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1 Introduction

The competitive effects of horizontal mergers are one of the most important issues in
antitrust policy. Both U.S. and EU competition authorities conduct hundreds of merger
reviews every year, and a considerable number of transactions are prohibited, litigated,
or require 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 with ho-
mogenous goods is perhaps the most widely used model to analyze the competitive
effects of horizontal mergers. In practice, many mergers indeed take place in indus-
tries with homogeneous goods, where capacity competition is a central feature of the
competitive process. For instance, the merger between Tronox and Cristal, two sup-
pliers of white pigment, was investigated by both U.S. and EU authorities and led to
significant divestitures. In its investigation, the Federal Trade Commission used a cal-
ibrated Cournot model to analyze the transaction.?

Due to the prominence of the Cournot model, several important insights for an-
titrust policy have been derived from it. For instance, Farrell and Shapiro’s (1990)
seminal analysis provides sufficient conditions for mergers to increase prices or de-
crease 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 efficiencies when firms can choose which merger to propose. Johnson and
Rhodes (2021) show that with quality differentiation, a merger can increase consumer
surplus even absent efficiencies due to a change in the product mix. Finally, Nocke
and Whinston (2022) demonstrate that the change in the Herfindahl-Hirschman index
(HHI) brought about by a merger is far more informative than its absolute level for
assessing whether a transaction will 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 price effects of Cournot mergers—the question that
competition authorities are typically confronted with. Indeed, practically all antitrust
laws require some showing of “material effects” for mergers to be challenged. There-
fore, 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

1See 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.

*Nocke (2022) provides an excellent survey of the literature on horizontal mergers.



topic of this paper.

We consider the standard Cournot model with general demand and heterogeneous
firms. As much of the literature (e.g., Nocke and Whinston, 2010, 2013, 2022; Spiegel,
2021; Condorelli and Szentes, 2022), we focus on the case of constant marginal costs.
Within this classic 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). Accordingly, both the
U.S. and EU Merger Guidelines emphasize concentration indices such as market shares
and HHIs as the primary tools for assessing the likely competitive effects of horizontal
mergers. E.g., the new U.S. Merger Guidelines rely strongly on structural presump-
tions and lowered the applicable concentration thresholds above which mergers are
presumed to harm competition compared to its predecessors.*

The economic literature contains several results that support the use of concentra-
tion measures for assessing the level of market power in Cournot markets. For example,
Cowling and Waterson (1976) show that Cournot equilibria exhibit a direct relationship
between the HHI and the size of firms” markups. Spiegel (2021) demonstrates that HHI
levels also reflect the ratio between producer and consumer surplus. However, relying
on pre-merger concentration measures for gauging the change in market power caused
by a merger can lead to erroneous predictions and often has no basis in economic the-
ory, as pointed out by Farrell and Shapiro (1990) and Nocke and Whinston (2022). This
is because competitive effects are strongly influenced by post-merger changes in mar-
ket shares and other variables. These changes, however, are unknown pre-transaction.
One objective of our paper is therefore to derive expressions for price effects that solely
rely on pre-merger parameters.

In this spirit, our paper makes the following contributions. First, we show that the
price change brought about by a merger only depends on the smaller merging firm’s
market share and the number of firms but is invariant to the distribution of shares
among other firms, including the larger merging firm.”> This implies that the increase
of market prices caused by (say) a 20 + 10% merger is equally problematic as that of
a 30 + 10% merger in the same market. Pre-merger concentration levels may there-

fore provide only limited guidance for evaluating the competitive effects of Cournot

4See Guideline 1 of the Merger Guidelines, available at https://www.justice.gov/atr/2023-merger-
guidelines.

°In case potential efficiency gains from a merger apply only to the firm that is smaller pre-merger but
may become the more efficient firm post-merger, then, in the same spirit, the price change of the merger
depends only on the market share of the firm that is less efficient post-merger and the number of firms.



mergers.

Second, we find that when demand varies across markets or time, there is a negative
relationship between market concentration and anticompetitive merger effects. More
specifically, when merging firms compete in different geographic areas or when market
conditions within the same market change over time, then merger effects are more pro-
nounced in environments with less concentration. As we explain below, these results
are in appreciable contrast to some of the policy prescriptions the Merger Guidelines
provide for homogeneous goods markets.

Third, we show that the difference between the cost efficiencies needed to prevent
a price increase and the price effect of a merger without efficiency gains is substan-
tial. Specifically, the required efficiencies exceed the price effects of a merger by a
factor of more than n — 1, where n is the number of firms. Thus, the use of compen-
sating marginal cost reductions (CMCRs) as a first approximation for price effects—
while widespread in differentiated Bertrand settings—is not appropriate in markets
with Cournot competition.

Fourth, we demonstrate that the price effects of Cournot mergers are generally
determined by five parameters: (i) the number of firms, (ii) the market share of the
smaller merging firm, (iii) the efficiencies brought about by the merger, (iv) the pre-
merger elasticity of demand, and (v) the change in elasticity caused by the merger. The
tirst four of these variables can either be directly observed or inferred from observ-
able parameters. The only variable that is unobservable ex-ante is the merger-induced
change in elasticity. Even so, we show that price effects can be approximated and
bounded under mild assumptions on demand curvature or information on the pre-
merger pass-through rate. Accordingly, we provide a quantification of price effects
by deriving simple—yet general—closed-form solutions that rely only on pre-merger
variables.

Fifth, we analyze the effect of mergers in settings where firms not only have market
power in the output market but also in the input market. This situation has received
considerable attention recently in the debate whether labor markets should be assessed
in competition policy (e.g., see Manning, 2011, and Berger et al., 2025). We show that
similar insights as in the standard Cournot model also hold in that case—e.g., only the
market share of the smaller merging firm determines input price effects. In addition,
the importance of efficiency gains is diminished. Interestingly, we also find that the
combination of oligopolistic and oligopsonistic market power does not necessarily in-
crease merger effects but can also dampen them, even substantially, compared to the
case with market power in only one of the two layers.

Finally, we show that many of our main insights extend beyond homogeneous

Cournot competition but are somewhat less extreme. Considering both Cournot and



Bertrand competition with differentiated goods, we find that—although the market
shares of all firms may matter for merger effects—the market share of the smaller
merging firm continues to be most significant for merger effects. Moreover, the nega-
tive relation between market concentration and anticompetitive effects when demand
conditions differ also holds with differentiated goods.

The structure of the paper is as follows. Section 2 considers the general competi-
tive effects of Cournot mergers. Section 3 quantifies price effects based on different as-
sumptions on demand curvature or the pre-merger pass-through rate. Section 4 studies
merger effects in case firms have market power in output and input markets and as-
sesses the implications of merger remedies. Section 5 analyzes how our results extend
to competition with differentiated goods. Section 6 discusses the relationship of our
results to the U.S. Merger Guidelines. Finally, Section 7 concludes. The proofs of the
propositions of Sections 2 and 3 are in the Appendix. The Online Appendix contains
the proofs of the propositions of Sections 4 and 5 (Online Appendix A) and several

extensions (Online Appendices B - G).

2 Price effects of Cournot mergers

Model and pre-merger equilibrium. There are n firms i = 1, ...,n with constant but
potentially heterogeneous marginal costs ¢; > 0.° Each firm i chooses its quantity z; of a
homogeneous good. Inverse demand is given by p(z), where x = )" | z; is aggregate
output and p is price, with p’ (z) < 0 for all + > 0. Following the literature (e.g.,
Novshek, 1985; Nocke and Whinston, 2010, 2013, 2022), we assume p’ (z) + xp” (z) <
0 and lim, ,. p(z) = 0 to ensure existence and uniqueness of an equilibrium.” We
consider interior equilibria such that the same set of firms are active pre- and post-
merger (i.e., there is no entry or exit).?

The profit of firm i is given by 7; (z) = z; (p () — ¢;). The pre-merger equilibrium
is then characterized by the n first-order conditions p (z) — ¢; + x;p' () =0,i =1, ..., n.
Using the definitions s; = z;/x for firm i’s market share, m; = (p — ¢;) /p for firm i’s
margin, and ¢ = —p (z) /zp’ (x) for the market elasticity of demand, these conditions
can be written as

si=mue, 1=1,...,n. (1)

This equation implies that s; > s; if and only if ¢; < ¢;. Multiplying (1) by s; on

®We analyze the case of increasing marginal costs in Online Appendix B.

"The first part of this assumption implies that quantities are strategic substitutes and that the elastic-
ity of demand is falling in 2. We relax this assumption in some examples and in Section 3 to allow for
the possibility of log-convex demand.

8In the analysis of “Merger-induced entry and exit” below, we show that our qualitative results also
apply to the case where the number of firms differs pre- and post-merger.



both sides and summing up over all n, one obtains the well-known result that in equi-
librium, the HHI equals the average industry margin times the elasticity of demand—
ie., H=me, where H ="  s?isthe HHland m = ) | s;m; is the share-weighted
industry margin. Historically, this equation has been a key result that helped promote
the widespread use of the HHI in antitrust analysis, as it reveals a direct relation be-
tween concentration (as measured by the HHI) and market power (as measured by

margins).’

Merger effects and the impact of concentration. Consider a merger of firms 1 and
2. Without loss of generality, let ¢c; < ¢; and so s; > s;. The merger may give rise
to an efficiency gain that reduces the marginal cost by e > 0, with e < ¢.!° Because
firm 2 is the more efficient firm, the merged entity will produce with the technology
of firm 2.1 Denoting post-merger variables by an asterisk, post-merger marginal costs
are therefore ¢ = ¢, — e for the merged entity and ¢} = ¢; for competitorsi = 3, ..., n.

As shown, e.g., by Farell and Shapiro (1990), 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 (Nocke and Whinston,
2010). Profitable mergers can therefore increase or decrease prices.'?

To study the determinants and extent of the price change caused by a merger, we
now consider the post-merger equilibrium, which is given by the n — 1 first-order con-
ditions s} = mjc*. Rewriting (1) as ¢; = p(1 — s;/¢) for all i and denoting the size of
the efficiency gain as a percentage of price by u = e/p, the first-order condition of the

merged entity can be written as

p 52
So { » - 2 } € (2)
and the first-order conditions of non-merging firms are given by
s; = [1—2(1—ﬁ>] e, i=3,...,n. 3)
p* €

9The result was first shown by Cowling and Waterson (1976, equation (10) on p. 268). Subsequently,
the HHI was introduced in the 1982 U.S. Merger Guidelines and later in the guidelines of many other
jurisdictions.

