

can yield higher profits and greater consumer surplus than non-integration 

A distinction must be drawn between vertical integration and a joint venture When 

firms vertically integrate (or vertically merge), transactions between the two units are fully 

internalized, so that traditional market contracts are no longer relevant. In terms of 
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objective functions, when the integrated firm maximizes profits, the downstream unit 

purchases'' some or all of its inputs from the upstream unit at marginal cost This 

maximizes the profits of the entire unit. In the foregoing model of joint venture, nrms 

disregard one of their internal units in favor of a market contract with the other firm The 

basis for the term "joint venture" derives from the fact that both firms ignore an internal 

unit in favor of the relationship with a rival. Therefore a joint venture is not a vertical 

integration of existing firms, but rather a contractual relationship that may attain vertically 

integrated outcomes. 

Since a production joint venture can be cast in the familiar terms of a vertical 

relationship between separate firms, it seems intuitive that the overall desirability of joint 

venture activity can depend upon the degree to which the participants are vertically 

integrated. However, there is some tension between the commonly accepted definition of a 

production joint venture and the concept of vertical integration Integration represents a 

merger of the assets and interests of the relevant firms This is not compatible with the 

intent of many joint ventures/ ' which are typically meant to last a shon while and are 

privately successful to the degree that participants can exploit the strengths of their 

partners. Many managers (see Compton, 1993) gauge the success of a joint venture in part 

by the amount of proprietary technology or information that they can keep fi'om (or take 

from) their partners 

'See Berg and Fnedman (I977abc) for a listing of manager's mouves for production J\' acti\it>\ 
'"Leakages of proprietan information regarding lechnologv are called "technologv transfers." One of the 
supposed benefits of the GM-Toyota joint venture was that CM might leam from Toyota's relativeU 
efficient production process. 
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The tension described above implies that the relationship between joint venture 

panicipants can be sensibly modeled as an arm's length partnership This justifies the use 

of transfer prices to govern transactions between panicipants The process that generates 

the transfer price is of particular interest, since the transfer price helps determine the 

profitability of the participants and also determines the downstream (retail) price.. Higher 

transfer prices retard the marketer's demand for joint venture output, yet the joint venture 

utilizes the most efficient production (i.e., upstream) process available to the panicipants. 

If a joint venture replaces independent produaion, the role of the transfer price can yield 

some insight into output comparisons between the two market arrangements 

To fix ideas about the workings of the J\' agreement, I present double 

marginalization in detail. This approach endogenizes the transfer price by allowing the 

upstream producer to choose the transfer price t that maximizes its conditional profit 

The dowTistream firm maximizes profits conditional upon / 

=  p ' X ^ p - m - i  =  0  (28) 

The producer chooses his optimal t based on the X that soKes (28) 

X { t ) ( \ - c ' X ' ) - ( t - c ) X ' - 0  (29) 
dl 
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In equation 29, .ir(r) is the marketer's profit maximizing output conditional upon 

I Joint venture output is clearly decreasing in i . furthermore, the optimal transfer price 

is increasing in upstream marginal costs 

^^^^en there is fiill double marginalization, the buyer-seller relationship betv^een the 

firms is charaaerized by a vertical externality: an increase in the marketer's demand for 

joint venture output increases the producer's profits, but this effect is ignored by the 

marketer in making his output decision. The result is that the joint venture product is 

underdemanded by the marketer This provides the basis for claims that vertical integration 

can increase profits for each firm. 

We are ultimately interested in whether the joint venture markets more output than 

completely noncooperative activity With Coumot competition, equilibrium market output 

is decreasing in the parameter a .-Mso. the extent to which transfer prices are 

monopolistic affects the likelihood that the joint venture markets as much as Coumot 

competitors would The ne.xt proposition shows that -ahen firms write contracts that 

essentially "integrate" their plants, there e.xists some positive value of a that equates joint 

venture output to Coumot output. 

Proposition: Suppose that t = c\X), i.e.. assume the joint \ennire acts as a vertically integrated 

unit. Thtfn diere exists an or >0 such that for all Of < or . the jomt venture produces less than (or 

equal to) the equilibnum Coumot quanticv. For or > a'. the joint \enture produces more output 

than the Coumot equilibrium. 
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Proof: Begin by summing the Coumot first order conditions m equations (I) and (2) to obtain 

p'{x - .r.) * 2/? - /n - (I -1- a)m - c'ix.) - c'( .r.) = 0 Likewise, the jomt venture with 

margmal cost transfer pncuig has first order condition p'{X)^ p - m - t"'( A') = 0 Suppose the 

respective solutions to the above equations yield X = r, + x,. Substituting. 

c'( -V) + - (1 -t- a)m - c'(x,) - c'(x,) = 0 . One can now solve unplicitly for a': 

. c'i X)-c'{x.)-c'{x.) + p-m a = • 
m 

Notice that a is necessarily positive, since the upstream cost function is strialy 

convex with c(0) = 0 and X - x. AJso. or* becomes smaller as upstream costs 

become flatter. That is, the smaller are upstream marginal marketing costs, the less 

difference there must be in marketing costs to make joint venture output equal Coumot 

output 

Since there is only one firm that operates downstream, it is possible to reinterpret 

a using the familiar relationship between monopoly price and ovsn price elasticit\' of 

demand p ( X )  =  c'( A'K—^—) For simplicity, assume that marginal costs are linear, so 
I -1 r 

c'( A') = c'(X.) -c'(X.). Then 

,30) 
m 
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or 

a = (31) 
m 

As demand becomes more elastic, a* grows, and in feet approaches a limit. There is a 

discontinuity in a' that reflects the fact that the joint venture (like a monopolist) will not 

produce at an inelastic portion of the demand curve Notice that knowledge of demand 

information is roughly sufficient to determine how asymmetric firms" marketing costs must 

be for the joint venture to produce a Coumot level of output This is because the demand 

elasticity acts as a multiplier for upstream marginal costs. 

The effects of double marginalization are now simpler to determine As shown 

before, t can be thought to increase the downstream firm s marketing costs Double 

marginalization implies that joint venture output shrinks relative to marginal cost transfer 

pricing, so a' is relatively larger under double marginalization. Intuitively, switching all 

market output to the more efficient producer can make consumers and firms bener off 

However, inefficiencies induced by the contractual relationship between firms can 

effectively eat away any realized efficiencies from joint venture. 

There is reason to expect that joint venture participants will avoid double 

marginalization. First, there are alternative pricing procedures that would make both firms 

more profitable. Sufficient venical restraints, including marginal cost transfer pricing. 
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provide higher profits than does double marginalization. .Also, the possibility of Coumot 

competition between the two firms can temper transfer pricing in an important way: the 

transfer price can be selected to make each joint venture participant more profitable than it 

would be as an independent producer. The highest resulting transfer price can be less than 

under "full" double marginalization. 

To characterize the set of feasible transfer prices with a vertical joint venture, note 

that each firm must earn profits greater than or equal to respeaive Coumot profits: 

T t f  =  p { X { t ) ) X { t )  -  -  k ^ F  >  p ( x f  - rf )x,'^ - mrf - c ( x f )  -  F  (32) 

> t: '  =  t X { t ) - c { X { t ) ) - k ^ F  >  p ( x ' r  +x: )x: - ( \ ^ a ) m x :  - c { x t ) - F  (33) 

From the left hand sides of each inequality, firm 1 's profits are decreasing in t. 

while firm 2's profits are increasing in t. .Also, the second inequality is rela.xed as a 

increases, which implies that larger cost asymmetries between the two firms make for 

smaller feasible transfer prices Entry conditions also affect the inequalities .Asymmetric 

marketing costs imply that firm 2 will choose not to enter before firm 1 chooses not to 

enter, but firm 1 would never agree to a joint venture if it could aa as a monopolist in a 

Coumot equilibrium. This is because there is no positive transfer price that would yield 

supra-monopoly profits to firm I w hile constraining firm 2 to zero profits. 

-A simple example will shed light on how the set of feasible transfer prices is 

determined Let inverse market demand be p=\Q-X, and suppose 
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/ir = or = 1. while c ( x )  =  r* Fixed costs are equal to 2 for each firm Coumot profits are 

/xf =4 97.,T. =270 Assuming equal fixed cost shares, the inequalities above are 

rewritten as 

9 - f  
>597 

9 - / i  ' 9 - /  >3.70 
L -

Solving the inequalities, tj.. =[389.4 11]. while double marginalization implies 

hxf = ^ Coumot competition provides the largest output, but the vertical joint venture 

can create a market outcome superior to that which obtains under double marginalization. 
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III Joint Ventures and Entry Games with Fixed Costs 

A common reason cited for joint venture activity is that cost sharing can ease entry 

for firms who are considered potential competitors. Entry may be interpreted broadly: for 

example, in the semiconductor industry, entry into a particular market niche may refer to 

the purchase of a crucial machine necessary for production of a highly specialized chip."' 

By presenting general conditions under which both firms would always produce as 

Coumot duopolists, section II sidestepped the issue of entry In this section I study 

outcomes of entry games with fixed costs to point out some alternative roles of 

production joint ventures. 

Let inverse demand be p ( X ) .  and suppose each firm has constant marginal costs. 

In order to produce, each firm must sink a fixed cost F >0. The sum of Coumot outputs 

is. of course, greater than monopoly output. I consider the case arising fi'om Coumot 

profits thai satisfy ;r^ < F < rt"', where exactly one firm is viable as a monopolist. 

The timing of the entry game that corresponds to the above inequality is as 

follows each firm simultaneously and independently decides whether to enter (choose IN) 

or not (choose OUT); IN requires expenditure of F .Ailer sinking the fixed costs, firms 

select quantities as Coumot duopolists 

Given the assumptions about fixed costs, there are three Nash equilibria of the 

i; j r  
entrv game S'E =" {In,Otit),{OniJn), proh{In) = —r; r ' These payoffs induce a 

L V .T — T > _ 

"battle of the sexes" game in which firms must somehow coordinate entry decisions to 
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avoid negative profits."" In the niixed strate^ equilibrium, firms must earn zero expected 

profits, as they are indifferent between entering and staying out Both firms are potential 

competitors in the sense that they woutd be profitable as monopolists, but each prefers not 

to aa as an actual competitor. To see how a joint venture can mitigate effects of strategic 

uncertainty and create positive expected profits for each firm, suppose the firms decide to 

share the fixed costs of entr>' and produce as a profit-sharing monopolist. From the 

inequality, each firm is profitable as a joint venture participant. Clearly, consumers are 

indifferent between the joint venture and entry by just one of the firms. Welfare fi'om the 

joint venture is larger than from Coumot entrv- if the decrease in consumer surplus firom 

increased concentration is smaller than the gain in profits when firms joint venture. The 

joint venture can therefore eliminate the problem of costly dual entry and exit." 

'\AngeI (1993) discusses joint ventures in the semiconductor industry as cost shanng de\-ice$. 
""Farrell (198?) presents games with communication as a means b> which firms may coordinate entry 
decisions in game uith this payoff structure. 
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I\' Discussion 

The results presented in this paper derive from the contractual relationships firms 

may be expected to make In general, the more inefficient the contract (in terms of cost 

sharing or in terms of transfer pricing), the less likely a joint venture is to enhance 

consumer wel^e. However, even with the most efficient vertical relationship, firms may 

rationalize costs enough to make only themselves better ofif. 

For this paper to inform policy decisions, it is useful to define the relevant 

anticompetitive concerns raised by these particular joint ventures. The cotenancies were 

shown to market less output than Coumot competitors, but fixed cost savings were shown 

to be an attractive impetus for cooperation. The social desirability of a cotenancy boils 

down to the famous, ongoing debate about the distribution of wealth: if fixed cost savings 

are sufficiently great firms profit from the agreement while consumers lose somewhat. 

Under a strict consumer surplus standard, cotenancies would appear noncompetitive 

L nder an aggregate welfare standard, a cotenancy may enhance total welfare The form of 

the cost shanng agreement cenainiy bears on this issue, as senal cost shanng was shown 

to vield ambiguously better market outcomes in comparison to the "market share" 

agreement 

-Although a joint venture agreement can prescribe a vertical relationship, the effects 

are felt by the decrease in product market competition This paper considers a duopoly 

that is transformed into a monopoly, while the participants maintain their individual 

~ Some analysts uould argue that there ts no ~probiein~ of costly dual entiy. since average profits are 
zero 
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identities The possibility of efficiencies effectively transforms the problem into one of 

"efficient monopoly * versus "inefficient duopoly", where efficiencies on the monopoly side 

may be muted by the contractual relationship Since the joint venture implies a loss of 

product market rivalry, the joint venture should be analyzed first as a horizontal 

relationship. However, the vertical relationship between the participants is also important, 

since it bears on the ultimate market price. Vertical joint ventures imply that the notion of 

potential competition should be refined somewhat to account not only for the likelihood of 

market participation, but also expected profitability. The existence of marginal cost 

asymmetries and fixed costs imply that the antitrust analysis of joint ventures is necessarily 

difficult, because there are many elements that bear on the relative profitability of firms 

when they compete independently Given the array of institutional arrangements that joint 

venture panicipants can create, assessing likely market outcomes is rather challenging. 

