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Horizontal Mergers: An Equilibrium Analysis

By JosePH FARRELL AND CARL SHAPIRO*

We analyze horizontal mergers in Cournot oligopoly. We find general conditions
under which such mergers raise price, and show that any merger not creating
synergies raises price. We develop a procedure for analyzing the effect of a merger
on rivals and consumers and thus provide sufficient conditions for profitable
mergers to raise welfare. We show that traditional merger analysis can be
misleading in its use of the Herfindahl Index. Our analysis stresses the output
responses of large firms not participating in the merger. (JEL 022,612)

Mergers between large firms in the same
industry have long been a public policy con-
cern. In the United States, Section 7 of the
Clayton Act (as amended by the Celler-
Kefauver Act) prohibits mergers that “sub-
stantially decrease... competition or tend...
to create a monopoly.” Under the Hart-
Scott-Rodino Act, large firms must report
any proposed substantial merger to the De-
partment of Justice and the Federal Trade
Commission, which evaluate the merger’s
likely effect on competition and can choose
to permit or to oppose it.

In evaluating proposed mergers, federal
antitrust officials generally apply rules sum-
marized in the Department of Justice’s
Merger Guidelines (1984).! An important
part of merger analysis under these guide-
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For a discussion of these guidelines, see the sympo-
sium in the Journal of Economic Perspectives, Fall 1987.
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lines involves estimating the effect of a pro-
posed merger on market concentration. In
particular, the analyst is instructed to pay
careful attention to the initial Jevel of con-
centration in the industry and the predicted
change in concentration due to the merger.
Roughly speaking, the guidelines permit
mergers that will not increase concentration
by very much or that will leave it low even
after the merger. This reflects a view that
anticompetitive harm is an increasing func-
tion of concentration, which is measured us-
ing the Herfindahl-Hirschman index, H, de-
fined as the sum of the squares of the firms’
market shares.

The Merger Guidelines, while surely more
sophisticated than what they replaced, are
not based on explicit analysis of how a
merger will affect equilibrium output and
welfare. This theoretical shortcoming leads
to two basic problems with the guidelines’
use of concentration measures.

The first such problem is the curious rule
that the guidelines use to estimate the effect
of a merger on H. This rule takes the initial
market shares of the merging firms, s, and
s,, and assumes that the new entity’s market
share will be s, + s5,, so that the merger will
increase H by (s,+5,)% — (s + 53) = 25,5,.
But if indeed all firms maintain their pre-
merger outputs, then the merger will affect
neither consumers nor nonparticipant firms,
so it will be socially desirable if and only if it
is privately profitable. If, as is more likely,
outputs change in response to the merger,
then the 25,5, formula is wrong. Equilibrium
analysis, such as we provide below, is neces-
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sary to compute the change in H in a logi-
cally consistent manner.

The second problem is deeper and more
serious. Implicitly, the guidelines assume a
reliable (inverse) relationship between mar-
ket concentration and market performance.
In particular, the entire approach presumes
that a structural change, such as a merger,
that increases the equilibrium value of H
also systematically reduces equilibrium wel-
fare, W, defined as the sum of consumer and
producer surplus or equivalently the differ-
ence between gross consumer benefits and
production costs.

Is there in fact such a reliable relationship
between changes in market concentration
and changes in economic welfare? In some
very special circumstances, there is. For ex-
ample, if n equally efficient firms with con-
stant unit cost compete as Cournot oligop-
olists, then W is increasing in n and H =
1/n, so there is a rigid (inverse) relationship
between H and W as n varies.? But if the
competing firms are not equally efficient, or
if there are economies of scale, there is no
reason to expect that concentration and wel-
fare will move in opposite directions in re-
sponse to a merger.>

The dangers of identifying changes in H
with changes in W are suggested by the fact
that, starting at a Cournot equilibrium, wel-
fare rises with a small change in firms’ out-
puts if and only if

___+___
1) TRENTRAY

where X is aggregate output. (See the Ap-
pendix for a derivation of this condition.) Of
course, increases in output (dX > 0) tend to
raise welfare, since price exceeds marginal
cost in equilibrium. But if a firm with a large
market share increases its output, then H,

’In this model, aggregate output, X, is also a suffi-
cient statistic for welfare, as it is more generally if total
production costs depend only on aggregate output, and
not on the distribution of output across firms.

For further discussion of the relationship between
changes in H and changes in W, see Farrell and Shapiro
(1990).
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X, and W will all rise. And condition (1)
shows that for any given (percentage) change
in X, welfare is more likely to rise if H
increases; it is even possible to have dX < 0,
dH > 0, and yet dW > 0.*

How can increases in the concentration be
associated with increases in welfare? In
Cournot equilibrium, larger firms have lower
marginal costs, so welfare is enhanced if a
fixed total output X is shifted toward them
and away from smaller, less efficient firms.
But such shifts will increase concentration.

This observation is not a theoretical cu-
riosity. Critics of U.S. antitrust policy have
long argued that large firms may be large
because they are efficient. If so, then eco-
nomic welfare may be enhanced if these
efficient firms acquire more of the industry’s
productive capital and thus increase their
market share.> One means to do this is by
buying the assets of smaller, less efficient
rivals. Any useful theory of oligopoly and
horizontal mergers should account for the
role that mergers may play in this process.

Given the complex relationship between
concentration, output, and welfare, a careful
analysis of the welfare effects of mergers is
badly needed. The few existing theoretical
analyses of the effects of horizontal mergers
have used very special models, and their
insights of course reemerge below.® But our
goal is more ambitious: we use Cournot
oligopoly theory, with quite general cost and
demand functions, to study the output and
welfare effects of mergers. At a theoretical
level, we develop some techniques for ana-
lyzing welfare changes in Cournot markets;

*For example, consider a Cournot duopoly in which
firm 1 has low marginal cost and hence a large market
share, and firm 2 has high marginal cost and is small.
Closing down firm 2 will scarcely reduce welfare (since
its marginal cost is close to the price). And if firm 1
expands at the same time, the net welfare effect will be
favorable, since firm 1’s marginal cost is distinctly less
than the price. Such an output shift would lower X,
raise H and yet raise W.

For an influential statement of this view, see for
instance Harold Demsetz (1973, 1974).

Steven Salant, Sheldon Switzer, and Robert
Reynolds (1983), Raymond Deneckere and Carl David-
son (1985), and Martin Perry and Robert Porter (1985)
are the most prominent papers.
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these techniques apply not only to mergers
but more generally. At a policy level, we find
surprisingly general sufficient conditions for
when a merger should be approved or pro-
hibited.

Our policy analysis is in two parts. First,
we study a merger’s effect on price. This
inquiry will be most telling for those an-
titrust practitioners who see consumer wel-
fare as the sole objective of antitrust policy.
We provide a necessary and sufficient condi-
tion for a merger to raise price (Proposition
1) and show in general that mergers in
Cournot oligopoly raise price if they gener-
ate no synergies between the merging firms
(Propositions 2 and 3). We also show that
firms with large market shares must achieve
impressive synergies or scale economies if
their merger is to reduce price.

Second, we study a merger’s effect on wel-
fare, W. Here we emphasize the external
effects on consumers and on nonparticipant
firms. In this, our work is squarely in the
tradition of mainstream economic analysis,
whose presumption has always been that a
debate about intervention should focus on
externalities.” Write Az’ for the change in
joint profits of the merging firms (the “in-
siders”), and AW for the change in total
welfare associated with a merger. We ana-
lyze the next external effect of the merger on
rival firms (“outsiders”) and on consumers,
AW — An" = An° + ACS. Since any pro-
posed merger is presumably privately prof-
itable, it will also raise welfare if it has a
positive external effect—a condition that is,
perhaps surprisingly, quite often satisfied.
We thus find sufficient conditions for prof-
itable mergers to raise welfare (Proposi-
tion 5).