Tn Online Appendix C, we show that most of our results continue to hold in the case where e en-
dogenously depends on the pre-merger costs of the merged entity.

This implies that the efficiency gain can be realized by using the technology of either of the merging
firms, and the merged entity uses the technology of the firm with the lower marginal cost. Below, we also
consider the situation in which the efficiencies are firm-specific and, e.g., due to technological reasons,
can be implemented only via one firm—i.e., either 1 or 2.

12We consider the profitability of mergers in more detail in Online Appendix D. There, we illustrate
that even absent efficiencies, Cournot mergers are profitable for wide parameter ranges.



These equations allow us to relate pre-merger to post-merger market shares and there-
fore determine the impact of concentration on the price change induced by a merger.
Denoting by Ap/p = (p* — p) /p the (relative) price effect caused by a merger, we obtain

the following result:

Proposition 1 Consider a market with pre-merger equilibrium x. Then, the price effect of a

merger (omitting arguments) is given by

Ap  si—1+e/e" —pe
p  (n—1)e—g/e*

4)

This price change is independent of the distribution of market shares s, ..., s,, (i.e., the market

shares of the larger merging firm and the non-merging firms).

As noted above, there is a direct link between price level and the concentration in
the Cournot model (as expressed by the formula H = me). Even so, Proposition 1
shows that the price change brought about by a merger only depends on the number
of firms n and the market share increment s;, but is independent of the distribution of
other market shares.

To see this, consider a market with pre-merger equilibrium z. From (4), only the
market share s, directly affects the price change caused by a merger. Yet, several other
variables in (4)—i.e., ¢, ¥, and p—are endogenous since ¢ and ;. depend on z and &*
depends on z*. However, as we show in the proof of Proposition 1, these variables are
invariant to a permutation of market shares among firms 2 to n.

More specifically, the pre-merger equilibrium z is determined by the sum of firms’
marginal costs ) . ¢;, but does not depend on how ). ¢; is distributed among the n
firms. Since differences in firms’ market shares can only arise due to differences in their
marginal costs, the distribution of market shares is determined by the distribution of
marginal costs over the n firms. But since the variables ¢ and ;. are a function of x and
the variable * is a function of z*, where z and 2* only depend on > """  ¢;and > ", ¢;—e,
respectively, they are unaffected by permutations in ¢, ..., ¢, that leave ) . ¢; constant.
As a result, they are also unaffected by the distribution of s,, ..., s,,.

The size of s;, on the other hand, does have an impact on the post-merger price
p*. To see this, assume that ¢; was changed by some amount A such that > | ¢; is
held constant. This implies that > , ¢; must change by the opposite amount —A.
As a result, also post-merger costs » . ,c; = Y ., ¢; — e would change by —A, and,
hence, the post-merger equilibrium z* would change as well. Therefore, while (4) is
independent of s, ..., s, it does depend on s;.

We can illustrate Proposition 1 with two widely-used demand functions: the power
demand function p(z) = o — 8z°, with a > 0, 8 > 0, and 6§ > 0, and the CES demand

6



function p(z) = #/2°, with 8 > 0and 0 < § < (n — 1). We obtain®®

Ap _ sind (o —¢) — p(ad + ne) and Ap  si0—up

P (n—1+49) (ad + ne) p n—1-4¢

for the power demand function and the CES demand function, respectively, where ¢ =
(Z?Zl cj> /n is the average marginal cost in the industry. For both demand functions,
only the market share of firm 1 is relevant for Ap/p. In addition, Ap/p also depends on
the average marginal cost."* However, because a permutation of firms’ marginal costs
does not affect ¢, it also does not change Ap/p.°

It follows that Ap/p is not only unaffected by the distribution of shares among
outsiders, but also by the size of the larger merging firm. Put differently, the price
increase caused by (say) a 20 + 10% merger is equally problematic as that of a 30 + 10%
merger 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 cautioned against an overreliance of merger
control on HHIs computed with pre-merger shares as market shares may change ma-
terially post-transaction. In a comment on their paper, Werden (1991) defends their
use by noting that “[t]he post-merger 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 impact on price effects in the Cournot model
with constant marginal costs: n and s;. 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 merger effects.

As it turns out, from (4), the price effect of a merger is contingent on the number
of market participants n instead of their shares. Small players can therefore be consid-
erably more important in preventing price increases in the Cournot model than their
(possibly limited) market shares may suggest. Indeed, (4) implies that a sufficiently
large number of competitors can prevent material price increases even if the market
shares of both merging parties are high.

The intuition for this result is as follows. Suppose there is a large number of com-
petitors whose combined market share is small. This means they have marginal costs
only slightly below p. While these companies may not affect the pre-merger equilib-
rium p to a significant extent, they are far from irrelevant for the post-merger equi-

librium p*. Indeed, if the market price were to increase, then these firms would be

3The derivations are shown in Online Appendix E.

4This holds for both demand functions as ;1 = e/p, and p depends on ¢.

1>We note that this does not imply that any increase or decrease in the costs of firms 2, ...,n leaves
Ap/punchanged. If such an increase or decrease affects the average costs ¢, it also affects the percentage
price change. However, such changes do not constitute a permutation of market shares as a change in ¢
would alter the pre-merger equilibrium z.



in a position to profitably expand their output to compete for incremental sales. A
material price increase is therefore not possible even if these non-merging firms are
“small” in the pre-merger equilibrium. Again, this implies that standard pre-merger
concentration measures that put more weight on larger firms can be rather misleading
indicators for merger effects in the Cournot model; instead, the total number of firms

is important.

Merger-induced entry and exit. So far, we have focused on the situation where
the number of firms is identical in the pre- and post-merger equilibrium. Recent work
by Caradonna et al. (2024) and Ramos and Wollmann (2024) assesses merger-induced
entry and exit. Specifically, Caradonna et al. (2024) analyze whether an otherwise an-
ticompetitive merger can become competitively neutral as a result of merger-induced
entry, whereas Ramos and Wollmann (2024) study whether an otherwise pro-competitive
merger can become anticompetitive as a result of merger-induced exit. As our interest,
instead, is in price effects, we now determine how (4) needs to be adjusted if entry and
exit are taken into account.

To study this, suppose that the number of firms is not fixed at n. Instead, there is
a potential competitor, denoted by n + 1, with marginal cost c,,+1, where ¢, exceeds
the pre-merger equilibrium price p. Le., the potential entrant is not active pre-merger.
However, if the merger leads to a price increase such that the post-merger price p*
exceeds c,1, the potential competitor will become active as a result of the merger.
Similarly, suppose firm k is the firm with the highest marginal cost among the non-
merging firms 3, ..., n. This firm is active pre-merger. However, if the merger leads to
a price decrease, then the post-merger equilibrium price p* may fall below ¢, in which
case firm £ will no longer remain active.

Taking these entry and exit effects into account, we obtain the following result for

the price change:'®

Proposition 2 The percentage price change caused by a merger that leads to entry of firm n+1
is given by
Bp _si—l+e/e' —pe— (1= cun/p)e -

p ne —e/e*

Instead, the percentage price change caused by a merger that leads to exit of firm k is given by

%_sl—l—sk—l%—s/a*—us
p (n—2)e—¢e/er

(6)

These two equations show how (4) needs to be modified to account for merger-

induced entry and exit. A number of observations are in order.

16The proof proceeds along the same lines as the first part of the proof of Proposition 1 and is therefore
omitted.



First, both equations show that the main insights from Proposition 1 continue to
hold as both formulas have a similar structure as (4). In case of merger-induced entry,
by the same argument as in Proposition 1, only the market share of the smaller merging
firm matters for price effects. In case of merger-induced exit, the market share of the
exiting firm also matters. This is intuitive, since a merger has the same effect as an exit
of the less efficient merging firm. As a result, Ap/p depends on the market share of
the exiting firm in the same way as on the share of the smaller, and hence less efficient,
merging firm.

Second, in both equations (5) and (6), the new terms only depend on pre-merger
variables. This is natural in case of (6), as only the pre-merger market share of the
exiting firm is added since that firm is no longer active after the merger. Instead, in the
case of entry, this is less obvious, as firm n 4 1 enters only if its marginal cost is below
the post-merger equilibrium price. However, from (5), the new term in the numerator—
i.e., (chq1/p — 1) e—is independent of post-merger variables. This is because the pre-
merger price and the pre-merger elasticity are sufficient to determine how entry of a
firm with cost ¢, 1; will soften the price increase resulting from the merger. This result
is helpful for calibration of merger effects in practice. As we discuss in detail in Section
3, the only variable that is unknown pre-merger in (4) is the post-merger elasticity ¢*.
Proposition 2 shows that this holds even when accounting for entry and exit.

Third, both entry and exit soften the direct price effect caused by the merger. How-
ever, they cannot overturn it. This is because entry only occurs if the direct effect on
price is an increase, whereas exit only occurs if the direct effect on price is a decrease.!”
Therefore, the right-hand side of (5) is positive whereas that of (6) is negative. In (5),
the softened price effect manifests itself in the last term of the numerator (which is
negative as ¢,+1/p < 1) and in the first term of the denominator (which is a multiple
of n instead of n — 1). Instead, in (6), the price effect is softened because two of the
pre-merger firms are no longer active post-merger, which implies that the first term in
the numerator is s; + s; instead of s; and the first term of the denominator is a multiple
of n —2.18

Finally, we note that (6) can be easily generalized to the case in which more than

one firm exits. Suppose firms k, .., ¢ exit after the merger. Then, Ap/p is

Ap  s14+ Yoy —L+e/et —pe

P n—l-(—kt1)e—c/e @)

7For a general analysis of entry incentives under Cournot competition, see Spector (2003).

8The result that the direct price effect always dominates the effect of exit depends on firms’ cost
structure. In our case, firms only incur variable costs. Instead, as shown by Ramos and Wollmann
(2024), if firms also incur fixed costs, a firm may exit even if the price reduction resulting from a merger is
relatively small, which implies that an otherwise procompetitive merger may reduce consumer welfare.