Efficiencies become much more important when the joint venture occurs in more 

concentrated markets. In combinations of the type described in this paper, efficiencies may 

be fairly easy to assess prior to joint venture For e.xample. efficiencies in the GM-Toyota 

joint venture were easy to anticipate GM had a larger marketing base, and Toyota was 

empirically more efficient in production of fuel-efficient cars V^Tiether efficiencies were 

large enough to outweigh the effects of Toyota's noninvolvement at the marketing stage 

was of primary concern to policymakers"^ 

-'Other issues in the GM-Toyota joint venture that are not descnbed by this paper were product 
differenuauon and competition by other fimis. 
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V Conclusion 

This paper is about joint venture relationships between potentially rivalrous. 

vertically integrated firms. The form of the relationships are a result of the separable 

nature of the individual cost functions. This paper argues that joint ventures should be 

analyzed according to their horizontal and vertical effects. The arm's length relationship 

between the joint venture participants implies a transfer price for units of joint v«»ture 

output so the process that determines the relevant transfer price is of considerable 

significance Double marginalization is a fi-amework that distorts profit functions of 

participants, so total profit is smaller than under a vertically integrated regime. The 

independent profitability of each joint venture participant leads to sets of transfer prices 

which welfare-dominate the double marginalization transfer price 

E.xtensions to the models include more retail competition and product 

differentiation Analysis of these cases would account for other prominent JV' cases such 

as Penn-OIin (37S US 158 (1964)) Pursuant to the Perm-Olin case, another way to 

extend this line of research is to consider the private incentives to create a new firm by 

joint venture .Analyses of this type can serve to inform antitrust policv' as well as extend 

the theorv' of interrival cooperation. 
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3. Efficiencies and Merger Analysis in Differentiated Products Industries 

I Introduction 

Efficiencies continue to receive attention in the antitrust law and economics 

literature concerning merger analysis. Official merger policy, most recently outlined in the 

1992 Horizontal Merger Guidelines, explicitly recognizes potential private and social 

benefits fi^om merger-specific^ efficiencies. Oliver Williamson's seminal 1968 article on 

cost lowering and market welfare introduced a new mode of merger analysis, and today 

there remains much "mterest in characterizing and quantifying the effects of alleged 

efficiencies In this paper I employ a multinomial logit demand system in a model of price 

competition to examine the effects of horizontal mergers in industries with differentiated 

products 1 study the effects of merger-specific efficiencies that accrue to merger 

participants In rough analogy with Williamson's famous result. I describe the relationship 

between etficiencies. competition, and market welfare 1 also draw a distinction between 

explicit cost-low ering and implicit etficiencies. both of which may be created by merger. 

Williamson's article shows how. for a given demand elasticity, small decreases in 

merging firms' marginal costs can improve market welfare, even when competitive firms 

merge to monopoly. The article was in part a response to the Supreme Court opinion on 

Procter & Gamble's purchase of Clorox; the Court ruled that efficiencies could not be 

used as a defense to illegality and eventually invalidated the merger This opinion owed 

The phnse "merger-specific'' conve>s the assumption that efficiencies can only be achieved through 
merger, so that other forms of actiMtv (both unilateral and cooperative) have no role in the analysis. 
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much to a general skepticism toward cost-lowering on the pan of merging firms and its 

effect on consumers and nonmerging firms However, in rejecting an efficiencies defense, 

the Court may also reject efficiencies that may naturally occur as an industry moves 

toward a postmerger equilibrium. While claims of expUcit efficiencies should be 

substantiated by merging firms, implicit efiSciencies arise as a consequence of competition 

by all market participants. By ''implicit efficiencies", I mean that a postmerger market 

equilibrium may imply higher market welfare due to production reallocation between 

merging and nonmerging firms. Like Williamson. 1 ignore evidentiary standards and 

problems specific to mounting a credible efficiencies defense I use efficiencies as a 

means by which structural merger policy can be funher evaluated. In particular. I 

investigate the effects of efficiencies on relationships between variables that are important 

for evaluating the competitive nature of mergers. 

With product differentiation and price competition, this paper generalizes 

Williamson in several important ways. The principal results of this study indicate that in 

many instances, premerger configurations of market shares and elasticities can have more 

significant postmerger welfare implications than do small decreases in costs of merging 

firms, so cost lowering plays a secondary role in welfare analysis.*^ Of course, efficiencies 

typically play a backup role in merger policy. Here I view efficiencies as a means by which 

the class of acceptable mergers (as outlined in the Merger Guidelines) may be e.xpanded, 

""See Yao and Dahdouh (1993) for a discussion of infomiational problems in mounting an efficiencies 
defense. 
~ This implies that market delineation is important in assessing potential effects of merger. Werden 
(1992) discusses market delineation in some detail. 
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subjea to welfare standards that are apparently employed by the courts and enforcement 

agencies. When the legality of a merger may hinge on ex ante unobservable efficiendes, it 

is possible to estimate the effect of changes in concentration on prices and welfare when 

efficiencies may be present. A model of price competition with logit demand is ideal for 

simulation and empirical merger analysis because it takes shares, prices, and elasticities (all 

of which can be observed or estimated) as primitives. 

Roughly speaking, an efficiencies defense derives fi'om cost savings that occur 

when otherwise independent firms combine productive assets.^ Cost savings may be due 

to elimination of duplicative inputs, integration or consolidation of management, increased 

bargaining power in input markets, or economies of scope. These types of cost savings 

may accrue at various stages of production, perhaps concurrently, and proponents of an 

efficiencies defense seek to determine the extent to which efficiencies imply enhanced 

product market competition Since efficiencies may take many forms (including 

economies of scale or scope, or reduced production, advertising, or marketing costs, etc ). 

it is difficult to provide a tractable, convincing analysis of the basic 

efficiency/concentration tradeoff I partially finesse the issue by subsuming marginal costs 

into a single, constant firm-specific statistic. This assumption, while sometimes restrictive. 

^ Mergers are tvpically executed a purchase of stocks and/or assets, so that a single enti(>- controls the 
decisions of the previously separate units. However, in difTerentiated products industries, merger also 
entails a purchase of brand-specific goodwill that had previously belonged to another firm. 
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nevertheless embodies many notions of cost that are specifically earmarked by the Merger 

Guidelines as potentially affected by merger^ 

As stated before, this paper rules out economies of scale that may be realized due to merger. An 
efficiencies defense center^ around economies of scale would attempt to show thai the only way in which 
minimum efBcient scale could be attained is by merger of (ostensibly) capacin-constrained firms. The 
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II. The Status of Efficiencies in Horizontal Merger Analysis 

Since 1968, the Merger Guidelines have detailed the enforcement agencies' 

disposition toward efficiencies in cases in horizontal merger, and case-specific opinions 

from the Federal Trade Commission have shed even more light on the status of 

efficiencies. In general^ efficiencies have been increasingly accepted as a possible 

counterweight to illegality, although claims of cost-lowering have not yet saved an 

otherwise illegal merger. Even with the more receptive climate, there is a distinction 

between the enforcement agencies' attitude toward efficiencies and the Supreme Court's 

historical treatment of potential cost-lowering effects. The Court has been skeptical of 

efficiencies, as is evident from three prominent decisions regarding horizontal mergers. 

In Brown Shoe Co. v. United States (370 U S. 294 (1962)), two vertically 

integrated shoe manufacturers proposed a horizontal merger. The manufacturers were 

small relative to the national shoe market, but the merger was nevertheless disallowed. In 

their argument the Court essentially admitted that efficiencies were likely when the 

integrated tlnns merged, but market "decentralization" was an overriding concern.^" In 

United States v. Philadelphia National Bank (374 U S. 321 (1963)), the second and third 

largest Philadelphia-area banks merged in order to compete more effectively for loans. 

The competition for loans came from banks outside the Philadelphia area, but the merged 

banks' depositors were overwhelmingly from the Philadelphia area. The Court argued 

'merger for MES" component of efficiencies anah'sis has been criticized b\- Fisher and Lande (71 Cal L 
Rev 1582(1983)). 
•"'Brovn Shoe is indicative of the rather harsh legislative disposition toward mergers in the late I940's 
and early 1950's. The Ceiler-Kefauver amendment to the Cl^ton Aa was the ultimate e.xpression of anti-
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that procompetitive effects in the loan market did not imply procompetitive efiects in the 

local baking market, and the merger was invalidated/' Finally, in FTC v. Procter & 

Gamble (386 U. S. 586 (1967)) the Court was faced with a potential competitor 

(Procter) who was poised to purchase Clorox, a bleach producer. The merger would likely 

have expanded Clorox's share of the bleach maiicet via Proaer's advertising advantage, 

but the Court saw the removal of a potential competitor as a significantly countervailing 

factor. The Court argued that concentration in the bleach market would likely have &llen 

had Procter entered de novo, so that the cost saving nature of advertising advantages was 

not necessarily a compelling reason to allow the merger. 

More recently, the Federal Trade Commission has issued opinions that indicate 

increased openness to efficiencies that may alleviate market power effects of mergers. For 

example, in FTC v. University Health, Inc. (938 F. 2d 1206 (1991)), efficiencies were 

admitted as a possible mitigating factor in the creation of market power by merger.^' The 

combination was declared anticompetitive In FTC v. Alliani Techsystems Inc. (808 F 

Supp. 9 (1992)), efficiencies were weighed against likely price increases. The defendants 

claimed that technology' transfer and economies of scale would lower costs enough for 

benefits to spill over to consumers, but the potential price increase was thought to dwarf 

any efficiency effects. 

concentration sentiments. The amendment was aided in passage b> the ITC's 1948 stu(fy- of corporate 
mergers, which found that mergers led to dramatically increased concentration in many industries. 
" C'.S. V. Philadelphia S'ational Bank also set a standard for the Court's view of mergers in concentrated 
industries: recall that in Brown Shoe the merging parties were small relative to the delineated market 
^"The decision in the University Health case was influenced by the decision in Philadelphia S'ational 
Bank: the acquiring firm would have 43 percent of a highly concentrated local market for health care, and 
entrv- barriers were high. 
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Since the enforcement agencies are increasingly open to the concept of efficiencies, 

their role in determining the competitive nature of a given merger is important. Kattan 

(1994) notes that efficiencies are typically considered as pro-competitive effects rather 

than absolute defenses to illegality. In this way, enforcement agencies can use their own 

evidentiary standards to determine the true cost-saving nature of mergers and the likely 

effects on competition. The current status of efficiencies is therefore secondary in judging 

competitive effects, as they are only considered as a "'plus^^ rather than the single factor 

that might legitimize a merger. This approach to efficiencies allows the enforcement 

agencies to focus on the market effects of a merger, rather than only focusing on the 

merging firms. Mergers may have significant distributive effects on the industry, however, 

and it is therefore important to relate efficiencies to structural merger policy. 
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III. Theory of Mergers 

A typical theoretical analysis studies product market effects of mergers by 

outlining and aggregating reactions to strategic decisions made by new combinations of 

rivals. Reactions by all relevant firms (i.e.. merging and nonmerging firms) determine the 

private and social desirability of horizontal mergers; this point is the focus of every 

prominent theoretical model of horizontal merger Salant, Swttzer. and Reynolds (1983) 

study mergers between Coumot competitors whose marginal costs are constant and 

demand is linear, their famous result is that mergers are only profitable when at least 80 

percent of the firms merge. The reason for this striking result is that each merging firm 

internalizes a production externality by lowering its premerger output while nonmerging 

firms increase output in response. In Salant ei ai, output responses are themselves driven 

by downward sloping reaction functions. The extent to which merged firms increase their 

profit depends on the relative sizes of postmerger output adjustments by all firms. Perry 

and Porter (1985) disturb the Salant ei al. results by pointing out a conceptual problem in 

their (implicit) definition of a merger Perrv and Porter introduce a fungible, firm-specific 

variable, capital, and show how the distribution of capital shares amongst firms can imply 

that horizontal mergers are profitable in many instances. The key weakness in the model is 

that firm size is driven by held shares of capital, which is homogeneous and fixed in supply 

to market participants."'" 

" One conclusioa that one may take from the Pem/Poner stud>- is that firms can only e.xpand by 
acquiring competitors' capital. On the contrary. e.\paiision is often v-iened by enforcement agencies as an 
alternative to merger, especially when economies of scale are offered as a defense to tliegalit>-. 
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Farrell and Shapiro (1990) also consider mergers of Coumot producers, but their 

study is somewhat more applicable to policy The authors take privately profitable 

mergers as given and then derive conditions under which mergers increase both price and 

aggregate wel^e. Much of their focus is on price, since they contend that the 

government follows a standard in which mergers that increase price are most likely to be 

challenged. Their findings are not surprising; without efficiencies, privately profitable 

mergers are more likely to increase aggregate welfare than to decrease price, and in fact 

very large efficiencies must be realized for most mergers to lower price. 