Our emphasis on the external effect also
has a great practical advantage. To assess
the externality turns out to require much less
information than to assess the overall wel-
fare effect, since the effect on insiders’ profits

Of course, mergers typically do not generate exter-
nalities in the usual sense of the term. With imperfectly
competitive markets, however, a change in the behavior
of merging firms does affect the welfare of consumers
and other firms. Throughout the paper we take “exter-
nality” to mean AW — An’.
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depends on internal cost savings. Such cost
savings are often hard to observe, and as a
result are given little weight in the Merger
Guidelines and in many practitioners’ think-
ing, even though, as Oliver Williamson (1968)
stressed, they may well be very important in
a merger’s overall welfare effect. Thus,
Lawrence White (1987, p. 18) wrote:

Efficiencies are easy to promise, yet
may be difficult to deliver. All merger
proposals will promise theoretical sav-
ings in overhead expense, inventory
costs, and so on; they will tout “syn-
ergies.”

Franklin Fisher (1987, p. 36) concurred:

The burden of proof as to cost
savings or other offsetting efficiencies,
however, should rest squarely on the
proponents of a merger, and here I
would require a very high standard [of
proof]. Such claims are easily made
and, I think, often too easily believed.

This emphasis on the externality is our
first innovation in merger policy analysis,
and it also leads us into our second. Al-
though the externality is easier to work with
than the total welfare effect, directly signing
the externality is mathematically difficult
even in the simplest cases, and completely
intractable in general. To overcome this, we
introduce differential techniques. The exter-
nal effect of a merger involving a change
A X, in the merging firms’ joint output can
be calculated as the integrated external effect
of small changes dX,. We call such a small
change an “infinitesimal merger.” It turns
out to be easy to sign the external effect of
an infinitesimal merger (Proposition 4), and
in fairly general circumstances we can sign
the external effect of a merger (Proposi-
tion 5).

Our paper is organized as follows. In Sec-
tion I, we recall some results from standard
Cournot oligopoly theory. In Section II, we
analyze the output and price effects of a
merger among Cournot oligopolists, and find
broad sufficient conditions for a merger to
raise the equilibrium price. In Section III, we
calculate the external effect of an infinitesi-
mal merger, and show that it depends only
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on the merging firms’ joint market share and
on the output responsiveness and market
shares of nonparticipant firms. We then give
conditions under which privately profitable
mergers raise total welfare. Finally, in Sec-
tion IV, we use our methods to provide
welfare analyses of two other oligopoly prob-
lems: commitment in Cournot competition,
and the optimal level of an import quota. A
conclusion follows.

1. Cournot Oligopoly

We use the traditional model of Cournot
oligopoly with homogeneous goods. Demand
is given by p(X), where p is price, X is
industry output, and p’(X) <0; we write &
for the absolute value of the elasticity of
demand, &(X) = — p(X)/Xp'(X). The
number of firms, n, is exogenous (although
of course it changes with a merger), reflect-
ing some important barriers to entry.® We
denote firm i’s cost function by ¢(x;), where
x; is firm i’s output. For notational ease, we
write ¢’ =¢'(x,) for firm i’s total cost and
¢t = c!(x,) for firm i’s marginal cost. Impor-
tantly, we permit the firms to differ in effi-
ciency.

In the Cournot equilibrium, each firm i
picks its output x; to maximize its profits,
given its rivals’ outputs. Writing y, =X, ,x;
= X — x,; for aggregate output of all firms
other than firm i, firm i’s profits are
7'(x;, ;) = p(x; + y)x; — ¢'(x;). Firm i’s
first-order condition, d='/dx; =0, is

(2) p(X)+x,p'(X)=ci(x;) =0,
i=1,...,n.

A Cournot equilibrium is a vector (x;,..., x,,)
such that equation (2) holds for all n firms.
We denote firm i’s market share by s, =
x;/X.

80ur analysis can easily accommodate entry by, or
the existence of, price-taking fringe firms, if we reinter-
pret the demand curve p(X) as the residual demand
curve facing the oligopolists that we model. What we
are ruling out is entry by additional large firms that
behave oligopolistically.
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Comparing two firms i and j, the Cournot
equilibrium conditions, (2), tell us that x, >
x; if and only if ¢, <c/. In equilibrium,
larger firms have lower marginal costs. In
any Cournot equilibrium in which different
firms produce different quantities, marginal
costs differ across firms, so that costs are not
minimized given the aggregate output level,
and consequently aggregate output, X, is not
in general a sufficient statistic for welfare.

Throughout the paper, we make two weak
assumptions on the Cournot equilibrium; we
require both to hold throughout a relevant
range, as will become clear below. First, we
assume that each firm’s reaction curve slopes
downward. Equivalently, an increase in ri-
vals’ output, y,, lowers firm i’s marginal
revenue:

3) p(X)+x,p"(X)<0, i=1,...,n.
Inequality (3) is a very weak assumption and
is standard in Cournot analysis; see Avinash
Dixit (1986) and Shapiro (1989). It holds if
the industry demand curve satisfies p’( X)+
Xp"(X)<0.°

Second, we assume that each firm’s resid-
ual demand curve, p(-+ y;), intersects its
marginal cost curve from above. This is
equivalent to

(4) - cul(x) > p(X),

Condition (4) is surely met if marginal cost
is nondecreasing, i.e., if ¢, > 0. It is among
the weaker known stability conditions for
Cournot equilibrium (Dixit, 1986).

We now note some comparative-statics
properties of Cournot equilibria that will be
important below. Consider the effect of a
change in rivals’ aggregate output, y,, on
firm i’s output. From equation (2), the slope
of firm i’s reaction schedule is given by

i=1,...,n.

i _ e p+xp”
d, ' 2pxp-cl

°1f p” <0, then (3) surely holds. If p”>0, then
pl+ Xpll> pl+ x,pll.
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From condition (3) and firm i’s second-order
condition, R,;<0; with (4) we also have
—1< R, <0. That is, if its rivals jointly ex-
pand production, firm i contracts, but by
less than its rivals’ expansion. From dx; =
R,dy; we have dx,(1+ R;)=R,(dx;+dy,)
= R,;dX, or

(5) dx,=—\;dX,

where
_ R; =_P,(X)+xil’”(X)
" 1+R, i (x)—p(X)

Below, it will prove easier to work with A,
instead of R;. Under conditions (3) and (4),
A;> 0. The A,’s are important below, so we
pause here to show how they can be ex-
pressed in terms of more familiar elasticities.
Write E = — Xp"”(X)/p'(X) for the elastic-
ity of the slope of the inverse demand curve,
and p, = x;c., /ct for the elasticity of firm
i’s marginal cost, ¢!, with respect to its
output, x,.1° Then

— g2
s;—S’E

6 A=——o—r.
(©) Cositp(e-s,)
With constant elasticity of demand ¢, E =
14+1/¢e so A, can be expressed solely in
terms of s;, u;, and e With linear demand
and constant marginal costs, E=0=p,, so
A =1

Finally, we prove in the Appendix and
record here a fact!! about the response of all
other firms to an output change by one firm:

LEMMA: Consider an exogenous change in
firm Vs output, and let the other firms’ out-
puts adjust to re-establish a Cournot equilib-
rium among themselves. If firms’ reaction
curves slope downward (condition (3)), and if
the stability condition (4) holds, then aggre-

1%Note that p, is the inverse of the elasticity of firm
i’s competitive supply curve.

UDixit (1986) notes this property of Cournot equilib-
rium.

FARRELL AND SHAPIRO: HORIZONTAL MERGERS 111

gate output moves in the same direction as
firm s output, but by less.

Note that for the Lemma to hold it is not
necessary that firm 1 behave as a Cournot
oligopolist.

II. Price Effects of Horizontal Mergers

We model a merger as a complete combi-
nation of the assets and of the control of the
merging firms, whom we call the “insiders.”
After the merger, a new Cournot equilibrium
is established between the merged entity M
and the nonparticipant firms, whom we call
the “outsiders.” In this section, we examine
the effect of a merger on aggregate output,
X. This is, of course, the central question if
merger analysis is concerned only with con-
sumer welfare (ignoring consumers’ owner-
ship of profits). As we shall see in Section
III, it is also an essential component of an
analysis of overall economic welfare, W.