As a merger implies that only the production technology of the most efficient merging
firm is used, the above formula can also be used to characterize the price effect of a
merger of multiple firms—e.g., firms 1, ..., m—where firm m is the firm with the lowest
marginal cost among the merging firms. In that case, the price effect of a merger is
given by (7), where the first two terms in the numerator are replaced by Z;”:_ll s; and

the term in parentheses in the denominator is replaced by n — (m — 1).

Merger effects under different market conditions. The potentially misleading
nature of concentration measures in the Cournot model is particularly striking when
considering the effect of a merger under different market conditions. Different market
environments can arise either because a merger affects several markets with different
demand conditions (with the same set of firms being active in the respective markets)
or due to changes in demand within the same market (e.g., because of a shock on de-
mand arising, for instance, from changes in markets for substitutes or complements, a
change in fashion, or a pandemic). To simplify the exposition, we focus our explana-
tions on the former case. However, all results apply to both scenarios.

Suppose, as in the canonical model of third-degree price discrimination (e.g., Stole,
2007), that the n firms sell their output in two separate geographic markets A and
B with no resale (e.g., competing airlines that choose plane capacities for different
routes). The inverse demand functions in the two markets are given by p* (xA) and
p? (z?), where superscripts A, B denote the market in question. As the same firms are
active in A and B, the two markets differ only with respect to their demand functions.
Since production exhibits constant returns to scale, firms’ maximization problems for
each market are separable. As the demand functions in A and B can be different,
equilibrium prices and quantities will generically also differ—as will market shares
and concentration levels.

We can then compare the efficiency gains that a merger would have to generate to
avoid an anticompetitive effect in each market. In the literature, this efficiency gain is
typically called compensating marginal cost reduction (CMCR) (Farrell and Shapiro,
1990; Froeb and Werden, 1998) or the efficiency gain that renders a merger consumer
surplus neutral (Nocke and Whinston, 2010, 2022). Such a merger implies p* = p.
Because ¢* = ¢ when p* = p, we obtain from (4) that a merger increases prices unless
p > o= si/e. The cost efficiencies required to overcome anticompetitive effects in
market i € {A, B} are therefore ji" = s/e". One might conjecture that the market
with higher concentration will be characterized by higher markups pre-merger and
requires larger efficiencies to prevent a price increase post-merger. Yet, the following

proposition shows that the exact opposite is the case.
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Proposition 3 Assume firms compete in two separate markets. Then, the equilibrium price is
higher in the market with the lower HHI. As a result, the CMCR required to prevent a price

increase from a merger is larger in the market with the lower HHI.

We note that this result is fully general and does not depend on the shape of de-
mand or the distribution of firms’ costs. The intuition is as follows."”” Without loss of
generality, let the equilibrium price be higher in market A than in market 5. Therefore,
also each firm’s markup is higher in A than in B. Now consider two firms ¢ and j with
¢; < ¢;j. As firm ¢ is more efficient than j, it has larger sales in both markets. As a
result, firm ¢ has a stronger incentive to limit output expansion to protect high price
levels since its losses on infra-marginal units are larger than firm j’s. However, firm
i’s stronger incentive to withhold quantities is relatively more pronounced in market
A than in B, since the markup in market A is larger. Therefore, larger firms have rel-
atively lower market shares in market A than in B, whereas the opposite holds for
smaller firms. In other words, differences in marginal costs translate into relatively
smaller differences in market shares in markets that are characterized by higher de-
mand. Therefore, because market shares in market A are compressed relative to those
in market B, the HHI in market A is lower than in B, even though the equilibrium
price is higher in market A.

Now consider a merger between firms 1 and 2. Using (1), the critical efficiencies
" = st /e are equal to m?, h € {A, B}, that is, they are equal to the respective mar-
gin of the smaller merging firm in both markets. Since mi' > m¥?, however, we must
also have i > . In summary, in a cross-section of markets, mergers are more prob-
lematic in less concentrated markets. Moreover, prices are negatively correlated with
concentration across markets.?

To illustrate the result of Proposition 3, consider again the power demand function

p(xr) = a — B2°. The equilibrium price and the critical efficiencies are, respectively,

_ad+nc _n(€—c)+6(a—c)
P= Ty e stn

It is easy to check that both are increasing in o and ¢. With respect to the demand in-
tercept a, this implies that if we consider two markets with different demand intercept
(or if demand conditions in the same market change so that the intercept increases), the

equilibrium price and the critical efficiencies are larger in the market with the larger

YIn case of changing market conditions in the same market, a similar interpretation as in Proposition
3 applies: E.g., a positive demand shock that increases price leads to a lower HHI. As a result, the critical
efficiencies are larger after the shock although the HHI is smaller.

“Note that these results hold regardless of whether p? (z) is always below p* (z#) or whether
there are intersections between the two curves. The only measure of interest is the comparison of the
pre-merger equilibrium prices.
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intercept (or after the increase in demand). The same holds true if the inverse demand
becomes more concave—i.e., § increases—as this implies that there are relatively more
consumers with high valuations.

The HHI is given by

=y ()

j=1
Taking the derivative with respect to o and § and simplifying then yields

n

> () n) (n+ 6)? (Z (¢))? - n> (n+9)
OHHI _ <g:1 g oHHL S

Ja n?d%(a —¢)3 o) nd3(a — ¢)? ’

respectively. Using the definition of ¢, the sign of these terms depends on the sign
of — (Z;;l (¢;)° — — D1 G2y G n> This is zero if and only if ¢; is the same for
all j = 1,...,n but strictly negative otherwise. Therefore, unless firms are symmetric,
the HHI falls if the demand intercept or the concavity of the inverse demand function
increase—i.e, the HHI changes in the opposite direction as the price and the efficiencies
that render a merger consumer surplus neutral.

Previous literature has also studied the relation between the HHI and either equi-
librium prices or critical efficiencies. For instance, Miller et al. (2002) illustrate with the
help of examples that markets with the same demand conditions and the same HHI
can have different equilibrium prices because aggregate marginal costs and the distri-
bution of marginal costs among firms may differ. Nocke and Whinston (2002) show
that a sum-preserving spread of the merging firms” market shares (i.e., an increase in
the share of the larger merging firm and a fall in the share of the smaller merging firm
that keeps the sum constant) lowers critical efficiencies. However, these results are
distinct from ours. Miller et al. (2022) compare markets where different firms are ac-
tive and Nocke and Whinston (2022) compare mergers with different merging firms.
Instead, we show that if the same set of firms is active with unchanged costs, markets
with a lower HHI are generally associated with higher markups and more pronounced
merger effects.”!

This result underlines the difficulties that can arise from the endogeneity of market
concentration in empirical price-concentration analyses (see Miller et al., 2022, for a
discussion). Moreover, it illustrates the challenges that can result from placing exces-

sive focus on concentration measures to evaluate merger effects. While Proposition 1

2 Farrell and Shapiro (1990) have shown that total welfare can rise even if the HHI increases. But their
result depends on more efficient—and therefore larger—firms producing more at the expense of less
efficient firms, which makes production more efficient although aggregate quantity may fall.
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showed that the market share increment of a merger is a critical ingredient to assess
merger effects, market shares must be considered in the general context of the mar-
ket in question. As Proposition 3 indicates, relying on market shares without taking
proper account of the other economic factors that influence merger effects can lead to

highly misleading predictions.

Price effects versus critical efficiencies. Next, we briefly assess the relation be-
tween the price effect of a merger and the CMCR i = s;/e. We start by noting that
the result that ;2 only depends on s; and € may appear at odds with Nocke and Whin-
ston’s (2022) finding that critical efficiencies in the Cournot model can be expressed
as a function of the change in the HHI. However, the two results are fully consistent.
Nocke and Whinston’s (2022) goal is to show across a range of different models of
competition that critical efficiencies can be expressed as a function of the change in the
HHI. In the Cournot model, however, critical efficiencies can be expressed in a simpler
way, as shown above.?

Comparing the critical efficiencies ji with the price effect Ap/p of a merger absent

efficiency gains then leads to the following result.?

Proposition 4 The compensating marginal cost reduction [i exceeds the price effect Ap/p of a

merger without efficiency gains by a factor of more than n — 1.

The intuition behind this result is simple. In the Cournot model with » firms, the
single-firm cost pass-through rate—i.e., the change in equilibrium price resulting from
an infinitesimal increase in a firm’s marginal cost—is 1/(n + 1 — o(x)), where o(x) =
—zp” (z) /p’ (r) denotes the demand curvature.? The assumption that demand is log-
concave implies o(x) < 1. Because there are n — 1 active firms after the merger, the
post-merger pass-through rate must therefore be less than 1/(n — 1). It follows that
the marginal cost reduction that is necessary to prevent a price increase must be larger
than a price increase absent efficiencies by a factor of more than n — 1.

As it turns out, the CMCR can exceed the price effect by a factor of substantially
more than n —1. For instance, as we show in Online Appendix E for the power demand
function that we considered above, the ratio i/ (Ap/p) is n—1+6. Therefore, the larger §
(i.e., the more concave demand), the larger the factor by which the CMCR exceeds price

22Nocke and Whinston’s (2022) formula (1) notes that a merger is consumer surplus neutral if —c} =
p(x) — ¢1 — co. Their formula for firm ¢’s market share is s; = — (p(x) — ¢;) / (zp’(z)). Setting i = 1,
one can solve this equation for ¢; and substitute into —c5 = p(z) — ¢1 — ¢o. Using the definitions
e=—p(z)/(xp' (x)) and p = (c2 — ¢4) /p (z), one then obtains ;1 = s; /¢ as above.

ZNote that we express both price effects and critical efficiencies using their price-based formulations
Ap/p and p = e/p (i.e., both expressions have the same denominator p). This is qualitatively equivalent
to comparing the absolute price change Ap to the absolute value of the required efficiency e.

24This result is well-known from previous literature (Seade, 1985). We derive it in the proof of Propo-
sition 4.
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effects. As a consequence, in the Cournot model the required efficiencies to prevent a
price increase typically exceed the price effect by an order of magnitude. Thus, the use
of CMCRs as a first approximation for price effects—although widespread in settings
in which firms sell differentiated products and compete in prices—is not appropriate

in markets with Cournot competition.?