The Farrell/Shapiro paper points out that costs and the distribution of equilibrium 

output between firms can affect welfare measures in markedly different ways. However, 

Werden and Froeb (1993) use a model of merger with differentiated products^ to 

elucidate the mechanism by which mergers may improve market welfare without any 

explicit cost savings. In all of the literature, mergers cause all market panicipants to 

adjust their prices or outputs, and (without efficiencies) market price generally increases 

However, Werden and Froeb show how asymmetric firms make asvinmetric strategic 

reactions to the merger, so large nonmerging firms may become more profitable 

postmerger Furthermore, merging firms internally rationalize costs so that higher-cost 

units produce less. Werden and Froeb show that with certain premerger share 

^*rhe analv-sis of mergers in differenbated product industries with price competition began with Davidson 
and Oeneckere (1985). They empIo>- linear demand cunes and constant marginal costs to prove two fairly 
general results: mergers are almost always profitable with price competition, and mergers increase all 
prices. Their analysis is carried out in analogy with the previous thrw studies; reactions to changes in 
strategies brought about In' merger are summed. With upward-sloping reacnon functions, each fum has an 
incentive to raise its postmerger price. Under fairly general conditions, this makes all firms more 
profitable, while consumer surplus &ils 
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configurations/^ market welfare may rise in response to merger because firms' profit 

increases outweigh losses in consumer surplus. One of the key results of Werden and 

Froeb is that cost rationalization together with produaion externalities imparted to 

nonmerging firms form implicit efficiency effects. These effects naturally bear on 

postmerger welfiu'e measures. By explicitly lowering costs of one or more merging firms, 

efficiencies can either mitigate or complement the implicit efficiency effect. The rest of 

this paper is devoted to studying analogies of this phenomenon in a model identical to the 

one developed by Werden and Froeb. 

Werden and Froeb use a relatively new approach to modeling product 

differentiation; they derive multinomial logit demand functions fi'om a random utility 

fi-amework. A discrete choice specification for utility reflects that some types of purchases 

are not made in a continuous manner, as is implied by typical Marshallian demand analysis. 

.A. random utility fi'amework also allows for inclusion of product-specific attributes that 

affect purchasing decisions The virtue of a logit demand system is that it is capable of 

representing product differentiation in a straightforward and appealing way. as the next 

seaion shows. Moreover, as Berry (1994) notes, recent methods of estimation have made 

the multinomial logit useful in empirical models.'^ 

There are several reasons for studying mergers in differentiated product markets. 

With homogeneous products, merger analysis essentially boils down to an issue of 

In particular, the higher the concentration of nonmerging firms, the more likely a merger is to increase 
welfare; when a large firm increases its outpuL marginal cost and price edge closer together. 
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expansion. Independent, internal expansion is often considered an alternative to merger, 

but by and large the homogeneous products theory ignores this possibility By assuming 

that firms can produce all they want with their existing technology, the homogeneous 

products theory of mergers is (as Perry and Porter hint) actually a theory of lock-up. On 

the other hand, with product differentiation, it is more sensible to speak of mergers as a 

means by which firms can extend themselves. By acquiring a rival, a firm acquires that 

rival's stock of goodwill; this is product extension rather than firm expansion.^' Also, with 

product dififerentiation, it is possible to calibrate demand relationships between competing 

brands to enhance (or weaken) the welfare effeas of postmerger adjustment descnbed 

above. There is considerably more leeway in calibrating these elasticities with the logit 

model, since linear, svmmetric demand curves may have restriaive elasticity 

implications.^^ 

^ The simplest form of the logit model considers consumers who purchase one unit of some variet>-: this 
fnuneuork is ideal for modeling purchases of dtuable consumer goods. For detailed empirical studies, see 
^n>-. Levinsohn. and Pakes (1993) and Mannering and Winston (1991). 
^ The Perrv- and Poner anicle is an e.\ception. since in their model capital is fi.\ed throughout the 
industi\. 
 ̂Procter & Gamble is a prime e.xaniple. The bulk of ftoaer's sales came from low-price, high turnover 

products like soaps and cleansers. Cloro.x was viewed b>- Proaer as a means bv- which their produa base 
could be e.xtended 
"Strictly speaking, the simple model considered b>' Werden and Froeb also implies some restrictive 
elastici^ relationships. In particular, any two products with the same market share will have the same 
cross price elasticity with any third product. This shortcoming can be mitigated by assuming a slightly 
r icher  random u t i l i^  spec i f i cauon  t ^n  i s  con ta ined  in  ( I ) .  
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IV Bertrand Price Competition with Logit Demand 

A. The Basic Oligopoly Model 

A multinomial logit demand s>'stem is motivated by a random utility model in 

which consumers purchase one unit of one variety (or brand) from a set of alternatives. 

Suppose there are/tsuch ahematives in the choice set A representative 

consumer is assumed to select the alternative that yields the highest utility, consumer 

/ derives utility from product j according to the equation^*® 

=a . -pp .^v ,^ .  ( I )  

Equation (1) is a very simple specification of random utility/' but it entails a 

number of assumptions about relationships between the alternatives. First, the notion of 

product differentiation is embodied in the first and last terms of the right hand side of (1). 

The a. term accounts for observable differences across varieties/" while the individual-

specific error term accounts for unobservable idiosyncrasies (such as style) associated 

with individual preferences. A useful interpretation of the a. term is that they are initially 

chosen by firms in a game of quality choice/'* Here, however, the a. are taken to be 

'̂Random utilitv is meant to capture the way firms, or and outside analyst, view consumer choices. 
" The model in this section is identical to the one shown in Werden and Froeb. although it is 
straightforward to write more comple.x specifications of utilia than (1). This point is taken up in Bern 
{1994). 
^ Without a subscript / on the Oj terms, the specification in (1) implies that all consumers agree on the 

utility value of the attributes, which add a vertical differentiation component to the model. 
Actually, the selection of an alpha is equivalent to selecting the degree of product differentiation. 
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exogenous. The term ^ is a price coefficieni and is assumed to be positive. It measures 

the sensitivity of utility to changes in price, so P will be interpreted as a key determinant 

of cross-price elasticities. 

The primitives of a differentiated product industry are a list of competing varieties, 

market shares for each variety and prices of each variety. We are interested in relating 

observed market shares to shares predicted by the theoretical model. Theoretical choice 

probabilities are generated by assuming that the error terms in (I) are independently and 

identically distributed according to the extreme value distribution. Choice probabilities (or 

prediaed market shares) then have the logistic form;** 

e x p ( a . ^  
^ , Orx \ ' ^ ^ ' 

In the oligopoly model, firms view the choice probabilities as demands for their 

product Two useful derivative properties of (2) are 

^  = (3)  

^ = PPP (4) 

" The denvation of the choice probabilities is outlined in McFadden (1974) and Anderson. DePalma. and 
Thisse (1992). 
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To link observed and predicted market shares, it is useful (and realistic) to assume 

that one of the alternatives in the set M is "none of the above"; that is, consumers may 

choose not to purchase any of the varieties.^ Suppose that product n is the alternative of 

"choosing nothing" Fix its utility level by setting its price equal to zero. Now the 

distinction between theoretical probabilities and market shares can be 

drawn: a market share is a firm's proportion of total market sales, while a choice 

probability is the likelihood that the consumer purchases from a given firm conditional on 

the variety being inside the product group. More compactly, the theoretical choice 

probability for product j 'ls given by P^-s(\-P^), where P, is the theoretical 

probability that the outside alternative is chosen 

.\s originally shown by Werden and Froeb, three important price elasticity 

measures emerge from the current framework The aggregate price elasticity of demand, 

denoted by e. measures the sensitivity of the aggregate inside probabilities to identical, 

infinitesimal increases in prices of inside goods. That is. 

f = y P, 

<-v V 2-y p (5 )  

avoid notauonal clutter. I have assumed that there is only one "representative" consumer. This 
involves no loss of generalitv if there is no correlation between utilities of different consumers. 
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It is straightforward to show that (5) simplifies to f where p is the share-

weighted average premerger price/' Similarly, own and cross-price elasticities, given by 

s and f , respectively, are written as 

e^=Pp^{\-P) .  (6)  

S j t  = fiPkPt O) 

Firms with large shares have relatively inelastic demands If marginal costs are 

constant, fixed costs are zero, and a single variety is associated with each firm, profit 

functions are 

rt  7  = 1.  .«- l  (8)  

Each firm pays a fixed cost F > 0 to produce in the market. .Assuming positive 

equilibrium prices, the n -1 first order necessary conditions for profit maximization are, 

for each y 

^ This assumption is not cnictal for the theoretical model, but is certainly desirable for an empirical 
anahsis. The presence of the outside option allo^^-s aggregate demand to fall in response to a general price 
mcrease. 
' That IS. p = ^5 /7,. 
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)^ = 0 (9) 

The equations in (9) implicitly define reaction functions in the Bertrand pricing 

game/* The profit function may be verified to be strictly quasiconcave by differentiating 

(9) with respect to own price, then evaluating the second derivative at prices where (9) is 

zero Strict quasiconcavity may then be used to establish existence of a Bertrand-Nash 

equilibrium. Using (3) and (5). (9) simplifies to 

p -c = ——^ (10) 
•  p { \ - P )  

Equation (10) implies that large firms set large margins. Also, the greater the 

cross price elasticities, the smaller is any one firm s margin One can also show that 

greater substitutability between the inside and outside goods (as measured bv the 

aggregate elasticity) decreases each firm s margin Since the theoretical choice 

probabilities have the logit specification, equilibrium prices must be derived fi"om (10) 

numerically It will prove convenient to work with equal premerger prices, so in the 

numerical analysis I follow Werden and Froeb by solving (10) for the vector of costs that 

*^.^5 in all games uith price competition, the reacuon fiuictions slope upward. This propertv is used to 
justif> pnce ujcrcases due to merger. 
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yield an equal-price equilibrium.*' Market welfare for the inside goods (as computed by 

firms) is the probability-weighted sum of expected consumer surplus and profits: 

T  =  ( I D  

''This should not be confused with the Anderson. DePaltna. and Thisse proof that firms mth equal 
marginal costs and identically zero a terms charge the same price .A^nunetry is in fact the element that 
drives the analysis in this paper. Notice that once the price is chosen, the other parameters must be chosen 
so as to induce positive marginal costs. The technical condition that assures noiuiesative marginal costs 
basically bounds the vector of premerger market shares by a fimction of the aggregate and cross price 
elasuciues of demand. 
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B Mergers. Efficiencies, and Aggregate Welfare 

Now suppose that two firms merge As in previous studies, market effects are 

determined by characterizing each firm's reaction to the new combination. The merged 

firm satisfies the new first order necessary condition: 

where Z', = (-S; At premerger prices and market shares, (9) is 

positive Since profit functions are quasiconcave. it follows that the merged firm "mcreases 

both prices Equating margins implies that the merged firm increases the price of the 

smaller share product by a greater absolute amount than the larger share product; this 

effect is intensified as the merging firms become more asymmetric in market shares. 

Reactions by nonmerging firms to price changes are governed by their reaction 

functions Since reaction ftinctions are upward sloping, each nonmerging firm raises its 

own price in response to price increases The appropriate response can be characterized 

by examining the slope of a nonmerging firm's reaction ftinction, differentiating (9) and 

using (3) and (4), one obtains 
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(13) is larger for firms with high market shares and never exceeds one-half, so 

large nonmerging firms increase price more than small nonmerging firms, but no more than 

half as much as merging firms With all reactions in hand, market effects of mergers may 

now be computed. Since equilibria must be computed numerically, analyzing the first 

order conditions does not sufiBce to solve for the postmerger equilibrium. Instead, I 

induce reasonable initial values for firm and industry variables and solve for pre- and 

postmerger equilibria. Results fi^om mergers in a four-firm (premerger) industry appear in 

Table 3 1; premerger market average price is assumed to be unity, 

f=l.^ = 7,and{y,}=(l, 1,3.5}: 

For the mergers shown in Table 3 1. elasticity parameters were seleaed so that the 

outside good is a fairly poor substitute for the inside goods; this tends to force demand 

substitution toward firms in the nest. The cross price elasticity parameter of 7 implies that 

goods inside the nest are fairly responsive to changes in own price; this forces substitution 

to other products. The premerger industry in Table 3 I is concentrated by Guidelines 

standards, but notice thai the first two mergers actually increase aggregate welfare .Also, 

the largest industry price increases come from mergers of firms with high premerger 

market shares, and as predicted the merging firms always increased price by a 

""For siinplicit>-. weight the pnce increases of the merging Hmis by their premerger market shares to give 
a smgle number. This does not affect the qualitative results of (13). 



Table 3.1 
Mergers in a Four Firm Industry 

Firms AHHI Apj^^ AWdfare 
TU) 202 Ols 0095 
(U)  602  1 .71  0 .118  
(1.4) 1002 2J4 -0.231 
(3.4) 3002 8.38 -2.41 
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higher absolute amount than nonmerging firms In all cases, price increases imply that 

consumer surplus falls, although consumers lose the least with the "small" mergers. 