Mergers differ enormously in the extent to
which productive assets can usefully be re-
combined, and in the extent to which output
decisions can usefully, or anticompetitively,
be coordinated. At one extreme, consider a
production technology in which all firms have
constant and equal marginal costs, and the
merged entity has the same costs. In this
special case, mergers are purely anticompeti-
tive: there is no other motive. For a slightly
rosier view, recall that by equation (2), firms’
marginal costs typically differ in Cournot
equilibrium, so that a merger may offer an
opportunity to rationalize production —that
is, without changing total output, to shift
output to the facility with lower marginal
cost. A still sunnier view is that mergers may
create synergies. For example, two firms that
own complementary patents may combine
and produce much more efficiently than ei-
ther could alone (without a licensing agree-
ment).

For a theory of horizontal mergers to be
useful for policy purposes, it should be gen-
eral enough to allow for all these possibili-
ties, which can be captured in assumptions
about the relationship between the merged
entity’s cost function, c¢™(-), and those of
the insiders. Our theory is very general in
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this regard, as we make no a priori assump-
tions on ¢™(-) beyond those implied by con-
ditions (3) and (4). Our first proposition
gives a necessary and sufficient condition on
cM(-) for equilibrium output to fall with the
merger.

PROPOSITION 1: A merger of a group of
firms in Cournot oligopoly raises price if and
only if M’s markup would be less than the
sum of the pre-merger markups at its con-
stituent firms, were M produce just as much
as its constituent firms together did before the
merger.

PROOF:
See the Appendix. O

In the typical situation where two firms (1
and 2) are merging, price will fall if and only
if p—cM>(p—cl)+(p—c?), where p is
the pre-merger price, c. and c¢? are mea-
sured at pre-merger output levels, X; and X,,
and ¢ is measured at output X,, = X; + X,.
Equivalently, price will fall if and only if

(7) = ck>pcl.

By condition (7), M must enjoy substan-
tially lower marginal costs than did its con-
stituent firms, if price is to fall. Furthermore,
the required reduction in marginal costs is
larger, the larger were the pre-merger mark-
ups of the merging firms; and those markups
were, by (2), proportional to pre-merger
market shares.

Using equation (2), we can express (7) in
terms of pre-merger variables that are rela-
tively easy to observe:

s1+s2)

c;”<p(1—
€

This version shows how much less than cur-
rent prices the merged firm’s marginal costs
must be, if price is to fall. We now present
some illustrative calculations to draw out
some of the implications of condition (7)
and Proposition 1.
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A. Mergers with No Synergies

In many mergers, the insiders (firms i € I)
cannot recombine assets to improve their
Jjoint production capabilities. After the merg-
er, the combined entity M can perhaps bet-
ter allocate outputs across facilities (“ra-
tionalization”), but M’s production possibil-
ities are no different from those of the insid-
ers (jointly) before the merger. In this case
we say that the merger “generates no syner-
gies.” Formally, with no synergies,

(8) cM(x)
=min{ ¥ ¢'(x/)| ¥ #/=x}.

iel iel

This holds, for instance, in the constant av-
erage cost model of Steven Salant, Sheldon
Switzer, and Robert Reynolds (1983) and in
the quadratic cost model of Martin Perry
and Robert Porter (1985).

PROPOSITION 2: If a merger generates no
Synergies, then it causes price to rise.

PROOF:
See the Appendix. |

When will our no-synergies condition, (8),
apply? For illustration, write firm i’s cost
function as ¢(x,) = 0,¢(x,, k,), where ¢(-, -)
is a short-run variable cost function, k; mea-
sures the amount of a possibly fungible capi-
tal good employed at firm 7, and 6, inversely
measures “knowledge” at firm i.

With this form of the cost function we can
distinguish three types of cost savings from a
merger. (1) Participants may rationalize out-
put across their facilities (recall that pre-
merger marginal costs are typically unequal);
this consists of changing the x,’s but not the
k;’s or the 6,’s. (2) They may shift capital
across their facilities, changing the distribu-
tion of the k,’s (but not the total capital
stock available). (3) They may learn from
each other, that is, share techniques, patents,
or management skills; learning will change
the 8,’s.

Proposition 2 tells us that efficiencies of
the first kind, while of course desirable, can-
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not suffice to make output rise instead of
fall.!? Efficiencies of the second kind apply
only in the “short run”—that is, when capi-
tal cannot be brought in from the outside.
These efficiencies are further limited by the
observation that equation (8) holds even with
mobile capital, if the firms produce accord-
ing to the same long-run cost function (i.e.,
they have the same level of knowledge) and
if this common technology exhibits constant
returns to scale. In that case, even if capital
can be moved, there is no point in doing so:
equivalent results can be achieved by reallo-
cating output across facilities. This proves

PROPOSITION 3: Suppose that a merger
involves no learning. Then, in the long run,
the merger will raise price. In the short run, it
will raise price (1) if capital is immobile across
facilities, or (2) if all merging firms are equally
efficient and their long-run production function
exhibits constant returns to scale.

Thus, a merger can raise output and make
consumers better off only if it permits the
merging firms to exploit economies of scale
or if the participants learn from it. In the
next two subsections, we illustrate how large
these effects must be for a merger to lower
price.

B. Mergers with Economies of Scale

Consider the possibility that some form of
“capital” may be best recombined after
merger. In particular, suppose that it
pays—and is possible—to bring together all
the new entity’s capital rather than leaving it
divided among its plants (formerly, firms) in
its pre-merger configuration. This will al-
ways be desirable if there are economies of
scale; whether capital is mobile is of course a
technical question. How much economies of
scale are needed for a merger to increase
output and reduce price?

Consider for illustration a merger between
two ex ante identical firms each with a pre-

2After our paper was revised, we became aware of
the work of F. William McElroy (1988), who proves a
result similar to our Proposition 2.
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merger market share of s. There is a com-
mon variable cost function c(x, k), and each
firm owns an amount k of capital prior to
the merger. The merger permits the firms to
combine their capital as well as reallocate
outputs; and with economies of scale, M
will do so. The one combined facility will
then produce with the variable cost function
c(-,2k).

We show in the Appendix that the merger
will lower price if and only if

]cx(x,k).

s

(9) c.(2x,2k) < {1—

E—S

To illustrate (again, see the Appendix for
details), let c¢(x, k) be dual to the production
function f(L, k) =k?L* If s=02and e=1,
then (9) requires a >1/log, 3: twice the in-
puts must produce at least 2%/1°823 =24
times the output.

C. Mergers with Learning

A merger may enhance efficiency at some
or all of the merging facilities: one facility
may learn from its partner’s patents, man-
agement expertise, etc. How much such
learning is needed for a merger to increase
output and reduce price?

Suppose that firms 1 and 2 merge. Sup-
pose for simplicity that capital cannot be
reallocated across firms,'* so we can write
firm i’s cost function as 6,¢(x;); suppose
further that marginal costs are nondecreas-
ing. In the Appendix we show that, for price
to fall, the merger must either reduce 8, by
at least a factor s,/(e—s;) or reduce 6,
by at least a factor s;/(¢—s,). In the sym-
metric case with s, =5, =0.2 and e=1, this
means that at least one plant must achieve a
reduction in § of at least 25 percent as a
result of merger if price is to fall.

D. Policy Implications
Propositions 1 to 3, and our illustrative

calculations in subsections B and C, support

Equivalently, consider the long run, in which case
capital does not appear in the cost function at all.
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the presumption that an oligopolistic merger
will reduce aggregate industry output, and
point to the nature and degree of synergies
or scale economies that are required to over-
turn this presumption. If the merger changes
the behavioral mode in the industry—from
Cournot behavior to something more collu-
sive—then the presumption is even stronger
that price will rise.

We have identified the factors that deter-
mine a merger’s effect on price in Cournot
equilibrium. In particular, the larger are the
market shares of the participating firms, or
the smaller is the industry elasticity of de-
mand, the greater must be the learning ef-
fects or scale economies in order for price to
fall. It is perhaps encouraging that these are
exactly the factors that the Merger Guide-
lines instruct antitrust officials to consider.

