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1 Introduction

The competitive effects of horizontal mergers are one of the most important issues in antitrust
policy. This is due to the large number of notified mergers and their potentially significant com-
petitive consequences. Both U.S. and EU competition authorities conduct hundreds of merger
reviews every year, and a considerable number of transactions are prohibited, litigated, or re-
quire structural divestitures. As a result, merger reviews have dominated all other types of
investigations at the Antitrust Division of the U.S. Department of Justice for the last decade.!

In the economic literature, the Cournot model of quantity competition is perhaps the most
widely used model to analyze the competitive effects of horizontal mergers. Indeed, many mergers
take place in industries with homogeneous goods, where capacity competition is a central feature
of the competitive process. For instance, the recent merger between Tronox and Cristal, two
suppliers of white pigment, was investigated by both U.S. and EU authorities and led to significant
divestitures. Among other, the Federal Trade Commission used a calibrated Cournot model to
analyze this transaction.?

Due to the prominence of the Cournot model, several important insights for antitrust policy
have been derived from it. For instance, Farrell and Shapiro’s (1990) seminal analysis provides
sufficient conditions for mergers to increase prices or decrease welfare. Nocke and Whinston
(2010) show that a myopic merger policy by a competition authority is often optimal also in
a dynamic setting. Nocke and Whinston (2013) and Mermelstein et al. (2020) derive insights
about the trade-off between market power and efficiency when firms can choose which merger to
propose. Finally, Nocke and Whinston (2021) show that the change in the Herfindahl-Hirschman
index (HHI) brought about by a merger is far more informative than its level for assessing whether
a transaction is likely to harm consumers.

This literature has derived strong results on the general conditions under which mergers
are likely to increase prices and reduce consumer surplus. Yet, much less is known about the
magnitude of the competitive effects of mergers in Cournot markets — the question that com-

petition authorities are typically confronted with. Indeed, practically all antitrust laws require

'See https://www.justice.gov/atr/file/ 788426 /download.
2See Miller and Sheu (2021) for a description of the calibration and a more general survey of the application of
quantitative methods to homogeneous goods mergers.



some showing of "material effects" for mergers to be challenged. Therefore, it is important to
understand not only whether prices are likely to increase but also by how much, and what the
main drivers behind these effects are. This is the topic of this paper.

We consider the standard Cournot model of quantity competition with general demand and
heterogeneous firms. As much of the literature (e.g., Nocke and Whinston, 2010, 2013, 2021;
Spiegel, 2020), we focus on constant marginal costs, since Cournot equilibria are usually best
viewed as reflecting the outcome of long-run capacity competition (Kreps and Scheinkman, 1983).
In the long run, however, incremental costs of adding capacity are likely to be constant.? Within
this standard setting, we determine the price effects of mergers while allowing for efficiency gains
via merger-induced cost reductions.

In line with merger control practice, we define competitive effects as the percentage price
change Ap/p caused by a merger.* It is often assumed that in markets with Cournot competition,
price effects are mainly driven by market concentration (e.g., see Werden, 1991). As a result,
both the U.S. and EU Horizontal Merger Guidelines emphasize concentration indices such as
market shares and HHIs as tools for assessing the likely competitive effects of a merger. The
economic literature contains several important results that support the use of concentration
measures for assessing market power. Cowling and Waterson (1976) first showed that Cournot
equilibria exhibit a direct relationship between market concentration (as measured by the HHI)
and market power (as measured by margins). Spiegel (2020) shows that HHI levels also reflect
the ratio between producer and consumer surplus. Finally, Nocke and Whinston (2021) illustrate
how the change in HHI based on pre-merger market shares can be used to screen welfare-reducing
mergers.

Even so, as pointed out by Farrell and Shapiro (1990) and Nocke and Whinston (2021), relying
on pre-merger concentration measures for gauging price effects can lead to seriously erroneous
predictions (and often has no basis in economic theory). This is because competitive effects are

to a significant extent determined by post-merger changes in market shares and other variables.”

3We provide a detailed discussion of short-run versus long-run effects in Section 5.

4In homogenous goods markets, the price change of a merger is the main factor behind the change in consumer
surplus, thus justifying the focus of competition authorities on price effects.

E.g., Werden and Froeb (2008) show that if a Cournot merger did not change an industry’s market shares, av-
erage marginal cost and demand elasticity e, then price effects could be expressed as Ap/p = AH/ (e — H — AH),
where H denotes the HHI and AH denotes the change in HHI calculated with pre-merger shares. But, unfortu-



The conundrum, of course, is that post-merger parameters are unknown when a transaction is
evaluated ex-ante. One objective of this article is therefore to derive expressions for price effects
that rely solely on pre-merger parameters.

Our paper makes two main contributions. First, we show that despite the direct link between
price levels and concentration in Cournot markets, the price change brought about by a merger
only depends on the smaller merging firm’s share and the number of firms, but is invariant to
the distribution of shares among other firms (including the larger merging firm). Therefore, the
increase of market prices caused by a 15+ 10% merger is equally problematic as that of a 30+10%
merger in the same market — irrespective of the parameters of the model. Conversely, we show
that even mergers with very high combined market shares can be innocuous if sufficiently many
small rivals are active. Pre-merger concentration levels (and changes) therefore provide only
limited guidance for evaluating the competitive effects of Cournot mergers. In fact, we show
that in multi-market mergers, there is even a negative relationship between concentration and
competitive effects: when firms compete in different geographic areas, then a merger is more
likely to cause competitive harm in markets with lower HHI.

Second, we show that the price effects of Cournot mergers are generally determined by five
parameters: (i) the number of firms, (ii) the smaller merging firm’s market share, (iii) the efficien-
cies brought about by the merger, (iv) the pre-merger elasticity of demand, and (v) the average
curvature of demand. As we discuss in more detail in Section 2, the first four of these variables
can be directly observed by competition authorities or inferred from observable parameters.’
The only variable that is typically not observable ex-ante is the average demand curvature. Even
so, we show that price effects can be bounded under relatively mild assumptions on curvature
using Mrézovd and Neary’s (2017) concept of subconvexity. Alternatively, merger effects can
be approximated via the pre-merger pass-through rate. Using these approaches, we provide a
systematic quantification of the price effects of Cournot mergers by deriving simple — yet general

— closed-form solutions for calibration that solely rely on pre-merger variables.

nately, most mergers will change these variables considerably. As a result, the above formula tends to generate
highly inaccurate predictions. E.g., for a three-to-two merger with symmetric firms, linear demand and unit elas-
ticity, it predicts a price increase of 50%. The actual price effect of such a merger is in fact only 11% (from
Proposition 5 below).