Firm-specific efficiencies. In our main model, we considered the situation in which
the merged entity uses the technology of the more efficient firm—i.e., firm 2—and,
thus, has marginal costs of c; — e. A justification for this assumption is that e applies to
either of the two technologies, and the merged firm therefore uses the technology that
has the lowest cost pre-merger.

An alternative assumption is that the efficiency gain is firm-specific, that is, it can
be implemented in the production technology of only one of the two firms (e.g., due
to technological constraints). We next determine how (4) needs to be modified in that
case.

If the efficiency gain applies to firm 2—i.e., the more efficient firm—(4) is un-
changed because the merged firm then has marginal costs of c; — e, as in the main
model. Instead, if e applies to firm 1—i.e., the less efficient firm—the outcome is dif-
ferent. First, in case e is relatively small so that ¢; — e > ¢, the merged entity still
optimally produces with the technology of firm 2. However, since its marginal costs
are then the same as pre-merger, the situation is equivalent to the case of a merger
without efficiency gains. The price effect is then still characterized by (4), but with
p = 0. Finally, if e is sufficiently large so that ¢c; — e < ¢, then the merged entity uses
firm 1’s production technology post-merger, which implies that its marginal costs are
¢; = ¢ — e. Pollowing the same steps as in the proof of Proposition 1 yields that the

price effect is given by

Ap ss—1l+e/e" —pe
p (n—1)e—¢g/e*x ’
that is, in (4), s; is now replaced with s,.

The analysis of firm-specific efficiencies therefore generalizes our result of Proposi-
tion 1. In particular, with firm-specific efficiencies the price effect depends only on the
(pre-merger) market share of the firm that is less efficient post-merger. If that firm is the
firm that is also less efficient pre-merger, which is the likely outcome in most circum-
stances, the result is the same as in our main model. Instead, if the efficiency advantage
of the merging firms may change in the merger process—i.e., the more efficient firm
pre-merger may be the less efficient firm post-merger—the relevant market share for

price effects is the market share of the firm that is less efficient after the merger.?

2E.g., see Miller et al. (2017) and Valletti and Zenger (2021).
%The price effect therefore still depends only on the market share of one of the merging firms, which
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3 Price effects and demand curvature

In this section, we show that price effects can be approximated and bounded un-
der mild assumptions on demand curvature or information on the pre-merger pass-
through rate. As it turns out, doing so requires only variables that are usually observ-
able for competition authorities pre-merger.

In (4), four of the five variables that determine Ap/p—i.e., n, s1, €, and p—can ei-
ther be directly observed or inferred from observable parameters. The number of firms
and their market shares are generally known in merger proceedings. While the elastic-
ity of demand often is not, it can be inferred from (1) via pre-merger margins, which
are normally observable.”” Finally, although y is typically 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 1 is therefore submitted
to competition authorities. The only unobservable variable in (4), then, is the post-
merger elasticity ¢*.

The change in the elasticity of demand caused by a merger is a function of the cur-
vature of demand. Unfortunately, however, demand curvature is typically not observ-
able. Moreover, mergers are not marginal changes in the supply structure of a market,
but cause a discrete shift in equilibrium. It is therefore not sufficient to know the lo-
cal curvature around the pre-merger equilibrium to determine the change in elasticity
from ¢ to £*. Instead, an exact calibration would require knowledge of the demand
curvature along the transition from old to new equilibrium p — p*.?® Even so, as we
discuss next, already relatively mild assumptions on demand curvature o(x) or, al-
ternatively, information on the pre-merger pass-through rate are sufficient to bound
price effects and derive closed-form solutions that approximate merger effects based
on simple pre-merger variables.

It is well-known that there is a direct relationship between demand curvature and
pass-through. Specifically, in models with constant marginal costs, a higher convex-
ity of demand is equivalent to a higher monopoly pass-through rate (e.g., Froeb et al.,,
2005; Weyl and Fabinger, 2013). It is easy to show that this property extends to Cournot
oligopoly (see the proof of Proposition 5 below). Le., there is a one-to-one mapping be-
tween demand curvature o(x) and the market-wide pass-through rate p(z) = dp(z)/dc.

We can therefore express the impact of o(x) on price effects equivalently in terms of

implies that our result differs from Nocke and Whinston (2022) who show that the critical efficiencies
depend on the change in the HHI, which in turn depends the market shares of both merging firms.
?’Besides published accounting margins, competition authorities also have access to the internal ac-
counts of merging parties. These contain a line-by-line listing of cost items to assess economic margins
if required.
2See Miklos-Thal and Shaffer (2021) for a general discussion of the difference between local and
global curvature properties.
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p(z). This is important since cost pass-through tends to be easier to assess than convex-
ity, as p(z) may be observable from prior input cost changes that affected an industry.

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*.
Even so, Jaffe and Weyl (2013) argue in detail that it is usually reasonable to assume
that pre- and post-merger pass-through are close to one another. Miller et al. (2016,
2017) and Cheung (2017) provide extensive quantitative evidence for this conjecture
from merger simulations. We therefore first study demand systems with constant pass-

through.

Constant pass-through demand. As shown by Bulow and Pfleiderer (1983), a de-
mand function exhibits constant pass-through if and only if it belongs to one of the
following demand systems: power demand, CES (or isoelastic) demand, or log-linear
demand. The first two demand systems were introduced in the previous section. Log-
linear demand is of the form p(z) = o — f1In(x) with a > 0 and 5 > 0.

It is important to note that constant pass-through demand does not also imply a
constant elasticity. On the contrary, €* > ¢ if p* > p, except in the special case of
isoelastic demand. In fact, constant pass-through demand not even implies identical
pre- and post-merger pass-through rates.”” Therefore, p* # p except in the special case
of log-linear demand. As we show in the proof of Proposition 5, however, there is
a one-to-one mapping between p (z) and p* (z), which allows inferring one from the
other. As a result, with constant pass-through, Ap/p can be fully expressed in terms of

simple pre-merger parameters.

Proposition 5 If demand exhibits a constant pass-through rate, then the price effect of a
merger is given by
Ap 51— pe

p eln/p—1)

Proposition 5 allows conducting simple comparative statics with respect to the five
variables that determine price effects in the Cournot model:* First, Ap/p is increasing
in sy, since a larger s; implies that a more efficient firm ceases to operate as an indepen-
dent competitor. Second, Ap/p is decreasing in ¢, because the exercise of market power
is more difficult when demand is more elastic. Third, Ap/p is decreasing in y, since a
reduction in marginal cost induces the merged firm to increase output. Fourth, Ap/p

is decreasing in n, since more competitors exert competitive pressure against price in-

ZThis is because constant pass-through demand exhibits a constant pass-through rate for a given num-
ber of firms. A merger reduces n, however, and thus normally also alters the post-merger pass-through
rate.

3For presentational convenience, we explain these comparative statics for the case of a positive price
effect.
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creases. Finally, Ap/p is increasing in p, as the anticompetitive effect is passed through
to consumers to a larger extent if p is higher.

Using a concrete demand function with constant pass-through, we can also study
how the price effect depends on the parameters of the model. Using again the power
demand function, we obtain

da—rc1)+n(E—c) da + nc n

1= ndé(a — ) ’ 82715(04—6)’ and P n+o

Y

which yields
Ap n(e—ca)—e(@+n)+d(a—ca)
p (n—1+9) (ad + nc)

(8)

From (8), Ap/p is increasing in o and ¢. The intuition for the former result is that a
larger o implies that demand is higher, which gives rise to stronger price effects from
the merger. The intuition for the latter result is that larger average costs in the industry
imply that firm 1 becomes more important. As a merger implies that firm 1 is no longer
active, the resulting price effect is larger. Finally, for the effect of 6 on Ap/p, we obtain
that Ap/p falls in ¢ if and only if

ala—e—c)

5>max{om(cl+e—é)+\/Ozn(cl—l—e)(a—é)(n(a—é)—(a—e—cl))’O}.

Therefore, if the first term in curly parentheses is larger than 0, § affects Ap/p in a non-
monotonic way—i.e., Ap/p increases with ¢ for small values of ¢, but it falls for large
values of §. The parameter § is a measure for the concavity of demand. It therefore
has an effect on the pass-through rate p and the elasticity e—i.e., as demand becomes
more concave, both p and ¢ fall. However, from Proposition 5, p affects Ap/p positively,
whereas ¢ affects it negatively. This implies that the effect of p dominates if ¢ is suf-
ficiently large or even for all values of J, in case the first term in curly parenthesis is

smaller than zero. Instead, for small values of §, the effect of € can dominate.?!

Convexity bounds. In cases where pass-through is not observable, one cannot
rely on Proposition 5 to gauge merger effects. Even so, it is possible to bound Ap/p
by using common convexity bounds. In what follows, we focus on subconvex demand
functions. Following Mrazova and Neary (2017), a demand function p (x) is subconvex
at z if it is less convex at that point than an isoelastic demand function with the same
elasticity. The curvature of isoelastic demand (/2% is 0 = 1 + §. As the elasticity of
isoelastic demand is ¢ = 1/4, subconvex demand therefore implies that, at each point

z, its curvature is at most 1 + 1/e. As noted by Mrazové and Neary (2017), although

31 The effects of ¢; (which lowers s;), e (which has the same effect as 1), and n have already been
discussed above.
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superconvexity cannot be ruled out generally, it exhibits properties that are implausible
in most practical settings. E.g., 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.??

Moreover, the pass-
through rate of superconvex demand functions is often implausibly high.??

Within the set of subconvex demand functions, we distinguish between three promi-
nent classes of demand: (i) concave demand, (ii) demand that is convex but log-concave,
and (iii) log-convex demand.?* As the following proposition shows, in all three cases
the relevant bounds on price effects continue to depend solely on simple pre-merger

variables.

Proposition 6 (i) If demand is concave, then

%e<0,81_“€).
p en

(ii) If demand is convex but log-concave, then

APG 81— HE 51 — €
P en e(n—1))°

(iii) If demand is log-convex but not super-convex, then

%6{81—,“5 S1 — HE }
p en—1)e(n—1)—1]"

The lower bound of the price effect in (i) is zero because the demand function ap-
proaches a rectangular shape if it becomes infinitely concave. Demand functions that
are commonly used in the empirical literature typically fall into classes (ii) or (iii). This
is because concave demand has some properties that make it less appealing for empir-
ical purposes.®* The following example focuses on what is arguably the most promi-
nent case (ii): convex demand with strategic substitutes, where, using that s;/¢ = [,

the price effect is between (i — i) /nand (g — p) / (n — 1).