Some antitrust scholars and practitioners,
including the National Association of Attor-
neys General, argue that the objective of
antitrust policy is to maximize consumers’
surplus.!* Under this view, mergers should
be blocked if and only if they are expected
to raise price. Propositions 1, 2, 3, and our
illustrative calculations point to the relevant
factors in making such an assessment.’*> We
find that rather impressive synergies—learn-

“For example, in Proctor & Gamble, the Supreme
Court stated that “...Possible economies cannot be
used as a defense to illegality. Congress was aware that
some mergers which lessen competition may also re-
sult in economies, but it struck the balance in favor
of protecting competition.” See the discussion in
Williamson (1968), for instance.

Note that under this view of antitrust policy, rival
firms should not have standing to sue to block a pro-
posed merger, since their interests are diametrically
opposed to consumers’. Indeed, when rival firms contest
a proposed merger, arguing (ostensibly with commend-
able unselfishness) that the proposed merger would re-
duce output and should be forbidden, we should per-
haps infer that they believe the opposite, and that the
merger would probably benefit consumers! Sometimes
rivals adopt a theory of “incipient predation,” arguing
that the merged entity will increase output, but only as
a form of predation against them. This too is uncon-
vincing since predation can be directly, and profitably,
fought under the treble-damages provisions of the an-
titrust laws.
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ing, or economies of scale—are typically
necessary for a merger to reduce price.

But few economists would accept that an-
titrust policy should aim to maximize con-
sumer surplus alone, with no weight given to
profits. Although direct stock ownership is
concentrated among the relatively rich, many
people are indirect shareholders, for instance
through pension funds, so it seems inappro-
priate to ignore profits entirely. In a conven-
tional economic view, the proper goal of
antitrust policy is to maximize overall mar-
ket efficiency or welfare, and in this case
further analysis is required.

III. Welfare Effects of Horizontal Mergers

We will now analyze the welfare effects of
horizontal mergers. Unfortunately, it is hard
to compare pre- and post-merger allocations
directly, even in the simplest special cases.
But we will show that a merger’s effect on
the welfare of nonparticipating firms and
consumers, although generally unavailable in
closed form, can be expressed as the integral
of a relatively simple integrand, namely the
external effect of what we will call an “in-
finitesimal merger.” We obtain some power-
ful results by examining that integrand.

A merger generally changes all firms’ out-
puts in equilibrium. But consumers care only
about the net effect on aggregate output,
A X, and (in Cournot equilibrium) rivals care
only about the change in equilibrium output
by the merging (“insider”) firms, AX;,, not
about what caused that change. Therefore, in
examining the external effects of a merger,
once we know the equilibrium change A X,
we need no information about what went
into that change: we can simply ask how
outsider firms respond and what is the effect
on their profits and on consumer surplus,
and in doing so we can treat A X, as exoge-
nous.

Moreover, the effect of AX, can be de-
composed into the integral of the effects of
infinitesimal changes dX; that make up A X,.
We call such a small change in insiders’
output, dX,, an “infinitesimal merger” if it
has the same sign as the change in X, conse-
quent on the merger among the insiders. For
mathematical convenience, we can think of a
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merger as the composite of many such in-
finitesimal mergers.'¢

A. External Welfare Effects of Mergers

Consider an infinitesimal merger, dX;. Be-
cause the marginal gross benefits of output
are measured by the market price p, we have

(10) dw=pdX,—dc'+ Y. [p—ci]dx,
i€e0

where ¢! is the insiders’ total cost and O is
the set of outsider firms. These outsiders’
output responses are given by (5), dx;=
— A,dX, and their markups are given by (2),
p—ci.=—x,p'(X). Adding and subtracting
X,dp, and making these substitutions, we
can rewrite (10) as

(11)  dw=(pdX,+ X,dp — dc")
- X,p'(X)dX

+ Y, p(X)A\x,dX.
ico

In (11), the first three terms constitute the
change in the insiders’ joint profits, dm’.
Clearly, dn’ involves the cost term dc’,
which is very hard for antitrust enforcement
officials to observe, and any attempt to put
numbers or signs to equation (11) is conse-
quently difficult. But this troublesome term
drops out when we examine the external
welfare effect. From (11),

dw —dn'=— X,p'(X)dX

+ X p(X)AxdX,
i€0

'An infinitesimal merger may correspond to an eco-
nomic event, such as the transfer of a small amount of
capital from one firm to another or the purchase by one
firm of a small ownership stake in another firm. In
Farrell and Shapiro (1990) we explore these changes in
the ownership of assets in oligopoly. But here we use
infinitesimal mergers strictly as a mathematical con-
struct.
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or

(12) dW—dvr’=( Y }\,.x,—X,)

ieo
xp'(X)dX.
Defining
(13) n= Y Ax,— X,
i€0

the net externality from an infinitesimal
merger that induces an overall output change
dX is np’(X) dX, which has the sign of 7 if
dX < 0. Converting 1 into market shares, we
have:

PROPOSITION 4: Consider any change in
behavior by a subset of firms, “insiders,” in an
oligopolistic industry. The net external effect
of this change on other firms, “outsiders,” who
are Cournot oligopolists, and on consumers
depends only on the equilibrium change in the
insiders’ output, X;. A small reduction in X;
has a net positive welfare effect on outsiders
and consumers if and only if ¥, c o\;s;> s;.

Proposition 4 underlines the importance
of nonparticipant firms’ responses to the
change in X,.!7 If they did not respond, that
is, if A;=0 for i€ O, then every output
reduction would be bad for rivals and con-
sumers jointly: rivals would benefit, but con-
sumers would lose by more. This often seems
to be implicitly assumed in merger policy.
But in fact, as Proposition 4 shows for small
arbitrary changes and Proposition 5 will
show for mergers, many output-reducing
changes benefit rivals more than they hurt
consumers.

We now use Proposition 4 to establish our
central result: a sufficient condition for a
privately profitable merger to be socially
beneficial. Evidently, this suggests a “safe

USalant, Switzer, and Reynolds (1983) emphasize
this effect in their very special model, although they do
not explicitly discuss the externality. We will return to
their case below.
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harbor” provision for merger policy: if
Cournot behavior is thought to be a good
description of industry behavior and if the
conditions of Proposition 5 hold, then any
proposed merger should be permitted.

If a merger, or other discrete change,
causes the insiders’ equilibrium output to
change from Xjnitial o x/fina! we have

(14) AW —an'= | X(

1mtial
Xj

dw  dx’
dx, dx,| "

where for each X,, the integrand is evaluated
assuming a Cournot equilibrium among out-
siders given X,. For expositional simplicity,
and as suggested by Propositions 1-3, we
focus on output-reducing mergers, for which
A X, <0. With X, falling, we rewrite (14) as

(15) AW — Ax'
X,lm(lal dW d‘ﬂ'l
S yma \dx, dx, T

Using (12) and (13), we can rewrite (15) as

(16) AW — An'
X,imlial

o dx
= ) 1= P (0] 70 X,
l 1

This shows that the net externality is a
weighted integral of 7 along a path from
X jnitial o X final Consequently, if we can sign
1 throughout such a path, then we can sign
the total external effect, AW — Az .

In Proposition 5, we give conditions suf-
ficient for n to increase as X, falls. When
those conditions hold, it follows that if >0
before a merger, and if the merger will in-
volve a reduction in insiders’ output, then
the total externality AW — Az’ is surely posi-
tive.1®

18Moreover, under the conditions of Proposition 5, if
n <0 dfter the merger, that is, at X; = Xfinal | then we
know that consumers and rival firms jointly are harmed
by the merger.
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PROPOSITION 5: Consider a proposed
merger among firms i € I, and suppose that
their initial (joint) market share s; does not
exceed X, .o\ ;s;. Suppose further that p”,
p"", and c', are all nonnegative and c', is
nonpositive in the relevant ranges and for all
nonparticipant firms i. Then, if the merger is
profitable and would raise the market price, it
would also raise welfare.