In analogy with the FarrelL Shapiro study, the source of increases in aggregate 

welfare for some mergers (or parameter values) is the share-weighted industry average 

cost. For large enough cross-price elasticities, buyers of the merged goods are likely to 

switch to other varieties because nonmerging firms do not increase price as much as 

merging firms. If the switch^' takes consumers fi'om a high-cost firm to a low-cost one, 

average industry costs fall. The end result may be higher industry profits. For this implicit 

efficiency effect (which is manifested in postmerger profits) to improve aggregate welfare, 

it must dominate the loss in consumer surplus that arises when all prices increase. 

Efficiencies directly affect the cost structures of the merging firms. In the current 

framework, there are two sources of efficiencies cost savings due to elimination of 

duplicative fixed inputs, and scale-dependent cost savings. The effects of each type of 

cost lowering are important for policy analysis To make the notion of efficiencies clearer, 

consider the costs of production for each merging firm If .r denotes output for the ith 

firm, premerger costs may be written as; 

^ ̂  : 0 ifx = 0 

: c x . ^ F i r x > 0  

' .A.ctiiall>. for a represeniative consumer, the "switch" is an increase in the probabiIit> of purchasing 
another good. 
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A merger may have the effect of lowering marginal and/or fixed costs for each 

firm, so for any two merging firms / and j. total costs are given by 

0 if r, = X. = 0 

c,x. ifx, >0,r^ =0 

c.Xj + F. if X, = 0, >0 

(I-d,>:,x, x^ +<j,F, ifx,.x^ >0 

The parameters a and 9 (each of which lie between zero and one for both merging 

firms) refer to percentage cost decreases for the respective varieties In the expression for 

total merger costs I have assumed that efficiencies only accrue when both firms produce a 

positive amount of output, and that no fixed cost savings may occur when only one variety 

is produced postmerger For any level of marginal cost decreases, the cost specification is 

actually a recipe for economies of scope Howev er, a difficulty with the interpretation of 

postmerger economies of scope is that mergers do not replace existing plants with new 

ones, where both products are produced simultaneously This limits a strict interpretation 

of the duality between technology and costs, unless managerial efficiency is somehow 

included in the description of technology. Also, some kinds of cost lowering may not be 

real, in the sense that the merger itself allows a firm to produce each unit at a lower cost. 
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Efficiencies may instead be pecuniary, perhaps due to increased bargaining power in input 

markets or additional muscle in marketing and product promotion. 

Small, negative shocks to merging firms' marginal costs have the effea of 

dampening price increases by both merging and nonmerging firms Efficiencies may 

therefore have the effect of making merging firms more profitable by a first order effect 

(i.e. , by the direct effect on prices), nonmerging firms more profitable by a second order 

effect (i.e., by their response to merging firms' pricing decisions), and consumers better 

off than they would be with no efficiencies. In sum, efficiencies increase aggregate 

wel^e when profit gains due to cost lowering outweigh losses in consumer weliare. 

Since equilibrium prices cannot be derived in closed form, it is also impossible to 

solve for closed form expressions of profit and welfare. Even so, the theoretical effects of 

efficiencies can be studied by writing cost changes in terms of elasticities and probabilities. 

Consider, for example, a merging firm that experiences a postmerger cost decrease. What 

level of per-unit cost savings induce no change in equilibrium price ' Let v be the per unit 

cost savings for firm j and suppose firms j and k merge L'sing (10) and (12). a merger 

induces a zero price effect for firm j if 

1 l__ 

'If efficiencies are pecuniar>°. then nonmerging firms who buy identical inputs or compete for retail shelf 
space will be affected In' way of a pectmiaiy externality. I ignore this potenual increase in nonmerging 
firms' costs, as such cost increases are endogenous. 
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(14) can be rewritten as 

v = ^ ^ (15) 

Now, for any premerger share for firm J and successively smaller shares firm k, 

smaller and smaller efi5ciencies are required to eliminate J's price increases. Also, holding 

shares constant, a larger elasticity implies smaller necessary efficiencies. This is because a 

large elasticity implies that consumers are more likely to go outside the nest when ail 

inside prices increase, thus eliminating some of the incentive for firms to price very much 

above marginal cost. Similarly, larger values of cross price elasticities imply more 

substitutability between inside goods, so individual firms' pricing incentives are harnessed. 

Also, since the right hand side also applies to efficiencies for firm k, the same level of cost 

lowering for each firm cannot eliminate both price increases 

The previous examples show how certain reasonable configurations of market 

observables can imply welfare-improving mergers even without efficiencies, so the role of 

cost lowering is somewhat clearer: when a merger without efficiencies decreases industry 

average cost enough to improve aggregate welfare, efficiencies help along this effect. 

When a merger decreases welfare, efficiencies would tend to counteract the adverse 

effects of price increases. However, countervailing efficiencies may also lower the profits 

of nonmerging firms. 1 reconsider the mergers in Table 3 1 by adding progressively larger 

(yet reasonable) decreases in marginal costs of merging firms. Equal cost decreases (in 
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percentage terms) are assumed to apply to each firm. Results are summarized in Table 

3 2 

Several interesting and intuitive regularities appear in Table 3 2 First, notice that 

for smaller mergers (i e.. mergers of firms 1 and 2 or 1 and 3) smaller efficiencies are 

required to improve total welfare. In fact, for the first merger, firms need only decrease 

their respeaive marginal costs by 2.5 percent to increase wel&re. In contrast, for the last 

two mergers, impressive efBciencies are required to increase welfere. This is because in 

the model without efficiencies, small firms have small margins. Since small merging firms 

increase price at least twice as much as nonmerging firms, consumers are more likely to 

purchase from nonmerging firms with large margins. This tends to increase profits and 

reduce consumer welfare. With efficiencies, however, small firms increase price by less, 

so they keep consumers that they would have otherwise lost Consumer surplus falls by 

less as a result. Costs may still be high enough, however, to prevent the increase in small 

merging firms' profits to outweigh the loss in profits of large firms This phenomenon 

occurs in the first and second mergers, but in the second merger efficiencies can be large 

enough to outw eigh profit losses of nonmerging firms 

The last two mergers in Table 3.2 trace the effects of cost-lowering on merging 

firms whose costs are already relatively low Decreases in their costs can make all firms 

more profitable because of the asymmetric price effect of the merger Nonmerging firms 

enjoy an increased consumer base due to their modest price increases, while the large 



Tables^ 
Aggregate Welfare Changes with Efficiencies 

Marginal KffkitngY 
Firms aoi 0.025 0.05 0.1 
{12) 0218 0.414 0.773 1.620 
( U )  0.412 0.867 1.650 3.380 
(1.4) 0233 0.939 2.140 4.630 
(3.4) -1.850 -0.984 0.471 3.440 
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nonmerging firms earn more profit fi'om sales to consumers they keep even after price 

increases Consumer surplus is improved at a much slower rate than in the previous two 

mergers because of the large margins enjoyed by the dominant firms However, the large 

increases in mdustry profit imply that for a given level of efficiencies mergers of large 

firms can increase aggregate welfare &r more than mergers of smaller firms. 

The tables imply that asymmetric firm sizes can have significant postmerger 

welfare implications, irrespective of the size of eflSciencies Werden and Froeb show that, 

for a given merger size, higher concentration among nonmerging firms implies larger 

postmerger aggregate welfare. Of course, the intensity of this effect depends upon 

demand substitutability between the varieties Table 3 3 considers aggregate welfare 

effects of a merger between firms of equal size when efficiencies and concentration of 

nonmerging firms vary- Aggregate output is held constant and the cross price elasticity 

parameter is set to 10. The market elasticity is I. premerger average market price is unity, 

and the combined share of the merged firms is 40 percent There are four firms in the 

indusirv- prior to merger 

The results in Table 3 3 are fairly provocative with efficiencies, aggregate welfare 

can aaually fall with increases in nonmerging concentration, and in fact some 

efficiency/concentration pairs welfare- dominate others. Notice that larger efficiencies 

always improve welfare regardless of the level of nonmerging concentration, but for a 

given level of efficiencies, higher concentration implies lower aggregate welfare. The 

reason for this is simple: with large enough efficiencies, merging firms actually cut their 



Table 3 J 
Aggregate Welfare Changes, Varying Nonmerging Concentration 

Margiiial NoBmernnsHin 

Eflkieiicy 2150 2400 2950 3800 4950 

0.001 0.043 0.049 0.059 0.077 0.103 

0.01 0.184 0.187 0.191 0.198 0J08 

0.025 0.440 0.437 0.428 0.415 0.395 

0.05 0.928 0.912 0.878 0.822 0.737 

0.1 2 150 2.100 1.990 1.820 1J44 
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prices and attract consumers from nonmerging firms Higher concentration among 

normierging firms implies that nonmerging industry- average cost is lower; substituting 

away from low-cost suppliers implies a loss in profits tor the large nonmerging firm(s) 

Aggregate welfare is improved because increases in merging firms' profits plus the 

increase in consumer surplus outweighs profit losses. 

Concentration of the merging firms can also play a significant role in postmerger 

outcomes, and with efficiencies the merging firms can be faced with unusual pncing 

incentives. For example, consider a merger between a very large and a very small firm. It 

has been shown that the small firm increases price by a greater absolute amount than the 

larger firm, but when there are efficiencies the small firm may actually decrease its 

premerger price while the larger firm increases its price. This is true even when the same 

level of efficiencies apply to both merging firms Responses by nonmerging firms depend 

on the share-weighted price change by the merging firms Table 3 4 presents resuhs from 

a series of mergers in a five-firm industry The three nonmerging firms have equal market 

shares, premerger concentration among merging firms is expressed as the change in the 

premerger HHI Other market facts are the same as in Table 3 3 The results are similar to 

those in Table 3 3; larger efficiencies improve aggregate welfare for any premerger 

concentration, but higher concentration among merging firms decreases welfare. 



Table 3.4 
Welfare Changes, Varying Merging Concentration 

Marsinal MerfiBf HHI 
Eflicicacy 78 350 600 750 800 

0.001 0.030 0.000 •0.020 •0.040 -0.050 
0.01 0380 OJ40 0J»97 0.268 0.258 

0.025 0.983 0.920 0.854 0.812 0.797 
0.05 2.050 1.950 1.850 1.790 1.770 
0.1 4.420 4J:70 4.110 4.010 3.980 
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C Asvmmeiric Efficiencies 

Cost lowering due to merger is subject to many interpretations. If efficiencies are 

to be generated, how are they likely to be manit^ted'' In the Procter case, it was 

conjectured that Cloro^^'s costs might fall because they could use Procter's lower 

advenising rates. On the other hand, there may have been some complementarities 

associated with Procter's production of cleansers and bleach.'" In this sense, it appears 

that while Procter was much larger than Clorox, both firms may have plausibly enjoyed 

postmerger marginal cost decreases". This justifies the approach taken in the last section, 

where the same level of efficiencies applied to both firms. 

On the other hand, it is also plausible that cost savings apply only to the smaller (i. 

e . higher cost) firm in an asymmetric merger. In extreme cases, the smaller firm may 

inherit the costs of the larger firm. This has the effea of dampening price increases by the 

smaller firm and therefore increasing the likelihood that the average merged price 

decreases, which would in turn decrease industry prices The strength of this effect 

depends upon the relative sizes of the merging finms. since the absolute size of price 

increases by merging firms is governed in part by premerger asymmetries in size 

'Economies of scope is the terai used to describe such compiementanues. but constant margiaal costs do 
not irnpK subaddiuv-it\- of cost functions. This tnconsistencv- may be reconciled somew hat b>' considenng 
marpnal cost as a composite of many costs specific to production and distnbuuon. 
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D The Consumer Surplus Welfare Standard 

Although mergers have been scrutinized under the Clayton Act and its 

amendments for decades, there remains debate about the intent of the relevant antitrust law 

On one hand, some argue that the purpose of the law is to protect consumer welfare This 

viewpoint advocates a consumer surplus standard that would ostensibly prohibit any 

combination that lowers aggregate consumer surplus in some well-defined market. This 

standard is potentially quite rigid because price increases due to merger always decrease 

consumer surplus. The alternative view of merger policy (and antitrust law in general) 

holds that its purpose is to promote ailocative efficiency without explicit regard to the 

distribution of income In merger analysis, this viewpoint is most sensibly held by those 

who would promote the efficiencies defense, since small efficiencies imply higher profits for 

firms while much larger efficiencies are required for benefits to spill over to consumers The 

previous seaion shows that, as in the Williamson model, small margmal cost savings can 

improve total welfare Some of the examples show that welfare improvement can 

nevertheless involve relatively large transfers of surplus from consumers to producers 

In the foregoing model, price increases without efficiencies imply that consumer 

surplus unambiguously falls. However, classifications of market concentration and the 

e.\istence of safe harbors in the Merger Guidelines seem to imply that some price increases 

are small enough to render changes in consumer surplus negligible Failing explicit 

Strictly speaking, the action of potential competition was a much more significant element of the 
Cloro.\ case, but Williamson's use of the Clorox case merits further stud\. 
''An objection to this interpretation of the Merger Guidelines may be that the foregoing model u-as not 
used in detemiining possible outcomes of mergers. Recall that Fanell and Shapiro provide a fairly general 
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thresholds for negligible decreases in consumer surplus, it is worthwhile to investigate the 

price-lowering potential of efficiencies and their eff^ts on market participants. 