°E.g., the demand elasticity can be recovered from margins via firms’ first-order conditions.



The structure of the paper is as follows. Section 2 considers the general competitive effects
of Cournot mergers. Section 3 then quantifies price effects based on differing assumptions about
demand curvature and pass-through. Section 4 extends our results to settings such as market
definition and entry. Section 5 discusses the application of the Cournot model with constant
marginal costs to homogeneous goods mergers. Finally, Section 6 concludes. The proofs of all

propositions are in the Appendix.

2 Price effects of Cournot mergers

There are n firms, ¢ = 1,...,n, with constant but potentially heterogeneous marginal costs ¢; >
0.” Each firm i chooses its quantity z; of a homogenous good. Inverse demand is given by
p(x), where x = > ' | x; is aggregate output and p is price, with p’ (z) < 0 for all x > 0.
Following the literature (e.g., Nocke and Whinston, 2010), we assume p’ (z) + zp” () < 0 and
lim, oo p () = 0 to ensure existence and uniqueness of an equilibrium.® The profit of firm 4
is given by m; (z) = z;[p(x) — ¢;]. We consider interior equilibria such that the same set of
firms is active pre- and post-merger. The pre-merger equilibrium is then characterized by the n

first-order conditions p (z) — ¢; + z;p' () = 0, 4 = 1,...,n. Using the definitions s; = z;/z for

firm ¢’s market share, m; = (p — ¢;) /p for firm i’s margin, and e = —p (x) /zp’ (x) for the market
elasticity of demand, these conditions can be written as:”
S; = MyeE, 1= 1,...,’/1 (1)

Let ¢ = > | sic; denote the industry’s (share-weighted) average marginal cost, m = (p — ¢) /p the
(share-weighted) average margin, and H = Y7, s? the HHI. Multiplying (1) by s; on both sides

=11

and summing up for all ¢ = 1, ..., n then yields the well-known result that in equilibrium, the HHI

"The assumption of constant marginal costs is in line with recent literature on Cournot competition (e.g., Nocke
and Whinston, 2010, 2013, 2021; Spiegel, 2020). See Section 5 for a discussion.

8We relax the first part of this assumption in Section 3 to allow for the possibility of log-convex demand
functions.

91t follows that s; > s; if and only if ¢; < ¢;. Moreover, since m; < 1, we must have € > s; for all i = 1,...,n
over the relevant range.



is equal to the average industry margin multiplied by the elasticity of demand:!°

H =me (2)

Historically, (2) has been a key result that helped promote the widespread use of the HHI in
antitrust analysis, as it reveals a direct relation between concentration (as measured by the HHI)
and market power (as measured by margins).

Now consider a merger of firms 1 and 2. Without loss of generality, let s1 < s9 and so ¢co < ¢;.
We allow for the possibility that the merger may give rise to a cost-reducing efficiency. Denoting
post-merger variables by an asterisk, post-merger marginal costs are therefore c¢5 < cy for the
merged entity and ¢ = ¢; for competitors i = 3, ..., n.

As shown by Nocke and Whinston (2010), profitable mergers in the Cournot model with
constant marginal costs can increase or decrease output. This is because the efficiency gain
required for the profitability of a merger (if any) is always lower than the efficiency gain required
to render a merger procompetitive. Profitable mergers can therefore increase or decrease prices.

To study the determinants and extent of this price effect, we consider the post-merger equi-

librium, which is given by the n — 1 first-order conditions

si=mie", i=2,..,n. (3)

Rewriting (1) as ¢; = p (1 — s;/¢) for all i and denoting the size of efficiency gains as a percentage

of price by p = (c2 — ¢b)/p, (3) can be written as

for the merged entity and

for ¢ = 3,...,n. Summing up these n — 1 equations, noting that > , s = 1, and rearranging

'"Note that the right-hand side of (2) is a conduct parameter that can vary between zero (perfect competition)
and one (monopoly).



then yields

Ap s1—1+¢e/e* —pue

?: (n—1)e—¢e/e* ’ (4)

where Ap/p = (p* — p) /p is the price effect caused by a merger.
Since €* is a function of the post-merger price p*, expression (4) provides an implicit formula
for the price effects of a merger. Although it is only implicit, however, a number of significant

implications flow from it.

The determinants of price effects. First, note that the only term on the right-hand side
of (4) that depends on p* is the ratio of pre- to post-merger elasticity. As we show formally in
the proof of Proposition 1 below, this ratio is fully determined by the price change caused by
a merger and the demand curvature along the transition from pre- to post-merger equilibrium
(i.e., the average demand curvature). It follows that — even though we have made no restrictions
on the parameters of the model — the following five variables fully characterize Ap/p: (i) the
number of firms n, (ii) the share of the smaller merging firm s;, (iii) the size of the efficiency
gain p, (iv) the market elasticity €,!! and (v) the average curvature of demand.

From the foregoing, we immediately obtain the following result on the role of market concen-

tration for merger effects.

Proposition 1 In the Cournot model with constant marginal costs, the price effect of a merger
Ap/p is independent of the market share of the larger merging firm se and of the distribution of

market shares among non-merging firms ss, ..., Sp.

It is well-known that there is a direct link between price levels and concentration in Cournot
markets (from (1) and (3)). Even so, Proposition 1 implies that the price change brought about
by a merger only depends on the number of firms and the market share increment s; caused by
the merger. Ap/p is therefore not only invariant to the distribution of shares among outsiders
$3,...,8n, but also to the size of the larger merging firm so. Put differently, the increase of

market prices caused by a 15 + 10% merger is equally prolematic as that of a 30 + 10% merger

I'Note that e can be inferred from pre-merger margins via (1). When deriving closed-form solutions for price
effects in Section 3, we will therefore typically express Ap/p as a function of m; rather than e.



in the same market. This is true irrespective of the parameters of the model (such as demand
curvature or the degree of concentration among outsiders).