PROOF:
See the Appendix. O

We pause now to discuss the conditions of
Proposition 5. The requirement that p” >0
is met, for example, by all constant elasticity
demand curves and of course by linear de-
mand. The condition that marginal costs not
decrease, c,, >0, is also quite widely met.
For moderate sized mergers (those involving
modest changes in X,), these second-order
terms will dominate the calculations, so the
conclusion of Proposition 5 is likely to hold
even if p” may be negative or ¢’ may be
positive. For a large merger, we need condi-
tions on third derivatives in order to sign its
external effect. This is not surprising. For
example, if the outsiders face capacity con-
straints, so ¢, > 0, their ability to increase
output will be limited and the A,’s must fall
as the merger proceeds and their output rises.
Likewise, if p’" <0 then outsiders’ re-
sponses to decreases in X; may diminish as
X, does. Because these third-order effects
inevitably appear, and because a merger is
inherently a lumpy, non-marginal change,
we believe that Proposition 5 may be the
strongest “clean” result available for general
cost and demand functions.

B. Implications for Antitrust Policy

As we remarked in the Introduction, most
economists believe that interventions in the
economy should be based on analysis of
externalities. We might therefore hope that
our explicit analysis of the externalities from
a merger in Cournot oligopoly will help us
discuss proper policy toward mergers.

Privately unprofitable mergers will not be
proposed, so proposed mergers should be
permitted unless their external effects are
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“sufficiently” bad to outweigh their private
profitability. In particular, if a proposed
merger would have a beneficial external ef-
fect, then it should be allowed.!* We might
be able to identify such cases using equation
(15) or (16). In particular, if 7> 0 at pre-
merger equilibrium then there is some reason
to expect the net externality AW — Az’ to be
positive, unless we have reason to expect 1
to change sign over the course of the merger
(regarded as a gradual sequence of fictitious
infinitesimal mergers). More rigorously,
Proposition 5 gives sufficient—but far from
necessary—conditions for this inference to
be valid. Thus, when the conditions of
Proposition 5 hold, any privately profitable
merger should be permitted.

But a policy that allows only mergers with
positive net external effects will be too re-
strictive to maximize overall economic sur-
plus. Many profitable mergers that involve a
negative “wedge” (AW — Az’ < 0) will nev-
ertheless increase total surplus (AW > 0). Al-
though we have no formal results for this
case, we hope that our externality technique
may nevertheless be useful in informing
merger policy, as the following diagrammatic
framework may illustrate.’’ In Figure 1, a
merger is represented by a point whose hori-
zontal component is the net wedge, AW —
Az’ that it would generate, and whose verti-
cal component is the private profitability,
Ax’. 1deally, we would like to find a policy
that would permit exactly those mergers
“northeast” of the negatively sloped 45° line
through the origin— that is, those in regions
A, B, and C; those are the “socially benefi-
cial” mergers (those with AW > 0).

In Figure 1, we can see why a policy of
allowing only mergers with positive net
wedges is too restrictive. For if such a policy
were implemented, then only mergers in the
northeast quadrant (region B) of Figure 1

“Note that, since nonparticipant firms’ and con-
sumers’ interests concerning insiders’ output are strictly
opposed, a merger will never generate a Pareto improve-
ment; we are aggregating nonparticipants’ and con-
sumers’ surplus into a single measure.

We are especially indebted to Steven Salop for
suggesting this treatment.
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will take place (be proposed and approved).
It seems worth considering, therefore,
whether there is a policy that might allow
more of the desirable mergers without also
permitting others that are profitable but so-
cially undesirable. Evidently, no policy that
does not involve compulsion or subsidies to
merger—both of which would be enormous
changes from our antitrust policy—can hope
to get mergers in region A implemented. We
focus, therefore, on whether a policy might
be found that would permit us to distinguish
proposed mergers in regions B and C (prof-
itable and socially beneficial) from those in
region D (profitable but socially harmful).

Our analysis suggests the following two-
part procedure for evaluating a proposed
merger. First, using (16), estimate the net
wedge, AW — Ax’. Second, if the net wedge
appears to be negative, estimate the profit
effect, Aw’. This might be done by observing
how the aggregate stock market valuation of
the participants changes with the news of the
proposed merger. These estimates of the net
wedge and of the profit effect can then be
plotted on Figure 1, and the merger should
be approved if and only if the. point so
plotted lies in the northeast half-plane in
Figure 1.
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We stress, however, that such a procedure
would involve a number of problems, some
severe. Estimating the net wedge involves
estimating structural parameters such as the
A;’s, and how they will change in equilib-
rium with changes in X,. The estimate of the
private profitability A7/, which is needed
only if the net wedge appears to be negative,
is also problematic. Using the stock-market
response to the announcement of the pro-
posal assumes that no significant insider
trading predates the announcement and that
the stock market can accurately value the
proposed change. More fundamentally, this
rule would seem to create a multiple-equi-
librium problem for proposed mergers that
in fact lie in region C. If the market believes
that the merger will be approved, then the
increase in stock-market value will so im-
press the regulators that they will indeed
approve it. If, however, the market expects
regulatory opposition, then the value will
rise by little, and the regulators will indeed
oppose the merger!

C. Linear Demand and Constant Costs

In this subsection and the next, we illus-
trate Proposition 5 by recalling the cases
analyzed by Salant et al. (1983) and by Perry
and Porter (1985) and R. Preston McAfee
and Michael Williams (1988).

Salant et al. assume symmetric Cournot
competition among n firms, which have
identical constant marginal cost ¢ and face a
linear demand curve. They consider the pri-
vate and social benefits of a merger of m +1
of those firms—that is, a shift from Cournot
to collusive behavior within the group.

For constant marginal costs and linear
demand, A,=1 for all i, and n= X, — X,.
Hence, a merger among m +1 out of the n
firms will have 5 > 0 all along the path from
Xjmitial o xfinal if the pre-merger outputs
satisfy X, — X;>0, that is, if n—m—1>
m+1, or m+1<n/2. In this model, then,
any profitable merger involving at most half
the industry is socially desirable.

This may seem puzzling, since, with con-
stant unit costs, welfare declines with any
merger. Salant et al. resolve this puzzle by
pointing out that outsiders’ responses may
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make the merger unprofitable, especially
when m /n is small.?! They also emphasize,
however, that internalized savings (for exam-
ple, fixed costs, which are perfectly consis-
tent with constant marginal costs) may re-
verse that unprofitability—and hence also
reverse the welfare undesirability.

Similarly, the net external effect of a
merger among m + 1 firms is surely negative
if the post-merger outputs satisfy X;> X,
that is, when 1>n—m—1, or when the
number of merging firms is at least n—1
(merger to duopoly). This does not necessar-
ily mean that no such merger should ever be
approved, but there is certainly a case to
answer.

Observe that in this model it does not
matter for the externality how X,, is divided
amongst the outsiders, for A; is independent
of firm i’s output or market share. In our
next example we shall see that this is not
generally the case.

D. Linear Demand and Quadratic Costs

For our second illustration, consider the
quadratic cost and linear demand functions
used by Perry and Porter (1985), and by
McAfee and Williams (1988). Demand is
given by p(X) = A4 — X, and costs are given
by c(x, k) =1x%/k at all firms.?? This vari-
able cost function, which is dual to the
Cobb-Douglas production function x =Lk,
exhibits constant returns to scale (it is homo-
geneous of degree one in capital and output).
Hence, by Proposition 3, every merger re-
duces output. Proposition 5 applies, and
simple calculations show that A;=x,/p=
s;/e. Consequently, a merger surely has a
positive externality if

1
(17) sl< - Z siza
€

i€e0

21Gérard Gaudet and Salant (1988) study how large
a group of firms must be for coordinated output reduc-
tions by the group to be profitable, despite the increased
outzput by rivals that such reductions will induce.

2The analysis would be identical in a model with
p=A—bX and c¢(x, k) = cx + ex?/2k, but the param-
eters b, ¢, and e would clutter our formulas.
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where these are pre-merger market shares.
Thus a merger is more likely to help rivals
and consumers jointly if s, is small—this
conforms with standard merger analysis—
and if the rest of the industry is more con-
centrated!