Example. Consider a merger of two out of n = 5 firms where the smaller merging firm has

a market share of s; = 10% and the elasticity equals 1. If demand is convex but not log-convex,

32This implies that superconvexity violates Marshall’s Second Law of Demand, as pointed out, e.g.,
by Dixit and Stiglitz (1977) and Krugman (1979).

33For instance, if demand has an elasticity of 1.5, then the monopoly pass-through rate of superconvex
demand functions is more than 300%.

3 Log-concavity implies that firms’ quantities are strategic substitutes. Log-convexity instead implies
that quantities become strategic complements for firms with a sufficiently large market share. See e.g.
Bulow et al. (1985) or Vives (1999).

% For example, it violates the assumption of decreasing marginal rates of substitution for individual
preferences. See Valletti and Zenger (2021) and the references cited therein.
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then the price effect of the merger is bounded by [2% — 1/5,2.5% — p/4].

This example also illustrates the result of Proposition 4. In the example, the price
increase caused by the merger is between 2% and 2.5% absent of efficiencies. Yet, the

CMCR is equal to 1 = 10% (i.e., four to five times as large as the price effect).

Consumer surplus. Finally, we relate the price change caused by a merger to con-
sumer surplus. There is an inverse relationship between changes in price and changes
in consumer surplus. Moreover, also the change in consumer surplus AC'S/C'S is inde-
pendent of market shares other than s;. This follows because both Ap/p and AC'S/CS
are determined by the quantity change caused by a merger, which is independent of
S2, ..., S, by Proposition 1.

To compare the change in consumer surplus AC'S/C'S with Ap/p, we consider two
prominent examples—linear and log-linear demand (the two boundaries of class (ii)

above). In case of linear demand, the consumer surplus change can be expressed as®

=—¢|—e—-2

ACS  Ap (Ap
cS P P '

This implies that |[AC'S/CS| is increasing in Ap/p.%” In the absence of efficiency gains,
Proposition 6 implies that Ap/p = s;/en with linear demand. Hence, ACS/CS =
(s1/n) (s1/n —2) and so |ACS/CS| > Ap/pifand onlyife > 1/(2 — s1/(n —1)).

Similarly, for log-linear demand we obtain

ﬁ—ex —%5 -1
cs ~ P\, '

Again, this implies that |[AC'S/CS| is increasing in Ap/p.® Moreover, in the absence
of efficiency gains, Ap/p = s;/¢(n — 1) with log-linear demand from Proposition 6.
Hence, ACS/CS = exp(—s1/(n—1)) — 1 and so |[ACS/CS| > Ap/p if and only if
e > s1/[(n—1) (exp(—s1/(n — 1)) — 1)]. Since the denominator of the right hand side
of this expression is negative, it follows that |ACS/CS]| is always larger than Ap/p
when demand is log-linear.

Therefore, for both demand functions we obtain: (i) |ACS/CS]| is increasing in
Ap/p. (ii) |ACS/CS| > Ap/p if and only if ¢ is above some threshold (which can be
zero). The intuition for this result is as follows: |AC'S/C'S| is not only determined by
the price effect of a merger, but also by its quantity effect. While the price effect is

decreasing in ¢ (a higher elasticity dampens firms” ability to exert market power), the

%Derivations can be found in Online Appendix F.

%Note that ACS/CS is negative for a merger without efficiency gains. Taking the derivative of
ACS/CS with respect to Ap/p gives —2¢ (1 — s1/n), which is smaller than zero as s1/n < 1.

3The derivative of AC'S/C'S with respect to Ap/pis —eexp (—s1/(n — 1)) < 0.

19



quantity effect is increasing in ¢ (more elastic demand means that price changes cause
a stronger output reduction). Thus, |ACS/CS| > Ap/p if and only if ¢ is sufficiently
large.”

This result can be related to the analysis of Anderson and Renault (2003). They
show that with Cournot competition, consumer surplus is increasing if demand be-
comes more convex. As the elasticity ¢ increases with the convexity of demand, our
result implies that |ACS/CS| > Ap/p is more “likely” to be fulfilled for demand func-
tions that exhibit a larger degree of convexity. Therefore, the effect of a merger on
consumer surplus tends to be larger than the effect on price if consumer surplus is

relatively high.

4 Applications

In this section, we consider two applications of our results. First, we analyze the situ-
ation in which firms have market power not only in the output market but also in the

input market (Section 4.1). Second, we discuss the possibility of remedies (Section 4.2).

4.1 Oligopsonistic Market Power

We so far focused on the case in which firms have market power in the output market
but did not consider possible effects on the input market. However, the topic of input
market power (in particular, oligopsony power) has received a lot of attention recently,
foremost with respect to labor markets. Specifically, there is a debate whether competi-
tion policy should consider the effect of mergers on wages (see e.g., Berger et al., 2022,
Manning, 2011, or Yeh et al., 2022). Berger et al. (2025) analyze the effects of market
power in the labor market in a general equilibrium model. However, they focus on the
case of monopolistic competition. In this section, we instead embed oligopsony power
in a natural way in our partial equilibrium oligopoly model and consider the effect of
a merger on prices both in the input and output market.

To do so, we extend our framework by assuming that the cost of firm i is ¢; + w(z),
where w(z) is the price of an input (e.g., the wage) that depends on the aggregate quan-
tity demanded in the input market. The supply curve for the input is upward-sloping,
that is, w'(z) > 0. As in the output market, we make a regularity assumption that en-
sures an interior solution—i.e., w'(x)+xw”(x) > 0.2 The profit function of firm i is then
z; (p(z) — ¢; — w(x)). Similar to the baseline model we define cp = —p(x)/zp'(z) > 0 as

the elasticity of (output) demand and €5 = w(z)/zw'(x) > 0 as the elasticity of (input)

3We confirmed this result with simulations for various other standard demand functions.
0This is the counterpart to the assumption p/(x) + zp” (z) < 0.
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supply.

We first consider the situation where the output price is constant—i.e., firms have
oligopsony power, but no oligopoly power. This corresponds to the situation present in
competition cases that primarily focus on labor market concerns. The profit function of
firm ¢ in that case is z; (p — ¢; — w(x)). Defining i = e/w as the efficiency gain resulting
from the merger relative to the wage, we can follow the same steps as in Section 2 to

obtain results on the relative input price effect and its relation to the CMCR:*!
Proposition 7 The input price effect of a merger is

Aw_l—sl—i—g—F/]@S

wo (n—1)65+§—§

©)

It does not depend on the distribution of market shares ss, ..., s,. Moreover, the compensating
marginal cost reduction exceeds the input price effect of a merger without efficiency gains by a

factor of more than n — 1.

By the same arguments as those given after Proposition 1, the (relative) input price
change does not depend on the market shares of firms 2,...,n but only on s;—i.e.,
the market share of the smaller merging firm. Therefore, the result extends to the
case of oligopsony. Moreover, it is evident from (9), that the CMCR is s;/cg, which
is equivalent to the case of oligopoly power, but now involving the supply elasticity.
Similar to Proposition 4, the CMCR exceeds the (absolute value of the) input price

effect of a merger without efficiency gains by a factor of at least n — 1.2

Finally, in case
of constant pass-through supply, it is again possible to derive a simple closed-form

solution in the spirit of Proposition 5, based solely on observable variables, which gives

Aw _ —s1tfiEs
w  es(—n/ps—1)

where pg is the market-wide input pass-through rate—i.e., ps = dw/dc < 0.

Having characterized the price effect of a merger in case of oligopsony, we now
turn to the situation in which firms have market power both in the input and output
market. Following the same steps as in our main model, we can show that the case

with elastic input supply is isomorphic to the standard Cournot model, where p(z) =

#IThe proof of the proposition is omitted because it follows the same steps as the proofs of Proposi-
tions 1 and 4.

2]t can be seen from (9) that the wage falls if efficiency gains are rather small. The assumption
w'(z) + zw” (z) > 0 ensures that the elasticity of supply rises with z. As a merger leads to a reduction in
x if e is small, eg /e > 1, which implies that the numerator is negative.
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p(x) — w(z) replaces p(z). Defining
p(r) — w(z) N ¢
plx) | w

£

we obtain a formula akin to (4):

Aﬁ_81—1+é/é*—ﬂé
P (n—1)é—¢/ér

(10)

Le., the formula of our main model also holds in case firms have both oligopoly and
oligopsony power. However, (10) does not state the (relative) change of the output
price but the (relative) change of the output price minus the input price.*®

Next, we consider how a merger affects input and output prices individually. This
is more challenging since the two price effects are inherently related in the Cournot
model with oligopoly and oligopsony power. To make progress on this question, we
focus on demand and supply functions that have the same constant curvature. This is
because the existence of market power at both layers breaks the equivalence between
constant curvature and constant pass-through at the individual layer. Le., even if the
curvatures of both demand and supply function are constant but different from each
other, the pass-through rate in the output price is not constant. As we show in the proof
of Proposition 8 below, however, the equivalence is restored if demand and supply
functions have the same constant curvature (as is the case, for example, with linear
demand and supply). For such demand and supply functions, we are able to analy-
tically characterize, first, the output price effect of a merger in case the input price is
elastic and, second, the difference between this effect and the case where the input
price is constant (i.e., our main model). Although a clean solution is possible only for
this restricted class of functions, the results provide a first step to determine how the
interplay between market power at both layers drives merger effects.** We perform the
same analysis also for the input price change resulting from a merger when the output
price is elastic.

Specifically, we again consider the following three classes of constant curvature
functions:
(i) Power function: In that case, the demand function is p(z) = o — $2° and the supply

function is w(x) = v + ra?.

“From (10), the CMCR is i = s;/4. Note that, since 2 remains constant at ji, the CMCR not only
characterizes the efficiency needed to prevent an output price increase, but also the efficiency needed to
prevent an input price decrease.

#To check the robustness of our results, we performed numerical simulations for the cases where the
curvature of the supply function is not equal to that of the demand function and obtained qualitatively
similar results.
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(ii) CES function: In that case, the demand function is p(z) = a + 3/2° and the supply
function is w(x) = v — r/2".