Table 3 2 presents some prelintiinary results on efficiencies and cost lowering, in 

the second and fourth mergers there are efficiencies that generate equilibrium price 

decreases for at least one of the merging firms. When merging firms lower their 

postmerger prices in response to efficiencies, (13) shows that the response by nonmerging 

firms is to also lower price, but by no more than half of the share-weighted average of the 

merged firms' decreases. This implies that for a given set of elasticities, merging firms who 

decrease price are able to increase their profits by sicimming marginal consumers fi'om 

nonmerging firms, and nonmerging firms may become less profitable as a result. 

Consumers, on the other hand, are certainly better off because of price decreases. Small 

and Rosen (1981) have shown that for respective pre- and postmerger price lists and 

{p {, consumer surplus increases by 

I n X  e x p ( a , - y ^ ^ : ' ) - I n X , e . x p ( ^ 2 t  - P p  )  

Equation (16) indicates that cross-price elasticities are instrume.ital in guiding changes in 

consumer welfare. Efficiencies are indirectly felt by consumers through their effect on 

prices, but cross- price elasticities calibrate the degree to which efficiency effects trickle 

proof that mergers usualK increase price (i.e.. decrease welfare) in models of quantity competition, and 
\irgc eCRcienaes are usually required to reverse this effect. 
^With eSiaencies. it is possible that a price decrease b> one of the merging partners is accompanied bv a 
price increase by the merging partner 
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down to consumers. The trouble with (14) is that it is not directly applicable to wel&re 

computations in this paper, the utility of the outside good (with its price equated to zero 

throughout) renders (14) inaccurate as a measure of changes in consumer welfare. 

Instead, welfare changes are computed as percentages of premerger market revenue for 

the inside goods. Tables 3 5 and 3.6 consider the consumer welfare effects of mergers 

where both P and the level of efficiencies are varied. Shares of merging firms are fixed; 

Table 3 5 considers a small merger, with n = -i.p = Lf =.L{f.J..^,.j.} = {.L.L.L.7} Table 3 6 

presents a large merger, with « = 4.p = Ls = {.L.L.L7}; firms 1 and 4 merge. 

Table 3 .5 shows that for a given set of cross-price elasticities, larger efficiencies 

imply higher postmerger consumer surplus The more elastic the demands, the smaller are 

the efficiencies required to improve consumer welfare. For the small merger and for 

medium elasticities, the merging firms need only lower costs by 2 5 percent apiece to 

improve consumer surplus. Table 3 6 exhibits the same elasticity-efficiency relationship as 

Table 3 5. but shows how the size of the merger can imply that quite large cost savings are 

required to improve postmerger consumer surplus. Notice, however, that many of the 

large mergers increase aggregate welfare. Finally, since the results in Tables 3 5 and 3 .6 



83 

Tables^ 
Consumer Welfare Changes, Small Merger 

Bilargiiuil fisia 
Eflfcieacy 4 7 10 15 20 

0.001 -1.420 -0.830 -0J90 -0.380 -0j»70 
0.01 -I.I40 -0.497 -0.220 0.000 0.120 

0.025 -0.670 0.070 0.390 0.662 0 800 
0.05 O.I 10 1.040 1 450 1.800 2.000 
0.1 1.730 3.060 3.680 4220 4.520 



Table 3.6 
Consumer Welfare Changes, Large Merger 

Marpoal 
Eflkkocy 4 7 to 15 20 25 

aool -8.010 -4.770 -3.390 -2.290 -1.720 -1.380 

0.01 -7.960 -4.660 -3.260 -2-130 -1.550 -1.210 

0.025 -7.880 -4.470 -3 030 -1 870 -1.280 -0.930 

0.05 -7.750 -4.160 -2.650 -1.450 -0.840 -0.480 

0.1 -7.490 -3.560 -1.930 -0.660 -0.040 OJOO 

0.25 -6.710 -1.840 0.050 1.3^0 1.890 2.120 
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depend on a rather small aggregate elasticity of demand, in Table 3 7 1 recompute changes 

in consumer welfare for the small merger using an aggregate elasticity of unity " 

' Recall that the aggregate elasticity- calibrates the likelihood that the consumer makes no purchase when 
ail pnces for the inside good nse A small elasticity implies that the consumer is more likely to stay inside 
the nest when pnces rise: efficiencies would necessarily have to be larger in order for a low-elasticity 
consumer to benefit from a merger. 
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Table 3.7 
Consumer Welfare Changes, Small Merger, Elasticity=l 

Marpnal 
Eflkiency 4 7 10 15 20 

0.001 •0.620 -0.490 -0390 -OJOO -0220 
0.01 -0.450 -0.250 -0.110 0.030 0.120 

0.025 -0.150 0.160 0.380 0.590 0."?30 
0.05 0.350 0.890 1-230 1.600 1 S«) 
0.1 1.420 2.450 3.110 5.790 4 (80 
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E. Wel^e Standards and Distribution of Wealth; an Example 

The sections above outline how efficiencies combine with market observables to 

create various changes in welfare measures The choice of a particular welfare standard to 

apply to merger cases should somehow be informed by the previous analysis, but so far 

only aggregate welfiu-e measures have been considered. Changes in aggregate measures 

imply that profits and utility change on an individual basis, so it is important to study the 

private effects of mergers. This approach can shed some light on the individual transfers 

of wealth that occur when firms merge. 

To make merger analysis with the foregoing model more concrete, I consider an 

example using actual market share data fi-om the carbonated soft drink industry in 198S. 

At the time, two prominent mergers were planned: Coca-Cola aimounced plans to merger 

with Dr Pepper. Carbonated soft drinks are certainly differentiated products, and there is 

tN-pically linle difference between prices of national brands Furthermore, in the case of 

Pepsi and Seven-Up, it is likely that a typical consumer would view the two principal soft 

drinks as relatively poor substitutes This makes the proposed merger a candidate for 

analysis by way of the logit model. 

Market shares of U. S producers of carbonated soft drinks (circa 1985) appear in 

Table 3 8. and are from FTC v. Coca Cola Co. , 641 F Supp. 1128. 1134. Coca-Cola 

and Pepsi dominated the domestic market, while Dr Pepper and Seven-L'p had small and 

comparable market shares The share data shows that the market was concentrated 
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Table 3.8 
Market Shares for Soft Drink Industry, 1985 

PrptfuCTr SlucB 
Coca Cola 37.4*/« 
Pepsi 28.9% 
Seven U p  5.7?-i 
RJR 30». 
RC Cola 
Procter 1.8^o 
DrPepper 4.6*/» 
Others I5.7?» 
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according to the Merger Guidelines To determine the effects of the Coke/DrPepper 

nterger. I assume that all premerger prices are equal to one Elasticities then depend upon 

selected values of p. Small values of 3 imply that there is linle response to individual price 

changes, which roughly corresponds to some notion of brand loyalty The choice of the 

aggregate elasticity is left to interpretation; I follow the examples in the previous sections 

and set E=. 1. This implies that consimiers are less likely to "^exit" the carbonated soft 

drink market when all prices rise. Table 3.9 shows the price and welfare effects of a 

Coca-Cola/Dr Pepper merger without efficiencies. 

The proposed Coke/DrPepper merger (which was ultimately disallowed) increases 

average industry price, but lowers industry average cost. This makes each nonmerging 

firm more profitable and increases aggregate profits inside the merger. '* Aggregate 

welfere drops only slightly, but notice that the merger converts a larger portion of 

consumer welfare into producer weltVe If the foregoing oligopoly model is correct, it 

would appear that the enforcement agencies either followed a ver> strict consumer surplus 

standard or felt that the transfer of wealth from consumers to producers was too great " ^ 

Notice that Dr Pepper's predicted price increase is quite significant, while price increases 

by other firms are actually quite small. When weighted by market share, however, Dr 

Pepper's price increase actually contributes fairly little to the overall decrease in consumer 

surplus 

'"Many mergers uill make the smaller unit unprofitable, but aggregate profits increase because the larger 
merging partner increases price by less. 
""Since the market share data is at the national level, the merger effects presented here should be 
interpreted as "average" effects, i.e.. e.\amples of effects within smaller geographic markets. 



Table 3.9 
Simulatiun of the Coke/DrPepper Merger: No Efficiencies 

PrcMcfKcr l*o«IIVfcrKcr PrcMcrgcr PusllVlcrgcr PoilMcrgcr PrclVlvrxrr PostlVlcrKcr 
Qttanllty Quantity Co«t> Coit« Pricc Profll Profit 

CoCM Cul» 0.352 0.248 0.092 0,092 1.032 0,320 0.327 

Pepsi 0,272 0.280 0.192 0.192 1.009 0.220 0.229 

Seven Up 0.054 0.056 0,378 0.378 1.002 0.033 0.035 
DrPepper 0.043 0.026 0,385 0.385 1.325 0,027 0.024 

K.IK 0.02X 0.02«) 0.395 0.395 1.008 0,017 0.018 

RC 0.027 0.029 0.395 0.395 1.007 0.017 0.017 

Procter 0.017 0.018 0.402 0.402 1,004 0.010 0.011 
Other 0.148 0.153 0,310 0,310 1.004 0 102 0.106 

Nunc 0.059 0.061 - • - • . 

PrcMcrner PoslMcrger Change */• Chungf 
Ilerflnduhl Index 2555 2938 383 
industry Price 1 1,024 0.0244 2 4 4  
Industry Quiintily 0.941 0.939 -0.0026 •0.28 
Average Costs 0.208 0.207 •0.001 •0,62 
Merged Firm Price 1 1.052 0.052 5.2 
Merged Firm Profit 0.3462 0.3516 0.0054 1.57 
Industry Profits 0.745 0.767 0.022 2 96 
Consumer Surplus -2.71 
Welfare •0.36611 
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Coca-Coia officials argued that the merger would create cost savings that would 

accrue primarily to Dr Pepper An extreme form of this hypothesis is that Dr Pepper 

could have acquired Coke's marginal costs; the effects of such a scenario would be to 

reverse the large Dr Pepper price increase noted above, which would increase Dr Pepper's 

market share. Table 3.10 reconsiders the merger using the same parameters as Table 3.9. 

When Dr Pepper acquires Coke's cost structure, its price increase matches Coke's and is 

far smaller than with no efficiencies. Consumer surplus &lls by less, and aggregate welfare 

is actually increased by the merger. Notice that the merger increases Dr Pepper's profits 

by almost half, and each nonmerging firm profits less with the "^efficient" merger than they 

do without efficiencies. 

It is worth noting that under both cost structures, all nonmerging firms become 

more profitable after the merger takes place. In principle, nonmerging firms should have 

no complaint with the merger, but the bulk of antitrust litigation is carried out privately 

With the current model, it is reasonable to assume that no rival would file a private 

aniitmst complaint until it loses profits from the merger Table 5 10 shows that even 

under a rather brave assumption about postmerger costs, no nonmerging firm loses. When 

would a rival lose profits due to merger'' With the current parameters in Tables 3.9 and 

3 .10. both Coke and Dr Pepper would each need to decrease their postmerger costs 



Table 3.10 
Simuiiilion of the Coke/DrPepper Merger: RffHciencies for DrPepper 

PreMcrger PusilVlcnier PrclVlcrgcr PoslMcrgcr PoillVlergcr PrcMcrger PoilMcrgcr 

Qumtliy Quintlty Com CosU Price Front Profit 

Coca Coll 0.352 0.339 0.092 0.092 1.041 0,320 0.321 

Pepsi 0.272 0.278 0.192 0.192 1.006 0.220 0.226 
Stvcn Up 0.0S4 0.055 0.378 0.378 I.OOl 0.033 0.034 

DrPepper 0.043 0.042 0.385 0.092 1.041 0.027 0.040 

RJR 0.028 0.029 0.395 0.395 I.OOl 0.017 0.018 

RC 0.027 0.028 0395 0.395 I.OOl 0.017 0.017 

Procter 0.017 0.018 0.402 0.402 1.000 0010 0.010 

Otiier 0.148 0.152 0.310 0.310 1.000 0 102 0.105 

None O.OV) 0.061 • • • • • 

PreMerger PostMerger Change */t Change 
llernndNliI index 2555 2938 383 
Industry Price 1 1.019 0.0244 1.9! 
Industry Qunntity 0 941 0.939 -0.0026 •0.2 
Average Costs 0.208 0.198 -0.001 -5.07 
Merged Pirm Price 1 1.041 0.052 4.1 
Merged Firm Profit 0.3462 0.362 0.0158 4.22 
industry Profits 0.745 0.772 0.022 3.55 
Consumer Surplus , -i.94 
Welfare 0.869 
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by 80 percent. However, consumers actually improve their premerger situation with such 

{arge efficiencies, so the combination would likely be ruled procompetitive. 