The reason for this surprising conclusion
is that, in this model, A; is larger for larger
firms i(A;=x,;/p). In economic terms, if
there are large outsiders, then any reduction
in X; will induce an especially large dutput
response by them—which is just where in-
creases in output are socially most valuable.
Concentration among outsiders therefore
makes their output response more socially
beneficial. If A, were smaller at larger firms,
as can easily happen,? then the outsiders’
output response might either be weakened or
less socially beneficial in a more concen-
trated market. The Salant-Switzer-Reynolds
model is a borderline case: A;=1 for all i,
so that the distribution of market shares
among nonparticipants does not matter
there.

Another interesting feature of condition
(17) is that a merger is more likely to have a
negative external effect, and hence to require
careful antitrust scrutiny, when demand is
more elastic. The reason is that with elastic
demand outsiders’ markups are small, so lit-
tle welfare benefit is to be had from their
increased output (while consumers still suffer
from any price increase caused by the
merger).

In the linear-quadrant model, unlike the
constant marginal cost model, mergers may
increase welfare even absent fixed-cost sav-
ings. In a previous version of this paper, we
showed, by viewing infinitesimal mergers as
transfers of small amounts of capital, that
welfare rises (AW > 0) if the merging firms
are small and the rest of the industry is
highly concentrated.** This is so even though
there are no synergies, output falls, and con-

2 For example, if firm i has constant unit cost ¢, and
if p”> 0, then A, will be inversely related to x,.

24McAfee and Williams (1988) also construct exam-
ples of welfare-improving mergers in this model, using
computer simulation.
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centration increases! Small merging firms
have small price-cost margins, so a reduction
in their output has little social cost, whereas
large nonparticipant firms increase their out-
put and this is socially valuable. In terms of
condition (1), the increase in concentration,
dH/H, outweighs the reduction in output,
dX/ X, yielding an increase in welfare. Thus,
as hinted in the Introduction, structural
changes such as mergers can lead to changes
in H and in W that have the same sign, even
without synergies. That this can happen more
generally, with or without synergies, is shown
by Proposition 5.

E. Constant-Elasticity Demand and
Constant Costs

For constant marginal costs and constant-
elasticity demand, A;=1-s5,(1+1/¢). The
net externality from an infinitesimal merger
that raises price is posititve if and only if

2 st

i€

1
2(sy+5,) <1—|1+—
€

”nr

In this example, although the p”” > 0 con-
dition of Proposition 5 does not hold, we can
nonetheless show directly that any merger
for which the above inequality holds at pre-
merger shares generates a positive net exter-
nality. To establish this result, it is sufficient
to show that the above inequality continues
to hold as x falls. Differentiating totally, this
is equivalent to X, . oA, ds; > 0. Since all the
A, are positive, it is enough to show that s;
increases as X falls. But firm i’s first-order
condition requires that s;=e(l—c./p);
since ¢ and ¢! are constants, s; must rise
with p.

We therefore have derived, in an impor-
tant special case, a sufficient condition in
terms of the pre-merger market shares and
the elasticity of demand, for every profitable
merger to improve welfare. This result illus-
trates that the sufficient conditions of Propo-
sition 5 are not necessary.

F. Extending Beyond Cournot

We have used the Cournot assumption in
this section in two ways: (a) to measure
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outsiders’ markups, p—ci, by — x,p'(X),
and (b) to compute outsiders’ responses as
measured by the A,’s.?> But within the class
of homogeneous-goods models, our qualita-
tive results extend well beyond Cournot be-
havior. Whatever the behavior of the non-
participating firms, there are two external
effects of a change in X,. First, the price
changes, causing a loss of X,dp to con-
sumers.?¢ Second, outsider firms are induced
to change their outputs by some amounts,
say y,dX,, and the social value of this is
Y. colp— cily,dX,. Consequently, the ex-
ternality is positive if and only if

(18) X [p—ci]y.dX,— X,dp>o0.

i€0

Equation (11) and Proposition 4 are a spe-
cial case of equation (18). More generally,
the ¢, must be recalculated for each oligop-
oly theory, but the basic equation (18) per-
sists.

To illustrate, we sketch here how our re-
sults would differ with nonzero conjectural
variations. Suppose that firm i believes that
its rivals will respond to its output changes
with dy, /dx;=v;?” Then firm i’s equilib-
rium markup is p—c.=—x,p(X)1+v,),
and its equilibrium responsiveness is

K p'+ xiP"(l‘l' Ui)
o —p(+y)

The condition in Proposition 4 for a positive
externality becomes

Y S\isi(1+ v;) > s;.

i€0

Z5We also have used price to measure marginal gross
benefits. This procedure is valid provided only that the
good is homogeneous and buyers have no market power.

The price effect on outsider firms’ output, X — X;,
is merely a transfer from consumers to outsiders.

The parameter v, is called firm i’s “conjectural
variation.” Although the conjectural variation model is
logically flawed, it is a useful way of parameterizing the
degree of competition among oligopolists. Such behav-
ior might, for example, arise as the equilibrium of an
(unmodeled) dynamic oligopolistic game.
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We now ask how &,(1+ v,) varies with v;.
This will tell us how the external effect of a
small reduction in output by (say) firms 1
and 2 in an industry with a given vector of
market shares (s, 5,,...,s,), varies with the
industry’s competitiveness. In other words,
given the observed market shares, how will
the external effect of the merger depend upon
the behavior that led to the observed pre-
merger equilibrium? This is the relevant
question for policy: it determines whether
high or low perceived v,’s would make a
proposed merger more socially acceptable,
given the observed market shares.

Straightforward calculations show that
A,(1+v)) is increasing in v; if and only if

(1+0)*xp'p" = (p'+2(1+ 0,)xp") ¢, > 0.

This condition certainly holds if demand is
linear and c,, > 0: in that case, more collu-
sive behavior (an increase in v,) raises A,(1
+ v;), so an output reduction by firms 1 and
2 becomes more attractive to the rest of
society, given all the firms’ market shares.
Perhaps surprisingly, the more tacit collu-
sion that exists in pre-merger equilibrium
and would exist after the merger (we assume
the two are the same), the more likely it is
that a privately profitable merger is socially
desirable.

IV. Other Applications of the
Externality Technique

The externality formula of Proposition 4
has applications that extend well beyond
horizontal merger policy. We sketch two such
applications here: (1) investment or commit-
ment by an oligopolist, and (2) an import
quota in an industry with a domestic
oligopoly.

A. Investment or Commitment
in Oligopoly

What is the welfare effect of a small, ob-
servable, unilateral change by an oligopolist
that shifts outwards its reaction function? In
particular, what external effects on con-
sumers and other firms result from an
oligopolist’s decision to invest in new capi-



VOL. 80 NO. 1

tal, or from an increase in its ability to
commit to a high output level, for example,
through long term contracts? As above, we
can analyze these external effects in terms of
an infinitesimal (but in this case a positive)
change in X, where the subset I of “in-
siders” consists of the investing firm alone.?
Applying Proposition 4 gives

PROPOSITION 6: The external effect of a
small outward shift in firm 1’s reaction func-
tion has the sign of

(19) 51— 2 As,.
i=2

Expression (19) is most likely to be nega-
tive if firm 1’s rivals have large market shares
and therefore high price-cost margins, and if
their equilibrium outputs are sensitive to ex-
pansion by firm 1. In such a market, firm 1
“steals” a great deal of valuable business
from its rivals when it invests. This negative
externality imposed on rivals must be com-
pared against the transfer to consumers of
the price change on firm 1’s output.?® Clearly,
if firm 1 is sufficiently small, (19) is negative.
Thus, although investment by a small firm
lowers price and benefits consumers, it harms
rival firms by more.

The impact on rivals and on consumers of
allowing one firm in a Cournot oligopoly
some power of pre-commitment is given also
by Proposition 6. If we move from a régime
of less commitment power to one of more,
we have dX; > 0. Consequently, the external
welfare effects of allowing more output com-
mitment by one firm are beneficial if and
only if that firm has a sufficiently large mar-
ket share. And it is certainly profitable for
the firm with the commitment power. Hence,
if one firm has a market share in Cournot
oligopoly that exceeds the A-weighted sum

284 dditional applications of Proposition 4 to invest-
ment are presented in our (1990) paper.