(i) Log-linear function: In that case, the demand function is p(z) = o — fIn(z) and the
supply function is w(z) = v + xln(z).*

For cases (i) and (ii), we determine Ap/p for 6 = ¢ (i.e., the input price is elastic
and the curvatures of the demand and supply function are identical) and for 6 = 0
(i.e., the input price is constant). The latter case is the same as our main model, just
with « scaled down to & — v — & in case (i) and scaled down to o — v + & in case (ii).
For case (iii), we determine Ap/p for £ > 0 (i.e., an elastic supply function) and for
x = 0 (i.e., an inelastic supply function). Similarly, we also consider the input price
effect and determine Aw/w for § = 6 and § = 0 in cases (i) and (ii), and § > 0 and
f = 0in case (iii). Denoting with a superscript e (standing for elastic) the situation
in which input and output markets have the same curvature and with a superscript
¢ (standing for constant) the situation in which one market has a constant price, we

obtain the following result:

Proposition 8 (i) The output price change caused by a merger in case the supply function has

the same curvature as the demand function is

Ap\“ _ 81— pepph/(ph — p5)
T - e e e : (11)
p ep (n/(pp —p5) — 1)

Similarly, the input price change caused by a merger in case the demand function has the same

curvature as the supply function is

Aw\® s+ i%e5p5/ (05 — p)
( w ) S (/o —p5) = 1) (12

(ii) The output price change with 8 = ¢ in cases (i) and (ii) and with x > 0 in case (iii) is

larger than with § = 0 and r = 0, respectively—i.e., (Ap/p)° > (Ap/p)°—if and only if

Lo (i () i) 20 13)
¢ b &D PD
with s7 > s¢ ¢ > 37 ¢j/n.

The input price change with § = 6 in cases (i) and (ii) and with 8 > 0 in case (iii) is larger
than with 6 = 0 and 8 = 0, respectively—i.e., |(Aw/w)°| > |(Aw/w)‘|—if and only if

[
S1

S W (ﬂe (p—s) - [f) >0, (14)
€s €s Ps

“SWe restrict attention to parameters so that the input price is positive and the output price is larger
than the input price in equilibrium.
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with s7 > s§ & ¢ > 37 ¢j/n.

We start with part (i) of the proposition. The formula for the output price change
(11) shows that, even if output and input price are flexible, the price change caused
by a merger can be expressed in a simple way (in the case where the curvatures are
the same). Indeed, the formula in (11) has a similar structure as that in Proposition
5. In addition to the variables relevant there, now also the pass-through rate in the
input market (i.e., p%) impacts the output price change. At the same time, the supply
elasticity is not relevant. The formula for the input price change (12) follows a similar
form, with the difference that the elasticity and the pass-through rate of the supply
function instead of the demand function now determine the price effect.

We next turn to part (ii) of the proposition and discuss the difference between
(Ap/p)° and (Ap/p)° in more detail. First, we consider the effect of the efficiency gains
(i.e., the last term on the left-hand side). Because an increase in marginal costs leads to
a reduction in aggregate quantity and therefore to a reduction in w in case the supply
function is elastic, the pass-through rate is lower with an elastic supply function than
with a constant one, that is, p%,/p7, < 1. This implies that efficiencies have a smaller
impact on the output price if the input price is flexible as compared to the case where
it is constant. The intuition is that the efficiency gain induces the merged firm to ex-
pand its quantity. With a flexible input price, this expansion leads to an increase in the
input price, which makes this expansion less beneficial. As a result, the merged firm
increases its quantity by smaller amount compared to the case when the input price is
constant, and this leads to a diminished effect on the output price.

Turning to the first terms, the comparison between s{/c%, and s{/c%, can go either
way. As stated in the proposition, s{ is larger than s{ if and only if firm 1’s marginal
cost is above the average marginal cost in the industry. The intuition for this result is
as follows: If firm 1 is relatively inefficient, it has a smaller market share regardless
of whether the input price is elastic or not. However, in case of an elastic input price,
the more efficient firms will produce a comparatively lower quantity to benefit from
the input price fall. This implies that firm 1’s market share is larger in that case. The
intuition is therefore similar to the one driving the result of Proposition 3 of the main
model.* In addition, €% can be larger or smaller than ¢4,. For instance, the compar-
ison between the demand elasticities in the two scenarios depends on the size of the
demand intercept (i.e., ). If it is large relative to the slope parameters, then %, > <%,
which diminishes (Ap/p)® more than (Ap/p)°.

Interestingly, the output price effect of a merger can therefore be larger or smaller

#We note that a change in § also affects the level of the input price and not only whether it is elastic
or not. If costs are shifted up for all firms in case of # = ¢ compared to 6 = 0, then efficiency differences
between firms and therefore also differences in market shares are less pronounced.
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with oligopsony power than without. This is perhaps surprising as in case of oligop-
sony power, the merged firm has an additional incentive to reduce its quantity: doing
so not only increases the output price but also lowers the input price. However, the
tirms take this effect already into account in the pre-merger situation. Therefore, as
shown in part (ii) of Proposition 8, when abstracting from potential efficiencies, the
comparison is only driven by the ratio of the smaller firm’s market share over the de-
mand elasticity.

The price effect with a constant supply function can even be substantially larger
than with elastic supply. As an illustration, in case of a power function, the difference
between (Ap/p)° and (Ap/p)° is given by

k(n+0) [n(a— B)(c—¢) + ad(B+y+ K+ e —a) N purs
(n—1+6)(ad+n(y+r+0)(ad(f+ k) +nlar+ By +pc))  (B+k)(n—1+6)

Using, for instance, the parameters « = 2, 8 =05,y =xk =02, =2,n =5, =0,
¢p = 0.15,and > 7 ¢;/n = 0.15, the relative price increase if the supply function is
constant is around 7.1%, whereas with an elastic supply function, it is around 4.8%.
Therefore, the price increase with a constant supply function is almost 50% larger than
that with elastic supply.

Finally, turning to the formulas for the input price change resulting from a merger,
we obtain relatively similar results. Efficiency gains matter less for the input price
effect if the output price varies with quantity and the comparison can in general go

either way.

4.2 Remedies

In this section, we consider the competitive effect of remedies offered by the merging
parties to alleviate competition concerns. While remedies such as structural divesti-
tures are an instrument that is frequently used in merger control (see, e.g., Kwoka,
2014), there are only few theoretical papers that explicitly model them.*

In a recent paper, Nocke and Rhodes (2024) propose a compelling way to capture
the effects of remedies in Cournot oligopoly. Specifically, a remedy is a divestiture of
some asset (e.g., a plant, a patent, or a team of engineers) from the merging firms to
an outside firm that increases the marginal costs of the merging firm and decreases
the marginal costs of the outsider. This general formulation allows for a wide vari-
ety of different divestitures. In particular, it allows modeling the degree to which the
divestiture is a rivalrous asset. E.g., a transfer of a plant from the merged entity to a

remedy taker corresponds to a situation where the cost increase for the merged entity

47Exceptions are Vasconcelos (2010) and Vergé (2010).
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and the cost decrease of the remedy taker are likely to be similar (so the remedy taker
gains market share at the expense of the merged entity). Instead, the transfer of a non-
rivalrous innovation corresponds to a situation where the cost increase for the merged
entity is likely to be close to zero, whereas the cost decrease of the remedy taker can
be substantial (so the remedy taker gains market share from the market participants
overall, not from the merged entity specifically).

We follow Nocke and Rhodes’s (2024) model and determine the effect of remedies
on the (relative) price change in the Cournot model. To do so, suppose that the merg-
ing firms have K assets overall. A remedy is then defined as a variable k£ € [0, K] thatis
divested to an outside firm. A simple way to model the increase in the merged entity’s
cost is to assume that the remedy lowers the efficiency gain of the merged firm (though
this formulation is without loss of generality and chosen merely for convenience). Fol-
lowing our notation, ¢; = c;—e(k), with €/(k) < 0. At the same time, the remedy lowers
the marginal costs of the remedy taker, who we denote by subscript . We thus have
¢t =c¢, — f(k), with f(0) =0and f'(k) > 0.

We can now define the efficiency gain as a percentage of the (pre-merger) price,
that is, u(k) = e(k)/p and, in the same way, the relative gain of the outsider from the
remedy, x(k) = f(k)/p. Following the same analysis as in our baseline model, we

obtain
Ap _si—1+5/e = (ulk) + (k) <

D (n—1)e—¢g/e*

This result has several implications. First, (15) shows that even with the introduction of

(15)

a flexible formulation of remedies, the formula for the price change caused by a merger
is very similar to that of the main model. Second, whether a remedy (in conjunction
with efficiencies) will overcome the anticompetitive effects of a merger is determined
by the CMCR, which is given by fi(k) = s1/e — k(k). Third, as can be seen from the
last term of the numerator, a remedy is desirable if and only if p(k) + (k) is increas-
ing in k. That is, a remedy reduces anticompetitive effects if and only if the remedy
taker benefits more from the divested assets than the merging firm loses. This implies
that mere divestitures (e.g. of production plants) do not necessarily counter anticom-
petitive effects in the Cournot model.*® It is important to note that this result is again
independent of the level any market shares. It therefore mirrors one of the main themes
of the paper: With Cournot competition, market shares and concentration indices are

often not good indicators of merger effects.

48From the formula, it is also possible to derive the efficient level of k. For instance, if (k) is concave,
u(k) is convex, and standard Inada conditions are satisfied, then the efficient divestiture is interior—i.e.,
it is strictly between 0 and K.
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5 Beyond Homogeneous-Goods Cournot Competition

We have so far focused on the analysis of quantity competition with homogeneous
goods. Several papers have considered merger effects in settings with differentiated
goods (e.g., Jaffe and Weyl, 2013; Nocke and Whinston, 2022; Caradonna et al. 2024;
Nocke and Schutz, 2024). In this section, we therefore analyze under which conditions
similar insights as in our main model arise when considering quantity and price com-
petition with differentiated goods. This helps determining the limits of our analysis
and providing an understanding to which extent results with homogeneous Cournot
competition carry over to other forms of competition.