Already Farrell and Shapiro (1990) had criticized the frequent reliance of merger control on
HHIs computed with pre-merger shares on the grounds that market shares may change materially
post-transaction. In a comment on their paper, Werden (1991, p. 1002) defends the use of HHIs
by noting that “(t)he postmerger HHI is used merely as a concentration index to help gauge the
effects of a merger.” However, Proposition 1 implies that only two of the n + 1 components of
the HHI have an actual impact on price effects in the Cournot model with constant returns to
scale (n and s1). Somewhat ironically, therefore, the very model that helped give rise to the
large popularity of HHIs in merger analysis in fact implies that HHIs tend to be redundant for
assessing merger effects.

This result may seem to be at odds with Nocke and Whinston’s (2021) finding that the
change in pre-merger HHIs can be a useful indicator for screening mergers that are likely to
cause consumer harm. As it turns out, however, the two results are fully consistent with one
another. Note that the change in the pre-merger HHI caused by a merger is AH = 2s1s5. This
expression is highly positively correlated with s;: both directly (as AH linearly increases in
s1) and indirectly (since s; defines a lower bound for sy as s2 > s1). Moreover, note that the
objective of Nocke and Whinston’s analysis is very different from ours. While they consider
useful (if possibly imperfect) concentration screens that can be applied across a wide range of
different economic models, we consider the determinants of price effects in the Cournot model

more specifically.

The number of competitors. Interestingly, from (4) the price effect of a merger is contin-
gent on the number of market participants n instead of their shares. Small players can therefore
be considerably more important in preventing price increases in the Cournot model than their

(possibly limited) market shares may suggest. Indeed, it is simple to prove the following result.

Proposition 2 Let n — oo while holding the market shares of the merging parties s1 and so

constant. Then, Ap/p — 0.

Proposition 2 implies that a sufficiently large number of competitors can prevent material



price effects of a merger even if the combined shares of the merging parties are very high. This
is in significant contrast to the effects of mergers in differentiated product markets, where large
diversion ratios between the merging parties typically imply substantial merger effects even if the
number of competitors is large (e.g., see Miller and Sheu, 2021). Proposition 2 thus outlines the

limits of structural presumptions in markets with Cournot competition.'?

Moreover, contrary
to common wisdom, it shows that fragmentation of outsiders is a sign of more rather than less
competitive pressure in the Cournot model (all else equal).

The intuition for this result is as follows: Suppose there is a large number of competitors
whose combined market share is very small. This means they have marginal costs only slightly
below p. While these companies may not affect the pre-merger equilibrium p to a significant
extent, they are far from irrelevant for the post-merger equilibrium p*. Indeed, if the market
price were to increase, these firms would suddenly be in a position to profitably expand their
output to compete for incremental sales. The merging parties therefore could not materially raise
the market price even if their rivals appear “small” in the pre-merger equilibrium. Again, this

implies that pre-merger HHI levels (and changes) can be quite misleading indicators for merger

effects.

Countervailing efficiencies. Using (1) and the fact that ¢* = ¢ when p* = p in (4), it is
easy to show that a merger raises price in our model unless p > my. In the language of Werden
(1996), the compensating marginal cost reduction (CMCR) of a merger is therefore given by
i = mj. Nocke and Whinston (2010) call i the efficiency gain that renders a merger consumer-
surplus neutral.'®> The result that i = m; links our analysis to Farrell and Shapiro (1990),
who rightly observe that it is a very challenging condition to meet in practice (see Nocke and

Whinston, 2021, for calibrations).

Merger effects across markets. The foregoing analysis on critical efficiencies turns out to

be very useful for analyzing mergers that affect multiple markets. Suppose, as in Stole (2007),

120f course the reverse also applies: if the number of competitors is small, then a merger may cause considerably
larger anticompetitive effects than the market shares of the merging parties may seem to suggest.

3Note that different definitions of CMCRs are possible, depending on whether a cost reduction of ¢i, co, or
both is considered. We focus on efficiencies that benefit the more efficient firm 2 here, because its technology will
be used by the merged entity. See Froeb and Werden (1998) for a formulation that considers efficiencies affecting
both ¢; and cs.



that firms sell their output in two separate geographic markets A and B with no resale (e.g.,
competing airlines that allocate plane capacities to different routes).!* Since production exhibits
constant returns to scale, firms’ maximization problems for each market are separable in our
model. As demand functions can differ across markets, equilibrium prices may also be different,
thus leading to different levels of concentration.

One might conjecture, then, that the level of cost efficiencies fi' required to overcome anti-
competitive merger effects in market ¢ is larger in the market with higher HHI. However, the

next proposition shows that the exact opposite is the case.

Proposition 3 Assume firms compete in two separate markets. Then, for a given merger, the
critical efficiencies required to prevent a price increase in the market with lower HHI are larger

than those required to prevent a price increase in the market with higher HHI.

The intuition for this surprising result is as follows. Without loss of generality, let pA > p®
in equilibrium and hence mf‘ > m? for all i = 1,...,n. As a result, more efficient (larger) firms
sell a comparatively smaller proportion of their output in market A than less efficient (smaller)
firms. Essentially, larger firms limit their sales in market A to support the profitable high price
there, whereas smaller firms free-ride on this output restriction by being more aggressive in the
strong market. As a result, market shares in market A are compressed relative to market B.
While the ordering of firm sizes is identical across markets, larger (smaller) firms have relatively
smaller (larger) shares in A compared to B. This compression of shares implies that the HHI
in market A is smaller than in B, even though market power is larger in A. Despite the lower
concentration in A, a given level of efficiencies is therefore less likely to overcome anticompetitive
effects in market A.

In summary: mergers are more problematic in less concentrated markets in the multi-market
Cournot model. This cross-sectional property of the Cournot model underlines the difficulties
that can arise from the endogeneity of market concentration in empirical price-concentration

analyses (e.g., see O’'Brien, 2017).

Yn what follows, variables pertaining to markets A and B are denoted by superscripts A and B, respectively.