The price effect on other firms’ outputs is merely a
transfer from rivals to consumers. Marius Schwartz
(1988) discusses some similar examples in a special
model.
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of all others’, then it is socially desirable to
give that firm some Stackelberg power. And
if the conditions of Proposition 5 hold, it
follows that it is desirable to go all the way
to give the firm complete Stackelberg power.
As an illustration, take the simplest possi-
ble model. There are two firms, each with
zero marginal costs, and p(X)=1— X. Re-
call that A, =1 with this specification, so
that, in the (symmetric) Cournot equilib-
rium, s, =3=A,s,. In Cournot equilibrium,
each firm produces output 1/3, and makes
profits of 1/9, while consumer surplus is
2/9. But if firm 1 is Stackelberg leader, then
x,=1/2 and x,=1/4, giving firm 2 profits
of 1/16 and consumers surplus of 9/32.
Since (9/32+1/16) > (2/9+1/9), firm 2
and consumers jointly benefit from the shift
to Stackelberg behavior, as Proposition 5
predicted. Of course, firm 1 also gained.

B. Import Quotas in
Oligopolistic Industries

We now show how Propositions 4 and 5
illuminate the domestic welfare conse-
quences of quotas when the domestic indus-
try consists of a Cournot oligopoly (plus
perhaps a competitive fringe). Thinking of
foreign suppliers as the “insiders,” we can
view a tightening of a quota as a reduction
in X,. Moreover, the welfare of outsiders
(domestic firms) and consumers is simply
domestic welfare. Proposition 4 therefore
gives us:

PROPOSITION 7: Consider the effect of an
import quota in an industry where domestic
firms are Cournot oligopolists, perhaps includ-
ing a competitive frings. Slightly tightening
the quota raises domestic welfare if and only if
the share of imports is less than the A-weighted
sum of domestic producers’ shares.

Proposition 5—when its assumptions hold
—implies that a small enough import sector
should be excluded altogether!*® Although

*Janusz Ordover and Robert Willig (1986) obtain a
similar result in a model with linear demand and con-
stant unit costs.
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this would hurt consumers, it would help
domestic producers by more. For instance,
in the constant-cost, linear-demand case,
Proposition 5 states that if imports have no
more than half the market in Cournot equi-
librium, domestic welfare would be greater if
imports were completely excluded! To illus-
trate, take the same model as in the previous
subsection: demand is p=1— X and there
are two firms (one now foreign), each with
zero marginal costs. Domestic welfare in
Cournot equilibrium is 2/9+1,/9=1/3. Ex-
cluding the foreign firm creates a domestic
monopoly, which will produce output of 1,/2,
yielding (domestic) welfare of (1/8+1/4) =
3/8>1/3.

V. Conclusions

We have studied the output and welfare
effects of mergers in Cournot oligopoly, us-
ing cost and demand functions restricted
only by standard stability assumptions.

We found that mergers do indeed, typi-
cally, raise price. In particular, any merger
that generates no synergies, in the sense of
equation (8), raises price. And for a merger
to lower price requires considerable econ-
omies of scale or learning. This result is only
strengthened if the merger causes behavior
in the industry to shift from Cournot to
something less competitive. Furthermore,
and consistent with the approach taken by
the merger guidelines, we found that the
economies of scale or learning effects neces-
sary for a merger to lower price are greater,
the larger are the merging firms’ market
shares and the less elastic is industry de-
mand.

In our policy analysis, we focused on the
external effects of a merger rather than try-
ing directly to sign its overall welfare effect.
This approach, as well as being consistent
with market-oriented policy analysis in gen-
eral, has a great practical advantage: the
information required is much more readily
available. Looking at the external effect
would also allow antitrust authorities to
make use of the fact that only privately
profitable mergers are proposed, and it would
permit them to give cost savings a larger role
in merger policy (as Williamson’s (1968) cal-
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culations suggest they deserve) without de-
manding either information or credulity
about alleged synergies.

The information that is needed in our
analytical scheme is in two separable parts.
First, to test whether a merger will indeed
reduce output requires information only
on participants’ (pre-merger) marginal-cost
functions and on that of the merged entity.
Although this information may be hard to
obtain, our observation does indicate exactly
what the relevant information is. Informa-
tion about market demand and other firms’
costs is not relevant for determining whether
price will rise or fall, so long as Cournot
behavior applies both before and after the
merger. Second, to sign the external effect of
an output-reducing merger—whether it ben-
efits or harms rival firms and consumers
jointly—requires information only on mar-
ket shares and the output responsiveness pa-
rameters (the A;) of nonparticipants.

Inevitably, for general results one requires
information not only at the pre-merger equi-
librium, but along a path from pre-merger to
post-merger equilibrium. But Proposition 5
gives conditions—general enough to cover
the special cases previously studied and many
more—under which no such global inquiry
is required: one need merely compare the
participants’ pre-merger joint market share
with the A-weighted sum of their rivals’. We
can thus give surprisingly general (sufficient)
conditions under which all privately prof-
itable mergers raise welfare, and presumably
all proposed mergers should be approved.

Our techniques have a wide range of ap-
plication in oligopoly theory, as Propositions
6 and 7 show. Quite generally, our results
imply that many output-reducing changes
should not be grudgingly tolerated, but
should be positively welcomed by the rest of
society. The counterintuitive, almost para-
doxical, fact is that, in Cournot and similar
theories of oligopoly with homogeneous
goods, the presence of small firms with little
market power is not desirable. Their output,
produced at a marginal cost that almost
consumes its gross social benefit, also dis-
places or discourages output at (larger) firms
with lower marginal costs (this displacement
effect is, of course, absent in perfect compe-
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tition). Consequently, it often enhances eco-
nomic welfare—defined in the usual way—to
close down small or inefficient firms, or,
failing that, to encourage them to merge so
that they produce less output. This observa-
tion may call for some rethinking of our
views on policy toward competition, includ-
ing horizontal merger policy.

We believe that our paper provides useful
tools and insights for horizontal merger pol-
icy. But our analysis is limited in two major
ways, both of which are inherent in the
standard Cournot model (and its conjec-
tural-variations extensions). First, we ana-
lyze a homogeneous-goods industry; our re-
sults may not apply well to markets in which
product differentiation is substantial. Apply-
ing techniques such as those presented here
to differentiated-product industries is an im-
portant topic for future research. Second, by
assuming that the firms behave as Cournot
competitors, both before and after the
merger, we ignore any effect of a merger on
the probability or nature of explicit collu-
sion. We believe that the Cournot model
captures the notion of facit collusion fairly
well, but we are well aware that many an-
titrust practitioners are more concerned with
the possibility of explicit collusion than with
the nature of tacit collusion. Unfortunately,
there is no fully satisfactory model of the
probability of successful explicit collusion in
oligopoly. Such a model could be used to
estimate a merger’s effect on the probability
of collusion.

APPENDIX

The Herfindahl Index in Cournot Oligopoly
Consider a Cournot oligopoly in which firm i (i=
1,..., n) produces output x, at cost ¢'(x,). Total output
is X=%"_,x,, and the market price, p= p(X), mea-
sures the marginal gross benefit of output. For an
arbitrary change { dx, } in firms’ outputs,

n
aw=¥ (p-c)dx

=1

In Cournot equilibrium, firm i’s first-order condition
gives p — ¢, = — p’(X)x,. Hence,

n
dw =~ p'(X) Z x, dx,.

=1
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Now this change in welfare is related to the Herfindahl
index, H, since

n
Zx,dx,—-dl2x ]
=1 =1

1 1
-2~d[X2H]= XHdX + -2-X2dH.

Thus we have

dw = — X? Hp(X){ Xl dH}

2H

With downward-sloping demand, p’(X) <0, so dW
has the sign of

dX 1dH

—+-—.

X 2H
See Keith Cowling and Michael Waterson (1976) or
Robert Dansby and Robert Willig (1979) for related

calculations showing the welfare significance of the
Herfindahl Index in Cournot oligopoly.