To show our results in a simple setting, we first consider the widely-used linear
demand function derived from a representative consumer with quasilinear quadratic
utility. This model has been developed in a series of papers by Levitan and Shubik (e.g.,
Shubik, 1961; Levitan and Shubik, 1967a, 1967b), which culminated in Shubik and Lev-
itan (1980). Choné and Linnemer (2020) discuss the genesis of the model and provide
several results arsing from it.* In this model, the utility function of the representative

consumer is given by

U(x,I) :Zajxj—QZx?—’y Z zxy + 1,
=1 j=1

j=1,j#k

where x = z1, ..., z, is the vector of quantities and I is the utility from money. Given
the constraint that ) *7_, p;z; + I < m, with m denoting the consumer’s income, utility

maximization leads to the indirect demand function for good i:*°

pi(X) = — Bx; — Z z;, 1=1,..,n. (16)

J=1,j#i

The parameter -y expresses the degree of product differentiation—i.e., products are in-
dependent for v = 0 and perfect substitutes if ¥ — 5. The model has the property that
products are symmetrically differentiated, as the parameter ~ is the same for any two
products.

As in our main model, firm ¢ = 1,..,n has constant marginal cost ¢;. Thus, firms
can differ both with respect to the demand intercept o; and the marginal costs ¢;. How-
ever, as noted by Singh and Vives (1984), without loss of generality, one can consider

prices net of marginal costs by replacing «; with a; — ¢;. This simplifies the analysis

#“The demand system has been used in a number of important articles, such as Singh and Vives (1984),
Gal-Or (1985), Atasu et al. (2008), Galeotti et al. (2020), or Antén et al. (2023).

We simplified the model of Singh and Vives (1984) by assuming that the slope of p; in the own
quantity is the same for all firms and equal to 5. This is just done for tractability reasons. Assuming
different slopes for different firms would not affect our qualitative results.

27



as, similar to our main model, the heterogeneity between firms then still occurs only
in one dimension. To ensure that all quantities are positive (i.e., all n firms are active),
we assume that .
o > VZJ':L#Z‘ Q;
26+ (n—1)y
for the firm with the lowest «;.

With quantity competition, the profit function of each firm ¢ in the pre-merger sit-
uation is m;(x) = z;p;(x).>! In the post-merger situation, we again consider a merger
between firms 1 and 2, which reduces the marginal costs of both firms by e. The profit
function of the merged firm m is then m,,(x) = z1p1(x) + x2p2(x), where oy, k = 1,2,
is replaced by a4, + e in pi(x). The profit functions of non-merging firms i = 3,....n
remain the same as pre-merger.

For price competition, we can invert the demand system (16) to obtain the direct
demand of each firm i. Denoting by p the vector of prices, this demand is given by

(i —pi) (B+ (n—2)y) — ’72?:1,3'751’ (o —pj)

P = B-) 3+ - i) s D)

We can now determine the pre- and post-merger equilibrium for both modes of
competition and the resulting consumer welfare. As prices of firms may differ in case
of product differentiation, we focus on the effect of a merger on consumer welfare and

determine its dependency on market shares. This leads to the following result:

Proposition 9 With differentiated products and linear demand, the change in consumer wel-
fare resulting from a merger between firms 1 and 2 is independent of the distribution of market
shares ss, ..., s,. This holds despite the fact that consumer welfare pre-merger and post-merger

depends on ss, ..., s,

Proposition 9 shows how the result of Proposition 1 is modified in case of competi-
tion with differentiated products, given that demand is linear. First, the result that the
effects of a merger only depend on the smaller merging firm’s market share no longer
holds. This is intuitive: With differentiated products, the merging firm continues to
sell both products and not only the more efficient one. Since the profit function of the
merged firm is different to the pre-merger case, the change in the optimal quantity or
price for both products determines the merger effects, which implies that both market
shares s; and s, are now important.

However, Proposition 9 also shows that the consumer welfare effect of a merger is
independent of a permutation of the non-merging firms” market shares. It is important

to note that this holds although consumer welfare itself depends on the distribution of

>1Recall that prices are net of marginal costs.

28



market shares. The intuition for the latter result is as follows: Firms are of different
size because they differ in o;. Le., firms with a qualitatively superior product or lower
marginal costs obtain larger market shares. A permutation of market shares between
firms can therefore be expressed via a permutation of o;, i = 1, ..., n, that leaves 2?21 a;
constant. Consider now two firms k and ¢, with ay, > «y. If o), increases at the expense
of ay, consumer surplus does not stay constant, as consumers over-proportionally buy
the product of firm £ relative to firm ¢ and therefore benefit.

Even so, in the comparison between pre- and post-merger consumer welfare, this
permutation does not play a role. The reason is that both in the Cournot and Bertrand
model, the prices and quantities of non-merging firms are linearly proportional to each
other (both pre- and post-merger). Specifically, an increase in «; and a corresponding
decrease in «y raises the quantity and price of firm £k proportional to each other and
lowers the quantity and price of firm ¢ proportional to each other.>? This implies that
a permutation of market shares of non-merging firms has the same effect on consumer
surplus pre- and post-merger.

With linear demand, we can also analyze the effect of a sum-preserving spread
of the merging firms’ market shares, that is, an increase s, and a corresponding de-
crease in s; so that s; + s, stays constant. We show that a merger between firms whose
market shares exhibit such a spread (i.e., where the larger merging firm’s share is in-
creased, whereas the smaller merging firm’s share is decreased) has a less negative or
more positive effect on consumer surplus than a merger in which the two shares are
closer to each other.”® This result is similar to Nocke and Whinston (2022) who show
for multinomial logit and CES demand that a sum-preserving spread of the merging
tirms” market shares lowers the CMCR. The intuition for this result is closely related
to Proposition 1: When the merging firms are more similar in size, then the increment
of the merger becomes larger, which increases the incentive to reduce post-merger out-
put.

To assess whether the result of Proposition 3 holds in case of differentiated goods
and linear demand, we performed numerical simulations for different parameter val-
ues and found that in each case, the efficiency gains required to make a merger con-
sumer surplus-neutral are larger in the market with the lower HHI. As an illustrative
example, consider a market withn =5 firms, 3 =1,y =0.5, a1 =14+, a0 = 1.1+,
a3 =12+4+6, 4 =13+, and a5 = 1.4 + 6. Table 1 reports the (approximate) levels of
HHI and CMCR for different levels of A.

>ZFor instance, in case of quantity competition without a merger, a simultaneous increase in aj and
decrease in oy by A leads to an increase in z by A (28 4+ ny) /(284 (n — 1)v) (28 —7) and in p; by
AB (284 nv) /(28 + (n—1)7) (28 — 7). The decrease in x, and p, is of the same size as the increase in
xy, and py, respectively.

%3We show this result at the end of the proof of Proposition 9.
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HHI CMCR
=20 2,308.167 | 0.085
0=0.21 2229520 | 0.111
0=0.41 2177555 | 0.136
0=20.6 | 2,141.416 | 0.161
0=0281 2115299 | 0.186
0=1 2,095.788 | 0.211

Table 1: Relation between HHI and CMCR with differentiated-goods Cournot
competition and linear demand

As before, the relationship between HHI and CMCR is negative. lLe., the required
efficiencies to render a merger consumer surplus neutral are larger in markets with
lower concentration.

We next turn to the question which properties of the representative consumer model
with quadratic utility are responsible for the results of Proposition 9. The first property
driving this result is that products are symmetrically differentiated. If differentiation
between firms was asymmetric, the degree of product differentiation between one or
both merging firms to a specific non-merging firm could be different to that of another
non-merging firm. In that case, the market share of each non-merging firm matters for
the change in consumer welfare.>*

The second property that drives the result of Proposition 9 is that with linear de-
mand, market shares of non-merging firms change linearly with permutation. For in-
stance, in the analyzed model, the pre-merger market share of firm i in case of Cournot

competition is
. a; (284 (n—1)y) — 72?:1,3';&2‘ Q
' (2/8 - 7) Z?:l Oé]

Therefore, any permutation of o; and «;, with j # 7, changes s; in a linear way. The

same holds true in the Bertrand model (as well as for the post-merger market shares in
both cases). This property, however, does not hold in models with non-linear demand.
In Online Appendix G, we analyze a model of price competition with symmetrically
differentiated products in which demand follows the multinomial logit formulation.
The demand function is therefore not linear. We show that the pre-merger permutation
of costs that increases s;, and lowers s, with & # 7, by the same amount is different from
the one that does so post-merger. This is due to the non-linearity of market shares in
costs. As a result, the market shares of non-merging firms matter for the change in

consumer welfare.

>In the model, asymmetric differentiation implies that the parameter + that measures the homogene-
ity of products, can now be different for each pair of firms. Le., v;;, with ¢ # j measures the degree of
homogeneity between firms i and j. If e.g. 1, is different to 4, then both s; and s, would matter for
merger effects.
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However, even in case of multinomial logit, we can confirm numerically that (i)
a merger between firms whose market shares exhibit a sum-preserving spread has a
less negative or more positive effect on consumer surplus than a merger between firms
whose market shares are closer to each other, and (ii) the CMCR is larger in the mar-
ket with the lower HHI. Therefore, these results do not appear to be limited to linear

demand.

6 Relation to the Merger Guidelines

It is interesting to relate our results to the policy prescriptions put forward by the U.S.
Department of Justice and the Federal Trade Commission in their new merger guide-

lines.

Anticompetitive merger effects. The U.S. Merger Guidelines summarize the po-
tential anticompetitive effects of mergers in markets with quantity competition as fol-
lows (p. 38):®

The analysis of the extent to which firms compete may differ depending
on how a merger between them might create incentives to suppress output.
Competition between merging firms is greater when (1) the merging firms’
market shares are relatively high; (2) the merging firms’ products are rela-
tively undifferentiated from each other; (3) the market elasticity of demand
is relatively low; (4) the margin on the suppressed output is relatively low;

and (5) the supply responses of non-merging rivals are relatively small.

While our results confirm some of these policy prescriptions in the Cournot model,
they do not confirm others. Prescription (1), for instance, is only partially confirmed
in the case of Cournot competition. It is true that an output suppression is more prof-
itable for the merged entity if the merging firms are large, since larger firms have more
inframarginal units that benefit from a price increase. However, this is also the case
pre-merger, where the merging firms already limit their sales to some extent. As shown
in Proposition 1, the merger-specific effect on prices and output is driven by the market
share increment s; in the Cournot model with homogeneous goods—not by the joint
level of market shares s; and s,, as suggested by the Guidelines.