" The source of this large requirement is the large a^ mmetn- in market size of Coke and Dr Pepper: since 
Dr Pepper increases its price by a large absolute amount after merger. vei>' large cost decreases are 
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F The Selection of a Welfere Standard when Efficiencies are Present 

Which is the proper welfare standard to invoke when studying the effects of 

mergers'^ Without efficiencies, we have seen that it is possible for mergers to improve 

aggregate welfare. This net welfare gain necessarily comes at a loss of consumer welfare, 

so the selection of a standard boils down to the postmerger distribution of wealth. When 

prices increase, consumer wel^e falls. The only issue that arises is the amount of the 

decrease in consumer surplus, which depends upon costs and elasticities. Under a very 

strict consumer surplus standard, the amount of the decrease is irrelevant, and any merger 

activity would be prohibited. This result is obviously at odds with the empirical regularity 

of merger aaivity If extant oligopoly models accurately capture pricing (or output) 

incentives for both merging and nonmerging firms, the government seems to follow an 

aggregate welfare standard, or it implicitly calculates efficiencies in the welfare analysis, 

especially if postmerger entry and product repositioning are not thought to significantly 

affect postmerger outcomes. Notice that when firms are privately owned, the transfer of 

wealth from consumers to firms is overstated because consumers OUTI shares of the profit 

streams of all firms. When a merger induces all firms to increase price, all firms become 

more profitable, so that a consumer who OWTIS shares in such firms experiences a positive 

income effea that is not accounted for in the model 

With etficiencies that bear upon marginal cost, it is possible for postmerger 

consumer surplus to rise above its premerger level because efficiencies may lower prices. 

Since nonmerging firms change their prices in the same direction as the "average" change 

necessan to defeat the increases. 
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by the merging firms, price decreases by merging firms are consistent with the notion of 

increased market competition. The increase in consumer surplus is paid for by 

nonmerging firms who do not lower price as much as merging firms, while merging firms 

are (on average) more profitable than before. In previous sections it was shown how 

different premerger market shares and elasticities can imply relatively small levels of 

efficiencies that induce such price decreases. When efficiencies are large enough to force 

nonmerging firms to decrease price, the transfer of wealth fi-om nonmerging firms to 

merging firms and consumers may be relatively large. Under a strict consumer surplus 

standard, these transfers of wealth are ignored because nonmerging firms are the net 

losers. Now the transfer of wealth fi'om producers to consumers is overstated because 

shareholding consumers experience capital losses from ownership of firms 

In view of the arguments above, an aggregate wel&re standard seems most 

appropriate for merger analysis, especially when efficiencies are present The aggregate 

welfare standard is attractive because price increases do not necessarily imply that market 

welfare has fallen, while pnce decreases always increase market welfare at the cost of 

nonmerging firms' profitability A strict consumer surplus standard that uses pre- and 

postmerger prices to determine legality ignores these issues, so some mergers that would 

increase aggregate welfare are enjoined when some consumers' postmerger welfare may 

indeed improve Savings of fi.xed costs do not alter the marginal decisions of nonmerging 

firms, but they nevertheless increase the profitability of merging firms This private 

efficiency eSea also increases market welfare 
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V Caveats to the Model 

The model presented in this paper is intended to provide a more realistic basis for 

merger analysis than some prominent theories, although the most useful results are most 

applicable to rules of thumb that are currently employed by enforcement agencies. 

Nevertheless, it is useful to point out situations in which the model may be unrealistic. 

First, in presenting efficiency arguments, I have focused on merger-specific cost savings 

that alter pricing strategies. The effects are then spread throughout the industry and 

usually impart a positive externality on nonmerging firms. However, in many cases of 

merger efficiencies actually mean elimination of fixed costs. While elimination of 

duplicative fixed costs makes the merged firm more profitable, it does not alter the 

strategies of rival firms in a Bertrand-N'ash equilibrium Exclusion of output-independent 

costs from the model likely biases downward postmerger profit statistics, and in this sense 

there may be even more mergers that increase overall welfare. 

Since the model is static, two imponant issues are sidestepped that also bear on 

postmerger outcomes First, the model does not account for postmerger product 

repositioning. Even without efficiencies, firms may find it profitable to select new a. (or 

quality) terms. With efficiencies, incentives to increase qualit\- may be strong when 

merging fimis lower price, improved quality by nonmerging firms implies fewer customers 

lost to merging firms. .AJso. the static model ignores entry- incentives When mergers 

make all firms more profitable, entry incentives are enhanced for all current product 

qualities and may therefore temper industry price increases. When efficiencies induce 
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price decreases, firms may reposition or enter in order to compete uiith the merged firms. 

Of course, the static model is still of interest because profit statistics can be used to assess 

the postmerger likelihood of entry or product repositioning. 

In the presentation of efficiencies, it was assimied that various levels of cost 

savings were applicable to an arbitrary industry. However, a given percentage decrease in 

marginal costs may be more impressive in some industries (and for some firms) than 

others. Moreover, it is difficult to imagine a large firm enjoying significant marginal cost 

decreases due to a merger with a much smaller firm. In the model, firms have high mailcet 

shares because consumers prefer their goods or because they already have low costs. In 

Coca-Cola/DrPepper, Coke argued that the most significant postmerger effect would be a 

stronger market presence for DrPepper. In the model above, this argument is equivalent 

to a claim that Dr Pepper could somehow enjoy Coke's relatively lower costs, since 

without efficiencies the increase in DrPepper's price brings about a loss in sales. 
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VI. Conclusion 

This paper presents results from several simulations of mergers in differentiated 

products industries Cost lowering due to merger is shown to help determine postmerger 

welfare effects, although standard market observables such as elasticities, prices, and 

market shares can have significant postmerger outcomes. When there is no entry or 

product repositioning, efBciencies are necessary to induce price decreases by merging 

firms, which in turn yield postmerger market outcomes that appear "procompetitive". 

When efficiencies are relied upon in this way, the appropriate welfare standard for merger 

analysis is most likely an aggregate welfare standard, since wel^e distribution statistics 

are somewhat biased by private ownership of both merging and nonmerging firms' profits. 
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4. Individual and Group Play in Experimental Oligopoly Games 

I Introduction 

A central purpose of economics experiments is to test theories in controlled 

environments. Often such experiments test theories that are not strictly applicable to real-

world phenomena, but are interesting as behavioral models. For example, in its simplest 

form, the Coumot model of quantity competition is probably a poor specification of actual 

interlSrm rivalry The strict timing and informational requirements made by the relevant 

solution concept limit the empirical usefulness of the Coumot model. Nevertheless, the 

Coumot model is a good candidate for experimental test of oligopoly models because of 

its relative simplicity and its approximation of actual market competition. This paper 

studies data from quantity-setting experiments conducted by Rassenti, Reynolds, Smith, 

and Szidarofsky (RRSS) to detemiine the extent to which both group and individual play 

confomis to Coumot equilibrium predictions 

The Coumot model is a good candidate for empirical testing because of its 

simplicity. It is at the heart of a number of models in industrial organization whose 

predictions rest crucially on the notion of equilibrium. The theory of mergers and much 

merger policy has been built upon the Coumot equilibrium concept, and much of applied 

industrial organization uses the Coumot model as a benchmark. Useful intuition about the 

relationship between concentration and market performance can be derived from 

assumptions of profit maximization in a Coumot model. 
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While the above reasons justify empirical tests of quantity competition, a 

compelling case can be made for testing the Coumot model in the laboratory Controlled 

experiments are a desirable format for empirical testing because factors which bear on 

individual decisions and payoffs can be calibrated more readily than in the naturally 

occurring economy. Testable implications derive from the mathematical model, which is 

typically quite specific about timing, information, and payof&-'' Using real world data to 

test the Coumot model does not give the theory its best shot to succeed per se because 

the analyst knows comparatively little about the real world data generating process. In the 

laboratory, an experimenter can more credibly control some aspects of the data generating 

process, so failures of the theory may be simpler to identify. However, laboratory 

experiments with human subjects are susceptible to some very difficult problems, including 

interpretations of deviations from equilibrium play. Studying the behavior of humans in a 

controlled economic environntent can therefore yield insight into the ways that new 

theories can more accurately describe actual firm behavior 

Beyond the issue of determining the best environment to test the implications of 

Coumot quantity competition, the stmcture of the game has always been of interest to 

economists. Abstracting fi-om the industrial organization content of the Coumot model, 

the quantity competition game is practically isomorphic to the game form that can 

generate the well-known tragedy of the commons. The tragedy of the commons is a 

reference to a situation in which a group of players take actions which are collectively 

The imeq>retation of quantitv competition, where sellers can perfectly predia the price efifects of their 
production decisions, is a good example. 
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nonoptimal. The "tragedy" occurs because no individual has an equilibrium incentive to 

account for the effects of his actions on other players The Coumot model is cenainly 

susceptible to the tragedy of the commons in the sense that the players choose equilibrium 

outputs that are too high for aggregate profit maximization and too low for aggregate 

wet&re maximization.'^ 

There is considerable evidence that individual subjects in experimental games often 

do not select static equilibrium strat^y profiles in a given iteration of a game.^ There is a 

host of reasons for static nonequilibrium play, ranging fi'om repeated game effects to 

outright subject confusion. One reasonable justification for non-Nash play is strategic 

uncertainty; subjects need not play Nash equilibrium strategy profiles when they are 

uncertain of rivals' strategy choices. Individual-specific characteristics which can fuel 

strategic uncertainty may include such unobservables as risk preferences and cognitive 

skills. By their nature, these characteristics are difficult (if not impossible) to control 

Given strategic uncertainty, it may be reasonable to suppose that subjects are more likely 

to play equilibrium strategy profiles as they learn about their environment (and specifically 

their rivals). The term "environment" is all-encompassing; it includes the payoff function, 

rivals* payoff functions, and aspects of the rivals themselves. This view of play in empirical 

games shifts the focus fi-om static outcomes to outcomes that are determined by individual 

adjustment RRSS describe several e.xtant theoretical models of individual learning of 

Strictly speaking, the uagedy accrues to the producers because thev- do not ha% e individual incentives to 
exploit market demand as monopolists. 
^ Nonequilibnum behavior is a hallmark of the literature on voluntan contributions mechanisms and 
bargaining games. 
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equilibria, this paper presents estimates from regression specifications based on strat^c 

inertia and the Coumot best response dynamic 
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n. Results from Previous Studies 

The study of oligopoly behavior in economics experiments is hardly novel; 

Fouraker and Siege! (1963) and Seigel and Fouraker (I960) conducted seminal oligopoly 

experiments using payoff tables under conditions of full and private information about 

individual values. A number of studies followed, including Friedman (1967, 1969), Hoh 

(198S), Phillips, Battalio, and Holcombe (I98S), and Holcombe and Nelson (1988). These 

experiments used quantity setting, price setting, and varying numbers of sellers to extend 

the level of inquiry, but the results were rather mixed. Price setting led to more 

cooperative behavior than did quantity setting, and larger numbers of sellers tended to 

depress the market price. In short, e.xperimenial studies since Fouraker and Seigel have 

observed behavior which runs the gamut between purely competitive and purely 

cooperative. 

Binger, Hoffman, Libecap. and Shachat (1992) point out that most of the 

oligopoly experiments conducted to date had allowed free disposal of unsold units. Strictly 

speaking, free disposal is not consistent \\ith the Coumot model, as it is assumed that 

production costs are not recoverable, and can in fact help determine equilibrium market 

outputs Research conducted by Mestelman and Welland (1987.1988) confirms that 

quantity commitment eliminates the observed price differences between the so-called 

double auction and posted offer institutions. 

Effects of explicit collusion were studied by Isaac and Plott (1981) and Isaac, 

Ramey, and Williams (1984) These studies found that when buyers and sellers each 

aaively make offers, prices tended to competitive levels, but when only sellers post offers. 
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prices are supra-competitive. Interestingly, prices in these institutions did not tend toward 

collusive levels. Btnger. Hoffinan. Libecap. and Shachat (BHLS) found that path 

dependence was important in eliciting cooperative outcomes, early cooperation tended to 

engender late cooperation, and an initial failure to collude doomed future collusive efiforts. 

The authors also found that communication treatments, in which subjects were aOowed to 

discuss strategies, tended to make outcomes more coUusive. The level of cooperation 

tended to stay at the same level throughout the experiments, indicating that 

experimentation was not a popular alternative for many subjects. When no communication 

was allowed, collusive behavior only obtained when there were two (rather than five) 

sellers. A key contribution of the BHLS study is its use of state-of-the-art econometric 

tools, including panel data techniques. 

Taken as a whole, the literature does not provide much support for the seemingly 

simple h>pothesis that subjects conform to Coumot behavior when there is more than one 

seller Reasons for the observed divergence might include repeated game effects, notions 

of fairness or equity, or lack of cognitive ability- on the subjects' part Confliaing results 

from a wide array of specifications imply that the paths away from equilibrium should be 

studied as much as paths toward equilibrium. The next section outlines another set of 

experiments and sets the stage for a new set of econometric inquiries. 
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QI. The RRSS Oligopoly Games 

The oligopoly games studied by RRSS have a simple structure For seventy-five 

periods, each of five subjects chose to "produce" a nonnegative amount of "output '* 

Market demand in a given period was induced by the experimenters and is given by: 

= maxjo, 540 - | (I). 