Proof of Lemma

Write Ax, and A X for the changes in firm 1’s output
and in aggregate output. It is enough to prove the
Lemma for an infinitesimal change dx;, since 0 <
dX/dx, <1 implies 0 < A X/Ax, <1. For any firm i #1,
dx,=— A, dX. Adding up for i#1 we have dy =
—X%, 1A, dX. Adding dx, to this equation gives dX =
=X, A, dX +dx;, or dX(1+X, .,A,) = dx,. With con-
ditions (3) and (4), each A, is positive, so dX has the
same sign as dx; but is smaller in magnitude. ]

Proof of Proposition 1

By our Lemma, we need only sign the effect on the
insiders’ total output. And in order to do that, we need
only find whether the new firm M would increase or
decrease its output if the nonparticipant firms held their
outputs constant at pre-merger levels.

Denote pre-merger outputs by X, and X, and call the
insiders’ aggregate pre-merger output X,,. At pre-merger
output_levels, M’s marginal revenue is p(X)+
XMp (X). So M will reduce its output if and only if
M(Xy) > p(X)+ Xy p'(X), or p(X)— cM(X,) <
— X,,p’(X). Thus it is enough to show that — X,,p’( X)
is equal to the sum of the merging firms’ pre-merger
markups But, for each firm i€, ¢ (X,)=p(X)+
x,p'(X), or p(X)— (%) =—X,p'(X). Addmg this up
over i € I, we find that

X [p(X) =) = Xur'(X),

€]

as required. m]

Proof of Proposition 2
We give the proof for a two-firm merger, but it extends
to multi-firm mergers. The proof proceeds in four steps.
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Step 1. First, by the Lemma, the change in total
output has the same sign as the change in the insiders’
output. Therefore, it is enough for us to show that the
insiders will want to reduce their aggregate output, if
the outsiders’ output is held constant at X,,. For nota-
tional simplicity, since the outsiders’ output is fixed, we
shall write p(x, + x,) instead of p(x; + x, + Xj).

Step 2. Next, we show by a revealed-preference ar-
gument that both firms’ outputs cannot rise when the
two firms maximize joint profits rather than their own
profits (as in Cournot equilibrium).

Denote by X, firm i’s output in pre-merger Cournot
equilibrium, and by x, its output when the two firms
maximize joint profits. We will show that it is impossi-
ble to have x, > x, for i =1,2. By revealed preference,

(20) (x1+x)p(x+x3)— ' (%) — c*(xy)

2 (% +%)p (X + %) M(x) - A (X)),

and

(21) * p (% +%)- (%)
2x1p(x1+7cz)—cl(x1),

(22) %, p (X + %)~ ¢*(X,)

szp()_cl+x2)—c2(x2).

Adding equations (21) and (22), and comparing to (20),
yields

23) (it x)p(x+x)
>xp(x+ %)+ x,p (% + %),

which is inconsistent with both x; > X, and x,>X,
unless both hold with equality. Without loss of general-
ity, suppose that the output at facility 2 does not rise
after the merger: x, < X,.

Step 3. Let x{ be the output that maximizes m;
given outputs x, and X,. Since x, <X,, the Lemma
tells us that x{ > x, and x{ + x, <X; + X,.

Step 4. Finally, if x, > 0, when firm 1 is maximizing
joint profits, it will produce strictly less (given firm 2’s
output) than if it were maximizing only its own, since
increases in x; reduce the profits earned at facility 2.
That is, x; < x{. Using Step 3, we thus have x; + x, <
X, + X, as was required. If x, =0 then x, = x{ and the
result follows directly from the Lemma. a

Economies of Scale

For equilibrium output to increase, Proposition 1
requires that marginal cost at twice the pre-merg-
er capital and output levels must be less than pre-
merger marginal cost, by an amount equal to the
pre-merger markup. That is,

e (2x,2k) < ¢, (x, k) =[P —ce(x, k)],
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where p is the pre-merger price and x is each firm’s
pre-merger output. Now the pre-merger markup p —
¢, (x, k) is equal, by the pre-merger first-order condi-
tion, (2), to s/(e—s) times pre-merger marginal cost
¢, (x, k). So output falls unless

co(2x.2k) < [1— :ss]cx(x,k).

If ¢(x, k) is dual to the generalized Cobb-Douglas
production function f(L,k)=k°L’, then ¢ (x,k)=
w/bx1/b=1k=4/b where w is the price of the variable
input L, so that

¢ (2x,2k)

S L _/b-l-a/b,
C\,(X, k)

Hence, (9) states that
a+b=1+blog,(e—s)—blog,(e—2s).

If s=0.2 and e=1, and if a=2b, this requires a >
1/log, 3.

Learning. Suppose that firms 1 and 2 merge, capital
is immobile and marginal costs are nondecreasing. We
prove here that for price to fall, the merger must either
reduce 6, by at least a factor s, /(e—s,) or reduce 6,
by at least a factor s, /(e—s,).

At least one of the insiders, call it firm 1, must at
least maintain its pre-merger output level if price is not
to rise. And, by the envelope theorem, M’s marginal
cost will equal firm 1’s marginal cost at its post-merger
level of output. But, by equation (7), for output to rise
we must have ¢l —¢M> p—¢2, so firm 1’s marginal
costs must fall by at least firm 2’s markup. However,
with ¢l >0 and firm 1 expanding, firm 1’s marginal
costs could fall only due to synergies. If price is to fall,
therefore, synergies must reduce firm 1’s marginal costs
by at least the extent of firm 2’s markup.

Just how strong a synergistic cost reduction is needed
for this condition to be met and thus reverse the pre-
sumption that aggregate output will fall with the merger?
In the pre-merger equilibrium, we have (p — ¢, (x,))/p
= —x,p//p=s/c Hence, (p—c2)/p=s,/¢ and
p/e=e/(e— ).

The reduction in firm 1’s marginal costs required for
price to fall is ¢! — ¢M> p—c2 In percentage terms,
this requires

a-a' p-c p
cl > » c—l .
A} X

Substituting for the two factors on the right-hand side,
we must have

1_ .M
o—ct s, & S5 )4
> Py

I € E—S  ETS ¢

Learning must reduce firm 1’s marginal costs by at least
s, /(e — ;) for price to fall. a
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Proof of Proposition 5

We will show that the conditions given imply that
d[A,x,]/dX <0 for i€ 0. Since an output-reducing
merger involves a reduction in X, an infinitesimal
merger’s effect on n =%, c oA, x, — X; is therefore un-
ambiguously positive. So, after doing an infinitesimal
merger that benefits nonparticipants, we will find that a
further infinitesimal merger benefits them by even more,
and so on until the merger is complete. Evidently, this
implies (it is much stronger than) Proposition 5.

Recall that we are considering an exogenous change
dX;, which induces changes dx, by outside firms i, and
hence induces a change 4X in aggregate output and
changes dA, in the A’s. Since d[A,x,] =\, dx; + x,d\,,
and since dx, = — A, dX, we have

d[\x,]=-NdX+x,d}\,.

Now think of A, = — p(X)+ x,p"(X)/c(x,)— p'(X)
as a function of two variables, X and x,. Thus we have

drx] N, A
— = Rtx|— -2
dx TN ax T Moy,

Substituting in for A, and its partial derivatives, we get

A
@) (en- p) o]

== (P +xp") = xp" (cex = P)

(p'+x,p")

+ x,¢ 7
Cx — P

1YXXX

- x:p”[cxx + p/+2X,P//]-

For quadratic p(-) and ¢(-) functions, we can ignore
the terms in ¢, and in p ", and then d[A,x,]/dX has
the sign of

—x,p"[ecet p'+2x,p" )= (p'+x,p")

” ’ 3 Z 2 3 2 2

E_'xlp c.\'.\'_ P+§xlp _le(p ) 4
which is negative provided that p” and ¢, are nonneg-
ative (actually, provided that their product is nonnega-
tive). The proposition follows by inspection of equation
(24), since p ™ and c,,, enter with unambiguous signs.
O
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