10



Observability. Finally, note that four of the five parameters that determine the price effects
of mergers (n, s1, € and p) can either be directly observed by competition authorities or inferred
from observable variables: The number of firms as well as their market shares are generally known
in merger proceedings. Although the elasticity of demand is often not, it can be inferred from
pre-merger margins via (1). Finally, while x is normally unknown by competition authorities,
merging parties bear the burden of proof for demonstrating efficiencies both in the U.S. and the
EU. Evidence on the expected size of i is therefore submitted to competition authorities, rather
than them having to investigate it.

Thus, only the fifth parameter in (4), the ratio of pre- and post-merger elasticity e/e*, is
unobservable, since it is determined by the curvature of demand. As we will show in the next
section, however, already relatively mild assumptions on convexity, or information on the pre-
merger pass-through rate, are sufficient to bound price effects and derive closed-form solutions

that approximate merger effects on the basis of simple pre-merger variables.

3 Price effects and demand curvature

We now proceed to determine the concrete price effects of mergers for different classes of demand
functions. The curvature of demand is denoted by o(z) = —zp”(z)/p'(z). Previous literature
(e.g., Froeb et al., 2005, and Jaffe and Weyl, 2013) has shown that a higher degree of convexity
implies more pronounced merger effects. Unfortunately, however, demand curvature is usually
not directly observable. Moreover, mergers are not marginal changes in the supply structure of
a market, but cause a discrete shift in equilibrium. To determine the change in elasticity from
e to €* (and, hence, the price effect) it is therefore not sufficient to know the local curvature
around the pre-merger equilibrium. Instead, an exact calibration would require knowledge of the
demand curvature along the transition from old to new equilibrium p — p*.1® In what follows,
we therefore put more structure on demand to permit a quantification of merger effects that is
solely based on pre-merger parameters.

Specifically, we follow Mrazovd and Neary (2017) in denoting a demand function p(x) as

"See, e.g., Miklos-Thal and Shaffer (2021) for a general discussion of the difference between local and global
curvature properties.
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“subconvex” at x if it is less convex at that point than an isoelastic demand function with the
same elasticity. Otherwise, it is called “superconvex”.!6 As noted by Mrazova and Neary (2017),
although superconvexity cannot be ruled out generally, it exhibits properties that are highly
implausible in many settings. First, it implies that the elasticity of demand decreases with price.
This leads to the somewhat pathological property that, as a good becomes more expensive,
alternative products become less close substitutes. Second, the pass-through rate of superconvex
demand functions is often implausibly high.'” Third, superconvexity violates Marshall’s Second
Law of Demand, as pointed out by Dixit and Stiglitz (1977) and Krugman (1979) among others.
In what follows, we therefore focus on subconvex demand functions.!® This allows bounding the

price effects of mergers from above, while solely relying on simple pre-merger variables.

Proposition 4 Consider subconvex demand functions. Then the price effect of a Cournot merger
with constant marginal costs is bounded by

A _
pe(o,ml a >
D n—1—my/s

The following example illustrates the implications of Proposition 4 in a concrete situation.

Example 1 Consider a merger of two out of n =5 firms with no efficiencies, where the smaller
merging firm has a market share of s1 = 10% and a margin of m; = 10%. If demand is subconver,

then the price increase caused by such a merger is bounded from above by 3.3%.

The lower bound of the price effect in Proposition 4 is zero, because the demand function
approaches a rectangular shape if it becomes infinitely concave. Obviously, this extreme case is

not realistic in real-world applications. But also more general concave demand functions have

'5This implies that a demand function exhibiting a constant elasticity of substitution (CES demand) is both
weakly subconvex and weakly superconvex.

"For example, if demand has an elasticity of 1.5, then the monopoly pass-through rate of isoelastic demand
functions is more than 300%.

8Note that this implies relaxing the assumption that demand is log-concave. A sufficient (though not necessary)
condition for firms’ second-order conditions to nonetheless hold is o < 2. At the boundary between subconvex and
superconvex demand, this is equivalent to assuming € > 1.

12



some counter-intuitive properties, which can make their use unappealing in empirical settings.
First, concave demand implies that the density of underlying consumer preferences is increasing
in price. This is often implausible as it implies a “bunching” of consumer preferences around high
valuations. Second, for individual preferences, concave demand violates the standard assumption
of decreasing marginal rates of substitution. Finally, concave demand exhibits very limited
monopoly pass-through (generally below 50%), which appears implausible in many settings.
Accordingly, empirical researchers often discard concave functional forms and instead tend to
focus on weakly convex demand structures (e.g., logit, almost ideal, linear or isoelastic demand).!

The next proposition therefore provides a lower bound for price effects based on subconvex

demand functions that are not concave.

Proposition 5 Consider subconvex demand functions that are not concave. Then the price effect

of a Cournot merger with constant marginal costs is bounded by

A _ _
pe(ml pooomip—p )

p n ‘n—1—my/s
Proposition 5 allows calibrating a lower bound for the price effect of the merger considered

in the previous example.

Example 2 Consider the same setting as in Example 1 (i.e., n =5, p = 0, s = 10% and
m1 = 10%) and assume that demand is not concave. Then the price increase caused by the

merger is bounded from below by 2.0% (and so is between 2.0 and 3.3% overall).

So far we have expressed the price effects of mergers by directly varying the curvature of
demand. However, it is well-known that there is also a direct relationship between demand
curvature and cost pass-through. Specifically, in models with constant marginal costs, a higher
convexity of demand is equivalent to a higher monopoly pass-through rate (e.g., see Weyl and

Fabinger, 2013). This property extends to Cournot oligopoly. As we formally show in the proof of

YFor instance, see Hausman (2003, 2010) who argues that concave demand should typically not be expected in
applied settings. Valletti and Zenger (2021) provide further references.

13



Proposition 6 below, there is a one-to-one mapping between the degree of convexity and the pass-
through rate in Cournot equilibrium. We can therefore express the impact of demand curvature
o on price effects equivalently in terms of the pass-through rate p for cost increases that affect
all n firms. This equivalence is useful for calibration, as in practice, demand curvature tends to
be far more difficult to assess than cost pass-through, which may be observable from prior input
cost changes that affected an industry (see Jaffe and Weyl, 2013, for a discussion).