With this formulation, the nuirket price could not drop below zero in any period, 

and could be no larger than 540. As a result, the induced demand schedule cut both the 

price and quantity axes. Experimental profits for a given subject were; 

^ . .=(Pr-OX: ,  ( - )  

There were no fixed costs of production Each subject had positive, constant 

marginal costs of production. Table 4.1 shows marginal costs. Coumot equilibrium 

outputs, and equilibrium market output for each of the experiments. Equilibrium market 

output in each period was X' = 425 In each of the experiments, subjects did not 

know rivals' marginal costs However, there were several experiments in which subjects 

were allowed to see rivals' output histories The effects of output histories are not studied 

here, the next section introduces the data and describes the Coumot best response 

dynamic. 



Tabk 4.1 
RRSS Experiment Parameters 

1 
2 
3 
4 
5 

Co«t Oatpat 
6 109 
18 97 
30 S5 
42 73 
54 61 
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rv. Testable Implications and the Cournct Best Response Dynamic 

There are several interesting ways in which the data from each experiment can be 

organized and studied. Each period of each experiment yields individual output choices, a 

market output, and a price. It is therefore possible to derive a point elasticity of demand, 

profit measures, and a Hirschman-Herfindahl Index (HHI) for each period of the 

experiment. Some key testable implications of the model can be derived fi'om the first 

order necessary conditions for individual profit maxima. First order necessary conditions 

for profit maxima are: 

^ = -x,^540-2;;.,X^-C,;/ = 1....5. (3) 

The first result fi-om (3) is that marginal profits are decreasing in rivals' output. Put 

differently, reaction functions are downward sloping. Another implication is that at a profit 

maximum, marginal profits decrease at a constant rate when OM^TI output is increased This 

is a consequence of the linear demand funaion. Implicit in (3) is the assumption of the so-

called "consistent conjectural variations," in which each subject guesses correctly that 

market output changes at a constant rate along with changes in his own output. This 

assumption has little bite in a one-period model but as players adjust to their rivals' 

choices through multiple plays of the stage game, it can be evaluated. Figure 4.2 shows 

that, on average, subjects deviate from Coumot play. 
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Table 4  ̂
Teste for Average Coarnot Play - Individual Level 

P«pgriHignt On* 
Snbpeet Predicted Actual t-rtat 

1 109 119 0.4 
2 97 113 0.4 
3 85 20 -16.0 
4 73 43 -1.4 
5 61 105 1.4 

gKperimgiit Two 

Snbfcct Predicted AStlUl t-rtat 
1 109 97 -OJ 
2 97 57 .1.4 
3 85 S8 0.1 
4 73 78 0.1 
5 61 125 1.0 

g«pcriiiicBt Three 

Sabfcct Predicted Actual t-itat 
1 109 71 .OJ 
2 97 93 ^).l 
3 85 257 1.3 
4 73 38 -0.9 
5 61 26 .|J! 

gKpcriment Four 
Sobfcct Predicted Actnal t.«tat 

1 109 148 O.T 
2 97 144 0.6 
3 85 53 -0.9 
4 73 20 -18.0 
5 61 79 0.6 

RTperiment Five 

Sabject Predicted Actnal t-^t 
1 109 g -64.8 
2 97 122 0.5 
3 85 116 1.2 
4 73 34 -2.8 
5 61 160 I.O 
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Tests for Average CoanioC Pfaiy - Individaal Level, contiaaed 

Experimgnr She 
snb^gct Pncdkictl Acnui lslu 

1 109 9? -0.3 
2 97 15 -9.1 
3 85 40 -2.5 
4 73 59 -0.8 
5 61 226 2.6 

EipcriawtScYCT 
Snbf»ct Predicted Aetna! t-rtat 

1 109 79 -2.1 
2 97 96 0.0 
3 85 97 0.6 
4 73 80 OJ 
5 61 58 -0.1 

EipcriaicDt Eiffhi 
.Snbiect Predicted AcUUl kSUl 

1 109 118 0.8 
2 97 39 -4.1 
3 85 72 -0.4 
4 73 72 -0.1 
5 61 138 2.0 

EMcrimcot IHiat 
.Subpeet Predicted AcXUll t- t̂at 

1 109 8 -53.0 
2 97 i" -02 
3 85 118 -0.8 
4 73 114 0.9 
5 61 80 0.7 

Erperiment Tea 
Predicted AfilBll t-5t«t 

1 109 13 -31.0 
2 97 47 -1.9 
3 85 132 0.8 
4 73 160 0.6 
5 61 93 0.9 
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A fundamental question deals with equilibrium and the tendem^ for the pisyers to 

converge to the single-stage static Coumot output. The Coumot best response dynamic 

can be motivated by the following thought exercise; if an individual subject chooses an 

output and observes the resulting market price, her knowledge of the profit functions 

might lead her to adjust her output to reach a higher isoprofit curve. Since isoprofit curves 

are generated by holding rivals' outputs constant, the Coumot best response (fynamic 

prescribes that an individual plays the best response to the sum of his rivals' immediately 

past outputs. The dynamic for a given subject is written as; 

With the RRSS demand and cost parameters, the dynamic for a given subject is 

written as; 

In vector notation (aggregating the cross sectional units), i, = h + , where h 

and H do not depend on output choices In fact, the matrix H has zeroes on the diagonal 

and a value of - 5 for each off-diagonal term. This form of the Coumot best response 

dynamic is therefore a nonhomogeneous system of linear first order difference equations. 

It is of interest to determine whether the system converges to the equilibrium for a given 

X. 
540-C-, 1 

5. (5) 
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set of initial con(£tions; also of interest is the stability of the ^stem. A standard result 

from the theory of difference equations holds that the system of equations is globally 

stable at a solution if the eigenvalues of H are each less than one in absolute value. The 

matrix H four eigenvalues of-1/2 and one equal to -2. The theoretical instability, as noted 

before, prescribes that maricet output will oscillate between high and low values. The 

oscillation clearly depends on initial output conditions. 
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V Data Analysis 

The virtue of the Coumot best response dynamic is that its parameters can be 

estimated by way of ^miliar econometric methods. In this way, one can directly test for 

the tendency of individual subjects to behave as though they follow the Coumot best 

re^nse dynamic. Before ai^ estimation routine is employed, however, it is necessary to 

account for errors that individual subjects make in selecting outputs in a given period (or 

across many periods). As mentioned before, individual errors (divergences between the 

theoretical model and observed behavior) can be due to risk aversion, confusion, cognitive 

ability, or any other subject-level factors that are not antidpated by the theory. Moreover, 

errors may be freely correlated across subjects and time periods. The simplest and most 

direa way to account for errors in adjustment is to assume that errors are additive in any 

given time period: 

X, =h-Hx, ,  (6) 

where £ is a 5x1 column vector of temporal errors The resulting system can then be 

estimated by way of the familiar seemingly unrelated regression estimator (SURE). SURE 

allows for estimation of regression coefficients in systems of equations, the errors of which 

may be freely correlated between equations and across time. The virtue of SURE is that it 

allows an error structure rich enough to account for many possible experimental 
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phenomena. In effect, the regressions can control for the &ct that each subject represents 

a dififerent case, yet each subject may affect the play of his rivals. A rich error structure 

ensures that estimation is not carried out as though subjects "play in a vacuum." 

The first set of regression results were obtained using SURE. For each subject, a 

constant term and an intercept term is estimated. If subjects play according to Coumot 

S40 c 
best replies, the constant term should not significant^ differ fi-om for each 

2 

subject, and the slope parameter should not be significantly different fi-om -.5 for each 

subject. Regression estimates are shown in Table 4.3; the estimator employed corrects for 

correlation across individual equations, but does not control for autocorrelated 

disturbances. To test for the significance of nonzero contemporaneous correlation, the 

Breusch and Pagan test for a diagonal error covariance matrix is employed. In each 

regression, the null of zero contemporaneous correlation is rejected. This is a remarkable 

result, as subjects could not communicate in these experiments and output histories were 

not observ ed 

The results in Table 4.2 and 4.3 indicate that subjects generally do not play as if 

they observe the Coumot best reply dynamic, although in many experiments the price did 

oscillate between very low and very high values. Few of the best response slope 

parameters were significant, and some were negative The constants are by and large 

significant, but are t\pically smaller than predicted by the dynamic. There appears to be a 

regular tendency- for players to ignore the strategy choices of their rivals and select a 



Table 43 
Parameter Estimates • Best Response Dynamic 

EiBCrimcBt OBC 
Sabject 

1 

2 
3 
4 

5 

139  ̂ (12.05) 
98.62 (20.95) 
10.93 (1.79) 
4S.61 (12.45) 
93.68 (15.56) 

But 
-0.0755 (0-043) 
-0.0523 
0.0231 

-0.0175 
0.0398 

(0.073) 
(0.005) 
(0.035) 
(0.052) 

Subfggt 
1 
2 
3 
4 
5 

125.07 
60.86 
27.83 
77.21 
125.7 

EipcrmwtHm 
Bgf RgpQIlK 

(20.13) -0.0821 (0.056) 
(11.74) -0.0096 

0.1698 
0.0026 

(I0J7) 
(14.88) 
(27.16) -0.0022 

(0.030) 
(0.028) 
(0.039) 
(0.083) 

Sabpect 
E»p«riiH—r Thre* 

fTanrtant BertRemonse 
130.25 (12-05) -0-1439 (0-065) 
91.17 (20.95) 0-0043 (0.031) 

269.71 (1.79) -0.0558 (0.115) 
80.43 (12.45) -0-0968 (0.024) 
17-89 (15.56) -0.0175 (0.024) 

Subject 
1 
2 
3 
4 
5 

Eiptrincal Fflgr 
noiwtaiit 

160.57 (21.74) 
177.42 (2733) 
79.74 (15J1) 
19.29 (1.14) 

Bert Re^noine 
-0.042 (0.071) 
-0.111 (0.089) 

-0.0705 (0.038) 
0.0024 (0.003) 

62.62 (11.96) -0.0045 (0.032) 

Sabjert 
1 

2 
3 
4 
5 

EipcriMCTt Five 

7.5 
104.78 
100.03 
61.26 

146.22 

(0-62) 
(17.06) 
(9.22) 

Bert Be»noB« 
0.0022 (0.001) 
0.0534 
0.0509 

(4.16) -0.0681 
(47.05) 0-0513 

(0.051) 
(0-027) 
(0-010) 
(0.165) 
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Parameter Estifluites • Best Response Dynamic, continued 

SBbfect Bwt ReapoiMg 
1 142.1 (18.69) -0.1349 (0.054) 
2 25.96 (4.74) -0.0275 (0.011) 
3 39.69 (9-43) 0 (0.024) 
4 5934 (8.77) -0.0023 (0.023) 
5 187.61 C2924) 0.1867 (0.138) 

SMbfegt 
I 

UBI 
Cfttwl 

5524 
UT 

(7.75) 
BEFLLBO 
0.0711 

gunsc 
(0.023) 

2 110.71 (31.25) -0.0483 (0.099) 
3 6SJ2 (12.78) 0.0941 (0.041) 
4 150 J1 (8.48) -0.2165 (0.025) 
5 48.96 (1538) 0.0275 (0.044) 

Snhpect 
£XBC XIBCBLEIT 

UT 
BT 

1 148.76 (7 JO) -0.0959 (0.023) 
2 25 J2 (9.71) 0.0339 (0.024) 
3 71.79 (18.13) 0.0014 (0.049) 
4 52.65 (16.28) 0.0529 (0.044) 
5 156.62 (7.81) -0.0625 (0.066) 

Spbpggt 
F»p*riaigwt Niii 

lit 
l£ 

BcstResDonse 
1 736 (0.94) 0.001 (0.002) 
2 190.46 (13.88) -0.3285 (0.042) 
3 11137 (17.21) 0.0242 (0.058) 
4 143.16 (24.94) -0.101 (0.084) 
5 76.71 (14^) 0.0098 (0.043) 

Snbfggt 
Tei I 

BcstResDOBse 
1 1137 (1.69) 0.0034 (0.004) 
2 107.92 (12.52) -0.156 (0.031) 
3 259.12 (15.91) -0.4173 (0.049) 
4 489.83 (31.67) -1.164 (0.105) 
5 207.82 (6.80) -0334 (0.019) 
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fairly consistent level of output throughout the experiment. Given the amount of strat^c 

"stickiness" in the data, it might be useful to add a heuristic notion of inertia to the 

theoretical prediction. This is readily done by adding lagged own output in the fbUowing 

way: 

For the Coumot best reply dynamic, one can substitute: 

540-c, 1^ 

Mow some flexibility is added to the model, as the dynamic converges to the 

Coumot equilibrium if the alpha parameter is sufficiently large for each subject. Intuitively, 

this specification of the dynamic seeks to decompose the difference between output 

decisions based on one's own output and the aggregated rivals' outputs. The same 

estimation technique is applied to this set of equations; results appear in Table 4.4. 