Of course, as noted above, the effect of a merger not only depends on local curvature (and
hence pass-through) but in principle requires tracing out the transition from p to p*. However,
Jaffe and Weyl (2013) provide an extensive discussion suggesting that, for most practical pur-
poses, it is reasonable to assume that pre- and post-merger curvature are close to one another.
Miller et al. (2016, 2017) and Cheung (2017) provide quantitative evidence for this conjecture
from merger simulations using various standard demand forms. Since constant curvature implies
constant pass-through, it is therefore of particular interest to study demand functions with this
property. This allows tracing out different convexity levels by varying the (assumed or observed)
pre-merger pass-through rate p.

Bulow and Pfleiderer (1983) have shown that in the case of monopoly, a demand function p (x)
exhibits constant pass-through if and only if it belongs to one of the following three specifications:
(i) p(z) = a—p?, (i) p (z) = a—Blnz, and (iii) p (z) = vz~ /), In the proof of Proposition 6,
we show that this property extends to the case of Cournot oligopoly. The first specification is the
power demand function (which, among other, includes linear demand), the second is log-linear
demand, and the third is the CES demand system. Constant pass-through demand therefore
encompasses both concave demands (case (i) with § > 1) and convex demands (case (i) with
d <1, and cases (ii) and (iii)). The following proposition determines the price effects of a merger

in those cases. As it turns out, the solution is independent of the precise demand specification.

Proposition 6 The price effect of a Cournot merger with constant pass-through p over the rel-

evant range is given by Ap/p = (m1 —u)/ (n/p—1).

When demand curvature is approximately constant over the relevant range, the price effect of a

merger can therefore be fully expressed through four simple variables: the number of competitors,

14



the smaller merging firm’s margin, the pre-merger pass-through rate, and the size of merger-
related efficiencies. Moreover, it is easy to show that in cases where pass-through is not constant,
Proposition 6 continues to apply if one replaces p with the average pass-through rate between p
and p*.

When no concrete information on the level of pass-through is available, then the long-run
competitive benchmark of p = 1, which also applies for log-linear demand in oligopoly, may not
be an unreasonable prior. This case corresponds to an intermediate curvature assumption within
the set of subconvex demand functions that are not concave. In the absence of efficiencies, the
price effect of a merger then collapses to the very simple expression Ap/p = my/(n —1). This

result is used in the following continuation of Example 1.

Example 3 Consider the same setting as in Example 1 (i.e., n = 5, p = 0, s;1 = 10% and
my = 10%) and assume that demand exhibits a constant pass-through rate of one. Then the price

increase caused by the merger is given by 2.5%.

Finally, note that price effects can also be expressed through alternative parameter combina-
tions by using (1). E.g., (1) implies that m; = symn, where m = ), m;/n denotes the arithmetic
mean of industry margins. To relate Ap/p more directly to market shares, this expression can
be substituted into Propositions 4 to 6. When demand is linear, for example, one then finds
Ap/p = sym absent efficiencies. This expression captures two important driving forces behind
merger effects in a simple way: A merger will tend to raise prices when both the market share

increment caused by the merger (s1) and firms’ average market power (m) are significant.

4 Applications and extensions

Next, we consider a number of applications and extensions of our model. Section 4.1 shows how
the approach can be used to derive the price effects of entry. Section 4.2 applies the results to
market definition and monopolization. Finally, Section 4.3 compares the price effects of mergers

to measures of price pressure analysis.
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4.1 Entry

A number of authors have considered the effect of entry in Cournot oligopoly (e.g., see Amir and
Lambson, 2000, and Spector, 2003). In terms of strategic incentives, entry is akin to a reverse
merger in our model. We can therefore apply the approach used in the previous sections to derive
the price effects of entry. Specifically, assume that an additional firm ¢ = n+1 is expected to enter
the market. In a slight abuse of notation, let post-entry variables be denoted by an asterisk. The
post-entry equilibrium is then characterized by the n + 1 first order conditions (3).2° Summing
up (3) with g = 0 for all incumbent firms ¢ = 1,...,n, adding s}, ; = (1 — c,41/p*) €, and
rearranging yields
Ap _(eppa/p—1)e—1+¢/e

e (n+1)e —g/e* ' 5)

Assessing the price effects of entry therefore requires knowledge of the efficiency c¢,,4+1 of the new
entrant. Even if ¢,11 is unknown, however, it is possible to benchmark the price effect of entry
by considering whether the entrant is expected to be more or less efficient than some existing
incumbent j. An entrant that is equally efficient as j has ¢,41 = ¢; = pe/ (e — s;) from (1).

Substituting this into (5) and rearranging then yields

Ap  —sj—1+¢/e*

p  (n+l)e—eg/e*

Note that this expression equals (4) except that (i) s; is subtracted rather than s; added (as
there is more, not less, competition post-entry), (ii) u = 0 (as there is no efficiency), and (iii)
n — 1 is replaced by n + 1 (as there is one more independent competitor, rather than one less).?!

Applying the curvature assumptions of Section 3, we then obtain the following results. When
demand is subconvex but not concave (as in Proposition 5), the price effect of an equally efficient

entrant as firm j is bounded by Ap/p € (—=m;/(n+1—m;/s;),—m;/(n+ 2)). Moreover, in

case of a constant pass-through rate (as in Proposition 6), Ap/p = —m;/((n+2) /p—1).

20We assume here that also the post-entry equilibrium is characterized by an interior solution. This is equivalent
to assuming that c,41 is sufficiently small that ¢, ; > 0 and sufficiently large that ¢; >0 fori=1,...,n.

2! The comparison with (4) also shows that, absent efficiencies, the price-reducing effect of entry is generally
smaller (in absolute terms) than the price-increasing effect of a merger, if the same firm j is considered as a
benchmark.
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4.2 Market definition and monopolization

Our approach can also be usefully applied to quantitative market delineation — a key consideration
in competition policy also beyond merger control. A group of products (or “candidate market”)
constitutes an antitrust market if it is the smallest set of products for which a hypothetical
monopolist would find it profitable to impose a “small but significant and non-transitory increase
in price” (SSNIP), usually defined as 5 — 10% (e.g., see Farrell and Shapiro, 2010). If this
hypothetical monopolist test (HMT) is failed for a set of candidate products, then the boundaries
of the candidate market are extended until the test is passed.

Considering whether a hypothetical monopolist over some set of products would have an
incentive to raise price by ¢ percent is equivalent to considering whether a merger of the firms
offering those products would lead to such a price effect. We can therefore apply the approach
used in this paper to delineate antitrust markets.?? Following a hypothetical merger of the n
firms in some candidate market, a hypothetical monopolist would only use the most efficient
technology to produce output (i.e., the technology of the firm with the largest market share).
We denote this firm by k. Post-merger, (3) of course also holds for i = k. Noting that s; =1 in

monopoly and setting p = 0, we can therefore rearrange (4) to obtain

Ap 1 —spe*/e
fo_loausl )

p e*—1

This expression quantifies the price effect of monopolization (or perfect cartelization) in the
Cournot model with constant marginal costs. It therefore has applicability beyond the HMT dis-
cussed here. Setting (6) equal to the desired SSNIP level ¢ then allows deriving concrete threshold
elasticities to implement the HMT for a given set of products. Specifically, for subconvex demand
functions that are not concave (as in Proposition 5), the critical elasticity below which the HMT
is passed is bounded by € € ((1 — si) /2¢, (1 — si) /¢ + 1). In case of a constant pass-through
rate (as in Proposition 6), the critical elasticity is given by € = (1 — sg) /¢ [n (1 —p) /p + 1].

Using concrete values in these formulas reveals that a proper, quantitative market delineation

22Gince the strategic variable in Cournot is output, not price, a hypothetical monopolist would not literally “raise
price” by ¢ percent in our model, but instead restrict output leading to a price increase of that size.

17



tends to lead to much narrower markets than is typically appreciated by antitrust practitioners.??

This is illustrated by the following example.

Example 4 Assume a competition authority considers a SSNIP of 5%, the largest firm in the
candidate market has a share of 30% and demand has a constant pass-through rate of one. Then,
for some outside good to form part of the same market, the group elasticity of the candidate

market must be at least 14.

Demand elasticities as high as required in Example 4 are exceedingly rare in applied settings,
even in seemingly “narrow” candidate markets. This suggests that ad hoc market delineations in
antitrust practice may often be much broader than what an actual HMT would find. The reason
for this is that full cartelization of all firms in a candidate market tends to increase prices far
more strongly than mergers of just two firms. The requirement that a hypothetical monopolist
must raise price by 5 — 10% is therefore not difficult to fulfill even for relatively narrow sets of

products.??

4.3 Price pressure analysis

Competition authorities regularly use price pressure indices such as GUPPIs or CMCRs as a first
approximation for potential merger effects. Among other, this is based on evidence from merger
simulations (e.g., Miller et al., 2017, and Miller and Sheu, 2021) which show that price pres-
sure indices tend to be reasonable (and conservative) predictors of price effects in differentiated
Bertrand competition. Unfortunately, the same is not true for Cournot competition.

Indeed, the results of Section 3 imply that price pressure indices tend to be rather poor
predictors of price changes in Cournot markets. E.g., in case of the CMCR, i = m; from Section
9 25

However, m; is usually by an order of magnitude larger than gross price effects in the

Cournot model. E.g., with linear demand, i1 = n - Ap/p (from Proposition 5). Similarly, with

23Note that in practice, competition authorities often tend to define markets on the basis of indirect evidence
(e.g., product attributes or observed switching patterns) rather than conducting a literal HMT.

24 A potential exception to this can be markets with significant supply-side substitution, where merger-induced
price increases would lead to rapid entry or expansion of potential competitors (analogous to the expansion of
small rivals in Proposition 2).

25 A similar argument applies for GUPPIs.
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log-linear demand, i = (n—1)-Ap/p (from Proposition 6). As a result, in Example 3 the CMCR
equals 10%, whereas the actual price effect is merely 2.5%. CMCRs should therefore only be
interpreted as a measure of critical efficiencies in Cournot models, but not as a quantitative
predictor of possible price effects.

The reason why price pressure indices are such poor predictors of price effects in the Cournot
model is that price pressure is evenly "spread out" to the customers of all n firms in homogenous
goods market. As a result, price increases for customers of the merged entity tend to be compar-
atively smaller, whereas price increases for customers of third parties tend to be correspondingly
larger than is the case in differentiated Bertrand models. For this reason, even seemingly "mod-
erate" price increases can have a significant negative impact on consumers in homogeneous goods

markets.

5 Discussion of constant marginal costs

Our analysis of merger effects has relied on the standard model of Cournot competition with
constant marginal costs. While this is perhaps the most widely used model for assessing mergers
in the literature, it has not been without criticism. In particular, Perry and Porter (1985) show
that with constant marginal cost a merger effectively amounts to a shutdown of the smaller
merging firm. This appears to obscure any notion of firm size or asset transfer. The question
therefore arises under which circumstances Cournot competition with constant marginal costs
provides a reasonable representation of firms’ strategic conduct in homogeneous goods markets.

In our view, constant marginal costs are often not a sensible assumption for short-run repre-
sentations of competition with homogeneous goods. Indeed, in the short-run, firms face capacity
constraints due to fixed capital endowments. Production therefore exhibits increasing marginal
costs as output approaches capacity limits, which is inconsistent with the assumption of con-
stant returns to scale. However, in the short run, producers of homogeneous goods typically
compete in prices (not output) anyway, while taking capacities as given. For this reason, short-
run competition in homogeneous product markets is often better reflected by models such as

Bertrand-Edgeworth competition, where firms strategically compete on price subject to firm-
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specific capacity constraints.?6
As shown by Kreps and Scheinkman’s (1983) seminal contribution, it is instead more sensible
to view Cournot competition as the outcome of a dynamic game in which firms first engage

27 Once one views

in capacity competition and then compete in prices given fixed capacities.
Cournot equilibria as the (steady-state) outcome of a game of long-run capacity competition,
however, the assumption of constant marginal costs becomes far more natural. Indeed, since
capacities are flexible in the long run, decreasing returns to scale due to fixed capital endowments
disappear. Moreover, note that capacity is fully utilized in the second stage pricing game of Kreps
and Scheinkman (1983). From the perspective of first-stage capacity competition, incremental
costs are therefore given by the average total costs of building and operating additional capacity.
Incremental costs in Cournot games thus largely reflect a firm’s ability to expand and run factories
efficiently. In such a context, it is often reasonable to assume that building and operating plant
k + 1 has a similar cost as was the case for plant k. As much of the theoretical literature, we
therefore focus on the canonical Cournot model with constant marginal cost to reflect capacity
competition between heterogeneous firms.