.As expected, own lagged output is significant for many subjects, although the sign 

is actually negative in some cases. One would expect that the inclusion of lagged own 
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Table 4.4 
Parameter Estimates - Best Response Dynamic with Lagged Own Output 

FTp#riment One 

Subject CoBstint Las Bxt Re«nonsg 

1 110.92 (3.42) 0.022 (0.06) 0.048 (0.057) 

2 102-9 (5.06) 0305 (0.08) •0-189 (0.081) 

3 20.9 (0.63) 0.048 (0-01) -0.031 (0.008) 

4 40.67 (3.63) -0.005 (0.05) 0.033 (0.043) 

5 101.81 (5.09) 0.099 (0.09) •0.061 (0.086) 

ExDcrimeiitTKD 
Sobiect Constant Las Best ResDonse 

1 89.81 (6.88) -0.09! (0.07) 0-186 (0.075) 

2 5626 (4.40) 0.0047 (0.05) 0.013 (0-045) 

3 78.5 (2.60) 037 (0.04) •0288 (0.040) 

4 74.72 (6.01) 0.0836 (0.07) -0.041 (0.06S) 

5 112.68 (8.74) 0 102 (0.09) 0.014 (O.IOl) 

ExperimentThrEe 
Subiect CoBitaat Las Bgf Raiwiuc 

1 67.85 (15.13) 0.015 (0.10) 0.077 (0.109) 

2 84.82 (8.28) 0.128 (0.04) -0.081 (0.032) 

3 167.54 (18.04) 0.574 (0.08) -0391 (0.119) 

4 38.83 r.34) -0 173 (0.05) 0.1929 (0.037) 

5 25.31 (3.11) 0052 (0.04) -0.028 (0.036) 

Experiment Four 
Subiect Constant 1 ay BestResooose 

1 126.15 (8.62) 0272 (0.08) -0.129 (0.083) 

2 151.5 (11.89) -0258 (O.IO) 0271 (0.113) 

3 50.06 (5.02) -O. l l l  (0.07) 0.149 (0.064) 

4 20.51 (0.31) 0.01 (0.01) -0.01 (0.006) 

5 7321 (3.65) 0.147 (0.06) -0.079 (0.054) 

Experiment fixe 
Subiect Constant BestResnonse 

1 8.58 fo:9) 0 006 (0.00) -0.003 (0.003) 

105.56 (7.99) 0.255 (0.07) -0.123 (0.070) 

3 107.92 (408) 0.159 (0.05) -0.097 (0.046) 

4 32.47 (2 .11)  -0.126 (0.02) 0.128 (0.020) 

5 55.37 (3.03) -0.097 (0.08) 0.139 (0.078) 



Paranetcr Estimates - Best Rcspoasc Dynamic with Lacfed Own Ovtpat, coatianed 

Sobicsi fiMntaat Ltf Best RcsDOBse 

1 8921 (7.16) -0.079 (0.08) 0.186 (0.070) 

2 122 (1-59) -0.06 (0.03) 0.064 (0.022) 

3 38.45 (2.44) -0.0007 (0.05) 0.029 (0.046) 

4 5727 (3.01) 0.052 (0.04) -0.021 (0.036) 

5 173.87 (10.89) 0J27 (0.09) -0.137 (0.103) 

Ex^rimeatScKCa 
Snhigct Coostaat Ug BertRt«paMe 

1 81.18 (1.99) 0235 (0.04) -0.02 (0.042) 

2 92.43 (3-98) 0.757 (0.06) -0.065 (0.066) 

3 90.55 (2.61) 0283 (0.06) •0.198 (0.055) 

4 8126 (634) -0.325 (0.07) OJOl (0.067) 

5 7321 (3.65) 0.146 (0.06) -0.079 (0.054) 

Finfirfrr** 
Subject fanrta at Las Best Response 

1 121.6 (2J4) -0.156 (0.06) 0.141 (0.060) 

* 38.89 (226) 0.067 (0.04) -0.042 (0.039) 

3 69.94 (328) 0253 (0.04) -02 (0.040) 

4 67.83 (2.41) 0.102 (0.07) -0.037 (0.073) 

5 130.06 (7.82) 0.129 (0.08) -0.097 (0.084) 

F»p>rim>nt Nine 

Snbiect Constant Las BctRgpQMC 

1 8.13 (0.48) 0.009 (0.00) -0.0064 (0.003) 

A 71.72 (1026) -0.248 (0.04) 0.407 (0.038) 

3 105.18 (4.50) 0.401 (0.06) -0297 (0.063) 

4 99.76 (6.50) 0.491 (0.08) -OJ88 (0.898) 

5 75.08 (3.47) -0.069 (0.07) 0.139 (0.073) 

Experiment Ten 
Sabiect Cnnrtaat Las Best Retponse 

1 12-7 (0.59) 0.0073 (0.01) -0.0027 (0.005) 

43.62 (5J1) -0.089 (0.06) 0.115 (0.054) 

3 118.37 (15.45) -0.1176 (0.08) 0.309 (0.074) 

4 80.54 (6.04) 1.29 (0.05) -1.1 (0.072) 

5 10027 (10.11) -0.379 (0.05) 0.37 (0.048) 
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output would dilute the intercept term somewhat, as it had originally explained all of the 

stickiness in the data. However, the intercept term actually gets larger in some cases 

When the intercept term was increased, it still generally did not approach the levels 

predicted by the dynantiic Notice that adding own lagged output actually made the 

standard errors on the intercept estimates decrease, while generally increasing the standard 

errors on the best response parameter. Unfortunately, extending the theory to include 

some notion of inertia leads us fanher from making positive assertions about subjects' 

abilit>' to respond optimally It is worth noting that subjects need not observe the output 

choices of each individual rival in order to compute best responses. All that is necessary is 

an understanding of how one's own output affects the price, given what the others have 

produced in aggregate 

The results of the two sets of indiv idual best response regressions imply that the 

theorv performs poorly The huge array of meanings one might infer from the individual 

level, i e. signals to collude or remsais to cooperate, leaves one hoping for a higher level 

at u hich to detect collusive behav ior in an adaptive env ironment The next section derives 

and presents a set of regressions based on data at the market level, these regressions leave 

behmd the notion of adjustment to equilibrium and take up the possibility of collusive 

behav ior 
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VI Repeated Game Effects and Collusion 

When the same group of subjects play the same game repeatedly, it is easy to 

imagine deviations from Coumot play which can resemble collusive behavior. Outcomes 

like this may obtain as subjects begin to understand how their individual actions afifect 

price, and how the composite actions of rivals can be learned from and perhaps ecploited. 

With no side payments, the strictly collusive outcome in which the lowest-cost subject 

produces his monopoly output and splits the proceeds is not attainable. Instead, collusion 

in the RRSS model could take the form of the so-called phases-of-the-moon scheme, in 

which subjects alternate between low levels of output to avoid consistently depressing the 

market price Tacit agreements could be policed in some of the experiments, since subjects 

were given output histories Subjects could also signal their wllingness to collude by 

selecting low levels of output. 

A problem with deteaing collusive strategies is that there are many from which to 

choose Folk theorems which appK to this environment specit> large sets of feasible 

playofFs. and 'without communication it is possible :hat otTers to collude are never 

observed or correctly interpreted Nevertheless, as the next derivation shows, it is possible 

to use the market data to test heuristics for collusion Such a test can yield insight into the 

abilitv" of non-communicating subjects to manipulate the environment to their advantage. 

.•\ssuming that there is no slackness in the first order necessary conditions for 

profit maximization, we know that 
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dx.. 
= dX,  

cx. 
-c, =0. (9) 

and 

dX. X 
L = l^_^li!LJL = 1^0, 

^,r 
(10) 

Each subject, then, has the margin 

p.  -  c  r ' cX.  m ^ = —  -  =  — ( I I )  
P: P: ' 

vvhich can be reuriiien as m .  =  ̂ (1-0 ).  where s . and r j .  measure contemporaneous 
n 

individual marker shares and elasticity of demand, respectively If behavior is completely 

collusive, a change in the output of some subject wll bring about changes by his rivals so 

as to keep market shares constant This implies that 

X - x . j y  X .  = . t . V  ~ •  ( 1 - )  

or 
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X I - J  0. = ^ (13) 

Now let the extent of collusion be measured by ^ € [0,lj. Then 0, can be written 

' l - s  )  f l - s  
as t f / \  ! i-  j - ( i-( /)0 = t f / \  

V y 
This quantity, defined for each subject, is substituted 

back into /»,, to yield 

m (14) 
7: 

The industrv- average margin is: 

5: V. - y. -s:) 
s .m. ,=Y —.  ( i5)  

""• H: H: 

where ^5.  =1 and  ̂  is the temporal  Herfindahl index, H,.  Rewrit ing,  

A/.  =^;  —i+d-,/) ,  _±' .  (16) 
v '7ry 
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This equation relates the industry structure and margins in a general way When 

behavior is totally noncooperative. </ = 0 and the Coumot model applies In the opposite 

extreme, full collusion obtains. Estimating this relationship entails adding an error term to 

account for slackness in the first order conditions. The time series nature of the 

relationship also demands correction for autocorrelation. For periods in which the 

elasticity- was zero, the observation was dropped. The parameter if/ was not constrained 

to lie between zero and one, but three regressions were carried out for each ocperiment. 

The first regression involved the restriction that (/ was zero, i.e., behavior was completely 

non-collusive The second regression tested the restriction that behavior was entirely 

collusive, and the third regression tested the restriction that «</ = 5. or behavior was 

midway between collusive and fully noncooperative 

Results tor each experiment are shovvn in Table 4 5. which contains test statistics 

for the relevant restriction applied to 'y Log-likelihood values are also reported for each 

.model and each experiment The estimates of i/ indicate that very little of the group play 

can be explained by collusive or noncooperative behavior In only one experiment do we 

fail to reject the null hypothesis that play is midway between collusive and non-

cooperative The log-likelihood values do imply that the restrictions can be rank ordered 

in terms of their relev ance, the purely collusive outcome is empirically less likely than the 

non-cooperative one Table 4 5 indicates that the midway case is more likely than 



I 
2 
3 
4 
5 
6 

7 
H 
9 
10 

iMble 4.5 

Market Level CuHusiun va. Competitive Play 

TMt SlMtixlic for Null HvpothMti and l^>g i.ikellhood Value 

LF L V  >y.5 LP 
45911 
78009 
58723 
39321 

11943 

24886 
13749 
32261 
89818 
24769 

-71.17 
•273.59 

•153.86 

-119 47 
•15 49 
-99.69 
•69.44 

-107.14 
•69 (»2 

•240.65 

4077.9 
54346 

9645.2 

2199.5 

894.56 
2198.8 
2263.3 
26971 

7094.2 
39605 

17.83 
•188.37 
•102.51 

•20.95 
4549 

-10.98 
-2,76 

-15.41 
23.30 

-176.50 

0.0044 
44.396 
53.888 
46.369 

8.46 
9.5354 
67.136 
37.264 
13.225 
727.47 

168.34 
11.52 
25.70 
82.68 

129.38 
112.55 
103.01 
188.85 
185.92 
40.91 
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either of the extremes, although it is clear that the data do not support any definite 

conclusions at the market level 

The tendencv for subjects to stray from profit-maximizing decisions will lead to 

estimates which are difficult to interpret. Negative ^ estimates indicate that the share-

weighted average margin actually falls in response to increases in the market elasticity and 

(in some cases) the Herfindahl index. This implies that in many of the experiments, 

divergence from profit-maximizing play can seriously obscure analysis of that data which 

depends crucially upon first order necessary conditions. A weakness of the market-level 

analysis is that it relies upon profit-ma.ximizing behavior, which was previously shown to 

be a rare phenomenon in experimental oligopoly games 
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VII Conclusion 

The regressions reported in this chapter imply that the Coumot model performs 

poorly as a model of adaptive behavior in experimental oligopoly games Much of the data 

lends credence to the idea that many subject simply choose a ponion of the strategy space 

and made changes over time which were adaptively vacuous. Given the relative simplicity 

of the environment and the apparent inability of subjects to adapt, one must wonder if the 

simple Coumot model is applicable to real-world strategic interaction 

Among the possible reasons for the observed nonequilibrium behavior are 

incomplete information about rivals' costs, repeated game effects, uncontrolled risk 

attitudes, and confusion about the environment. The RRSS experiments involved multiple 

plays of a game in which subjects did not know rivals' costs and not know how many 

iterations of the game would be played Strictly speaking, both of these factors render the 

Coumot-Nash concept inapplicable, ahhough the static equilibrium may nevertheless be 

observed in the data RRSS justity their design as one in which learning effects may be 

separated from attempts at cooperation and noisy reputation-building, if their design 

succeeds in this task, then for their data the Coumot best response dynamic can be 

discarded 

Heterogeneit>- between subjects may exist before a single period is am. this is 

because players come to the game with different skills, risk attitudes, and experiences To 

the extent that uncontrollable heterogeneity exist that affect strategy choices, it seems 

desirable to minimize theoretical heterogeneity in the laboratory In an oligopoly 

experiment, marginal costs could be equal (or zero) across all subjects, and this could be 
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common knowledge. Average behavior across experiments would then be more 

meaningful Since learning models are difficult to formulate and estimate, minimum 

heterogeneitv' could be a reasonable precept for experiments meant to shed light on 

models of adaptive play. 
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