A related point is that a merger in the Cournot model with linear demand and constant
marginal costs may not be profitable without efficiency gains, as shown by Salant et al. (1983).
In the framework of Perry and Porter (1985), which allows for a reduction of production costs
due to improved assets use, merger can lead to efficiencies, which alleviates this problem. This
is also the case in our model, as we explicitly account for potential cost efficiencies that may

arise from a merger. Moreover, as shown by Cheung (1992) and Fauli-Oller (1997), the result of

Salant et al. (1983) no longer holds if demand is sufficiently convex, as considered in our model.

6 Conclusion

This paper has provided a full characterization of the price effects of horizontal mergers in the
Cournot model with heterogeneous firms and constant returns to scale. While it is well-known

that price levels in the Cournot model directly depend industry concentration, we have shown

20Gee Hirata (2009) and Chen and Li (2018) for models of mergers with Bertrand-Edgeworth competition.
*TOsborne and Pitchik (1986), Lepore (2012) and Wu et al. (2012) provide extensions of this result. See also
Davidson and Deneckere (1986) and Montez and Schutz (2020) who point to critical assumptions.
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that the price change brought about by a merger only depends on the number of firms and the
market share increment caused by a merger, but is invariant to the distribution of shares among
other firms (including the larger merging firm). Concentration measures such as the HHI can
therefore be highly misleading indicators of potential price effects of Cournot mergers.

Does this imply that the market shares of the larger merging firm and of non-merging firms
should be ignored in merger analysis? It certainly does not. First, merger control should not only
consider the change in market power brought about by a transaction, but also the level that is
reached. For example, in the EU a merger may be unlawful either because it results in a “signif-
icant impediment to effective competition” (a standard more closely linked to a relative change
in market power) or because it leads to the “creation or strengthening of a dominant position” (a
standard more closely linked to an absolute level of market power).2® When an acquirer already
possesses substantial market power, competition authorities may therefore challenge a merger
even if the incremental effect brought about by the transaction is modest. As is evident from
equation (2), the HHI can be a very useful indicator for the level of market power in such cases.

Second, our analysis focused on unilateral price effects. However, a merger may also cause
coordinated effects by affecting firms’ ability to collude. Since collusion is usually easier to sustain
with a smaller number of firms and may also depend on the concentration of firms outside the
merger, HHI levels may be an indicator for the risk of coordinated effects.?’

Finally, and perhaps most importantly, Cournot equilibria reflect the outcome of long-run
capacity competition. In the short-run, however, firms’ capacities are fixed. For this reason,
the short-run gains in market power caused by a merger are likely to be much better reflected
by traditional market share measures such as the HHI, since mergers transfer assets that tend
to be proportional to firm size.®* The proper approach toward assessing homogeneous goods
mergers in antitrust practice therefore crucially depends on whether the theory of harm concerns

short-run price competition (with a given set of assets) or whether it concerns long-run capacity

28Gee the European Commission’s Horizontal Merger Guidelines, para. 1. Also U.S. merger control considers both
the level and increment in market concentration caused by a merger. See the U.S. Horizontal Merger Guidelines,
p.- 18.

29 As noted by Nocke and Whinston (2021), however, there is as of yet no general theory of how precisely the
HHI affects possible coordinated effects arising from a merger.

30The same is true for models of short-run price competition in models where diversion is proportional to market
shares (see Nocke and Whinston, 2021).
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competition (with endogenous capital levels).

22



Appendix

Proof of Proposition 1

The right-hand side of (4) depends on n, s1, i, €, and £/£*. The first 3 variables are parameters
and the fourth, due to (1), can be fully characterized by s; and m;. We now show that the fifth
variable €/¢* only depends on e, Ap/p, and the average demand curvature when moving from
pre-merger equilibrium « to the post-merger equilibrium z*. Let us denote the demand curvature
by o(x) = —zp”(x)/p'(z). Starting from any aggregate quantity, a marginal change in price leads
to

ge 9 (_£> z(p)° —p @ +xp") 1+ (1—o)e

ap 7 22 (p)? a zp'
Using this equation, we obtain

35:_<W> (72') :(1+(1—a)a)7;/.

€ Tp

Therefore, at any x, a marginal change in € only depends on the elasticity itself, the demand
curvature, and the relative price change. As a consequence, in the transition from the per-merger
to the post-merger equilibrium, the change in the elasticity, and therefore £/¢* only depends on
these variables. It follows that Ap/p depends on n, s1, u, €, and the average demand curvature.

As none of these variables depend on ss, ..., s, the result of the proposition follows. H

Proof of Proposition 2

The denominator of the right-hand side of (4) goes to infinity if n — 0o, given that all other
variables stay bounded. It follows that Ap/p — 0 in this case. It remains to establish that all
other variables indeed stay bounded. First, for Ap/p — 0, we have e¢* — ¢ as p* — p. To show
the boundedness of €, we note that if € would not be 0 or oo, no interior equilibrium would exist.
This can be seen from (1). If ¢ = 0, the market share of all firms would be zero, which is not
possible, whereas for ¢ — 0o, m; = 0 for all firms, which is not possible due to the fact that firms
have heterogeneous marginal costs. Because s; € (0,1) and i € [0, c2/p], these variables are also
bounded. Finally, due to the boundedness of s1, u, €, and €*, all variables stay bounded after a

merger. Therefore, Ap/p # 0 is not possible if n — co. W
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Proof of Proposition 3

From (1), we have s¥ = mfsk fori,j =1,2 and k = A, B. We therefore have

i

k k
d= ™)
sk mk

J J

fori,j =1,2 and k = A, B. As above, ¢; < ¢; implies s¥ > s;? for k = A, B. From (7), we have

wopa ®)
sk ph—c;’
J 7
which implies that
k k
s¥e; — sie;
k v ] J
P= 9)
i j
Using (13), p* > p® then implies
sB g4
4>
B —
S 55

if and only if ¢; < ¢j. Therefore, market shares in the strong market are compressed: while the
ordering of firm sizes is identical across markets, larger firms have relatively smaller shares in the
strong market.

We next show that this implies that the HHI in market A is smaller than in market B. The
HHI in market k is given by H* = >y (sf)z. Suppose that in market [ shares are compressed
relative to market k& while their relative ordering is maintained. This means that, if sﬁ < sf , then
there must be some j such that sé- < sé for which sé- > S;C. In example, higher market shares
are reduced and thus lower market shares are proportionally increased (with changed increments
possibly distributed over several products below, respectively above).

Now consider an arbitrary marginal reduction of a “higher” market share sy by increment

A that increases some “lower” market share sy, by A (while sg > sy, remains true since A — 0).

This marginal compression affects the HHI as follows:

OH
97 _AA 4 2(sp, —
3 +2(sp, —su) <0

Since the total compression of shares can be viewed as a sequence such marginal compressions,
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we must therefore have that H4 < HB.
As shown in Section 2, the critical efficiency required to maintain prices at pre-merger levels

is 4 = my. Since m‘f‘ > mP, the proposition follows. W

Proof of Proposition 4

The upper bound of a subconvex demand function is the CES demand function, which implies
¢* = e. Using this in (5) yields Ap/p=(s1 —pue)/(n—1)e—1)=(m1—pn)/(n—1—my/s1),
where the last inequality results from (2).

Instead, the lower bound of a subconvex demand function is a demand function that becomes
infinitely concave, that is p”(x) — —oo. This is equivalent to approaching a rectangular demand
function, which implies that the price is unchanged after a merger; hence Ap/p — 0.

Finally, we show that Ap/p must be between these two bounds for subconvex demand func-
tions. To do so, we will show that Ap/p is strictly increasing in o if m; > u (i.e., Ap/p > 0
at the upper bound) and Ap/p is strictly decreasing in o if m; < p (i.e., Ap/p < 0 at the
upper bound). As is evident from (5), a change in o affects Ap/p because it has an effect on the
change in elasticities from pre-merger to post-merger. Taking the derivative of (5) with respect
to e* yields , d(Ap/p) /de* = —[(n—1) (p* — 1) + (1 — s1) Je] /[(n — 1) * — 1] < 0. In addition,
from the definition of €, we have de/dx = —[1 +¢(1 —0)] /z. Thus, de/dx < 0 if and only if
o < (1+¢) /e, that is, if p(z) is subconvex. It follows that 0%c/dx00 = ¢/z > 0.

Consider first the case p < mq, which implies that a merger reduces the equilibrium quantity
and increases the equilibrium price at the upper bound. Due to the result that 9%c/9xd0 > 0, an
increase in o diminishes the increase in the post-merger elasticity £*. Because d (Ap/p) /de* <
0, an increase o therefore increases Ap/p (i.e., d(Ap/p) /do > 0). Second, consider the case
W > myp—i.e., a merger increases the equilibrium quantity and lowers the equilibrium price at
the upper bound. Then, because d%c/0xdc > 0, an increase in ¢ raises the increase in the
post-merger elasticity €*. Due to the fact that d (Ap/p) /de* < 0, an increase o must therefore
lead to a reduction in Ap/p (i.e., d(Ap/p) /do < 0). It follows that Ap/p is never outside the

value of the upper and the lower bound. l

Proof of Proposition 5
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The upper bound was determined in the previous proposition. We now determine the lower
bound. Subconvex demand that is not concave is bounded from below by the linear demand
p(z) = a — Bx. In case of linear demand, note that ¢ = p/ (o — p). Solving for a yields

a =p(1l+e¢)/e. Substituting this into the post-merger expression of £*, we obtain

_ p*
ey 1o

Substituting (10) into (4) and rearranging gives p*/p — 1 = (s1/e — p) /n = (m1 — p) /n, where

the last equality follows from (1). B

Proof of Proposition 6
We first determine the pass-through rate in our model with n firms. Summing (1) for all
i = 1,...,n and rearranging yields p (z) — ¢ + zp’ (x) /n = 0, where ¢ = Y | ¢;/n denotes the

arithmetic mean of firms’ incremental costs. Using the implicit function theorem, we thus have

dzx 1 n

de  p(x)n+1-o(z)

Noting that p(z) = (dp/dz) (dz/dc) yields that the pass-through rate is given by

n

p(x):n—i—l—a(x)'

(11)

We now turn to demand functions that exhibit a constant pass-through rate. As shown by
Bulow and Pfleiderer (1983), demand with constant pass-through can be of three types in the
case of monopoly: (i) p(z) = a — 20, (ii) p(x) = o — Blnz, and (iii) p (z) = y2~ /). From
(11), it follows that p =n/(n — 14 1/p,,), where p;; denotes the monopoly pass-through rate.
This implies that any demand function p () with constant monopoly pass-through p,, (x) = py,
must also exhibit constant oligopoly pass-through p (z) = p, and conversely. We can therefore
focus on the three types of demand functions.

In case (i), it is easy to show that ¢ = p/ [(aw — p) 0]. Solving for « then gives o = p (1 + 1/0d¢).
Substituting this into the post-merger expression of ¢* yields ¢* = p*/ [0 (p — p*) + p/e]. Since

o = ¢ for the demand function in case (i), pass-through is p = n/(n+¢). Solving for § and
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substituting into €*, we obtain after rearranging

. p*
BRIy -

Substituting (12) into (4), using (1), and rearranging yields Ap/p = (m1 —p) / (n/p —1).
In case (ii), e* = 0p* and so €* = ep*/p. Substituting this into (4) and using (1), we obtain
Ap/p=(m1—p)/(n—1). Since p =1 in this case, (m1 —u) /(n/p—1) = (m1 —pu) /(n —1).
Finally, we turn the demand function of case (iii). With this demand function, the elasticity

¢ is a constant, which implies de/0x = 0. This is equivalent to

Inserting this into o(x) = —zp”(x)/p'(z) and rearranging yields o(z) = 1/e + 1. Using this in
(11), we obtain

L_nk=1) (13)

£ p
As a constant elasticity implies Ap/p = (m; —p) / (n — 1 —1/¢), we can use (13) to get Ap/p =

(m1— )/ (n/p—1). M
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