This insight differs from previous literature—e.g., Werden and Froeb (2011)—which
argues that the market shares of all merging parties are relevant to determine the crit-
ical efficiencies. While this is true for a broad class of models of competition—e.g., for

price competition with CES or multi-nominal logit demand, as shown by Nocke and

>The EU Horizontal Merger Guidelines do not contain a specific section on quantity competition.
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Whinston (2022)—in quantity competition with homogeneous goods, only the market
share of the smaller merging firm drives price effects and critical efficiencies.

Prescription (2), on the other hand, is confirmed in the Cournot model. If firms’
products become less differentiated, it is easy to check that merging firms have a larger
incentive to reduce output. That said, when product differentiation between the merg-
ing parties is small, then differentiation with other firms may also be small (e.g., be-
cause all firms offer relatively homogenous products). In the linear model considered
in Section 5, this is equivalent to an increase in 7. If there is a sufficient number of
competitors, a merger may then not materially raise prices even though product dif-
ferentiation between the merging firms is small, as the remaining competitors would
undermine any attempt to exert market power.

Prescription (3) is also confirmed by our analysis. For a given level of market
shares, a lower demand elasticity ¢ implies that firms have more market power. This
amplifies the potential for anticompetitive effects, as predicted by the Guidelines

Prescription (4), instead, is not confirmed by our analysis. While the Guidelines are
correct that a low profit margin decreases the opportunity costs of withholding output,
the argument ignores that margins are endogenous. From (1), a high margin m, of
the target company (whose output will be withheld) also implies that this firm has a
strong market presence pre-merger, which increases the merger effect. In equilibrium,
the latter effect dominates, as can be seen from (4), where Ap/p increases in s;. A large
profit margin on the suppressed output therefore makes it more—not less—likely that
a merger will be anticompetitive in the Cournot model.

This result was not emphasized by previous work. The logic underlying the Guide-
lines” argument is related to competition with fixed capacities. In that case, a merger
between, for instance, a low-cost firm and a high-cost firm can induce the merged en-
tity to withhold its high-cost capacities: it has a low opportunity cost of doing so (due
to the low margin of the withheld volumes) but may significantly increase profitabil-
ity for the low-cost units (as the market price increases). As we show, however, when
capacities are endogenous, as in the Cournot model, this argument breaks down.

Prescription (5), finally, is confirmed by our analysis. Small supply responses of
rivals mean that the degree of strategic substitutability between firms’ quantities is
relatively small. In the Cournot model, this is equivalent to demand being more convex
and thus pass-through p being larger. It then follows from Proposition 5 that merger

effects are more pronounced, as suggested by the Guidelines.

Concentration thresholds. The U.S. Merger Guidelines have been issued in De-
cember 2023 after a process of public consultation that attracted significant attention

and also some controversy.”® With respect to horizontal mergers, the new Guidelines

®E.g., see the symposium organized by the Stigler Center of the University of Chicago:
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expand the scope for structural presumptions and contain a stronger focus on con-
centration than previously. E.g., the U.S. agencies will now presume that a horizontal
merger substantially lessens competition if it “creates a firm with a share over thirty
percent” (p. 7) even if the increment is modest.

We agree with the Guidelines that concentration analysis “provides an administra-
ble and useful tool for identifying mergers that may substantially lessen competition”
(p- 5). As shown by Nocke and Whinston (2022) and Nocke and Schutz (2024), concen-
tration measures, such as the change in HHI, may provide useful screens to identify
potentially harmful transactions. Indeed, from an economic perspective, there is a
well-established presumption that mergers that significantly increase concentration in
already concentrated markets are likely to cause competitive harm.

Even so, as we have shown in this paper, likely competitive effects are determined
by several relevant factors (e.g., the elasticity of demand ¢, the number of firms n, the
pass-through rate p, and the level of efficiencies ;). As a result, the price effects of
a merger can be significantly larger or smaller than a cursory look at concentration
alone might suggest. Cournot competition is perhaps the model with the closest link
between concentration and market power in the economic literature. However, as our
paper has illustrated across a range of circumstances, the predictions of concentration
indices alone can easily lead astray. With proper evidence concerning the overall cir-
cumstances of a case, it can therefore be appropriate to block certain mergers even
if market shares are materially below dominance thresholds, or clear mergers even
though market shares are quite high.””

One reason why competition authorities place a large focus on market shares is that
merger control must act swiftly based on limited data. Despite this limitation, compe-
tition authorities regularly apply economic analysis to identify the main factors behind
the competitive effects of mergers (e.g., see Miller and Sheu, 2021; Valletti and Zenger,
2021). While the existing methods have often focused on differentiated Bertrand com-
petition, our paper shows that also in the case of Cournot competition, the competitive

effects of horizontal mergers can be evaluated based on simple, observable parameters.

https:/ /www.promarket.org/tag/promarket-merger-guidelines-symposium/.

7E.g., the European Commission recently approved unconditionally the merger between Arcelik and
Whirlpool, two producers of domestic appliances, despite market shares exceeding 50% in certain Mem-
ber States (see Case M.11086 Arcelik/Whirlpool). On the other hand, it prohibited the proposed merger
between Tata Steel and ThyssenKrupp, two producers of steel, although market shares were below 30%
in the relevant market (see Case M.8713 Tata/Thyssen).
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7 Conclusion

This paper has assessed the competitive effects of horizontal mergers in the Cournot
model with heterogeneous firms and constant marginal costs. We have shown that
price effects depend only on the smaller merging firm’s market share and the number
of firms but are independent of the distribution of shares among other firms, including
that of the larger merging firm. Standard concentration measures, instead, can be seri-
ously misleading. For example, mergers that affect multiple markets exhibit a negative
relationship between concentration and anticompetitive effects across markets. More-
over, the cost efficiencies needed to prevent a price increase are substantially larger
than the actual price effect of a merger without efficiency gains. We also provided
simple—yet general—closed-form solutions for merger effects based on straightfor-
ward pre-merger parameters. Finally, we have shown how to extend our results to
mergers that increase market power both in upstream and downstream markets, find-
ing that similar results apply and that the interaction between the two markets can rise
but also dampen price effects.

While standard, it is well-known that the assumption of constant marginal costs is
not innocuous in Cournot competition (e.g., see Perry and Porter, 1985). Indeed, with
constant marginal costs, firms only differ in their technological capabilities via differ-
ent cost levels.”® With increasing marginal costs, on the other hand, firms may also
differ in their productive capabilities.”” In Online Appendix B, we therefore analyze
the case of increasing marginal costs, using the widely employed model by Perry and
Porter (1985) and McAfee and Williams (1992) in which firms have quadratic costs that
decrease in their respective capital endowments.

Many (though not all) of our results turn out to apply also in the case of increas-
ing marginal costs. In particular, we show that also in the Perry-Porter model, it is
possible to derive a closed-form solution for Ap/p that solely relies on simple pre-
merger variables. As before, in multi-market mergers, there is a negative correlation
between concentration and anticompetitive effects. Moreover, the CMCR tends to be
significantly larger than the price effect of a merger absent efficiencies. The result that
does not apply in the case of increasing marginal costs is that Ap/p only depends on
the smaller merging firm’s share. Since market shares reflect the size of firms’ capital
stocks in Perry and Porter (1985), the market shares of all firms now matter for merger
effects. Even so, we show that a weaker version of Proposition 1 continues to hold in

this case: The price effect of a merger is generally impacted most by the smaller merg-

8This can be a sensible representation of firms with different efficiency levels engaging in capacity
competition (Kreps and Scheinkman, 1983).

%E.g., this can be a sensible representation of firms facing heterogeneous capacity constraints or when
firm growth is otherwise limited (see Penrose, 1959, and Slater, 1980).
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ing firm’s share. In other words, while the Cournot model with increasing marginal
costs does not display such an extreme focus on the market share increment anymore,
the smaller merging firm’s share continues to be the central driver behind the potential

for anticompetitive effects.

Appendix

Proof of Proposition 1
To derive (4), we use the formulas for s} given by (2) and s}, i = 3,...,n, given by
(3). Summing up these n — 1 equations and noting that ) " , s = 1 yields

| =c {1—£<1—§—u>+(n—2)—%((n—2)—ﬂ>}.

€

Rearranging the last equation then gives (4).

Besides sy, the right-hand side of (4) depends on n, 4, €, and *. We first show that,
given z, a permutation of pre-merger market shares among firms i = 2, ...,n does not
affect any of these variables. To see this, note that, from (1), s; = (1 —¢;/p) ¢ for all
i = 1,...,n. This implies that the market shares s; and s;, of any two firms j and & differ
if and only if they have different marginal costs ¢; # cx. Thus, given z, differences in
market shares are only due to differences in firms’ marginal costs.

Next, we show that z stays constant with a permutation of firms” marginal costs
that keeps aggregate marginal costs (i.e., Y., ¢;) constant. Summing up the first-order

conditions p (x) — ¢; + x;p’ (z) = 0 across the n firms yields

n

np (z) + xp’ (z) = Z ¢ (18)
i=1

The equilibrium quantity z is uniquely determined by (18) as the left-hand side is
downward-sloping by the assumption p’ (z) + zp” (z) < 0 and the right-hand side is a
constant.®’ From (18), a permutation of pre-merger market shares among firms 2, ..., n
that holds = constant requires a shift in marginal costs among firms 2, ..., n such that
>, ¢; remains constant. Therefore, such a shift does not have an impact on n, x1, and
e: First, n is a parameter of the model and therefore independent of marginal costs.
Second, while ;1 = e/p(z) and € = —p (x) / (xp’ (z)) are endogenous variables, they are
independent of marginal costs given that x does not change.

Finally, the variable ¢* = —p (2*) / (z*p’ (2*)) is also endogenous. However, by a

%0See Bergstrom and Varian (1985) for a similar analysis, which is, however, unrelated to mergers.
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similar argument, ¢* is unaffected by a shift in marginal costs between firms 2, ..., n:

Summing up the n — 1 first-order conditions of the post-merger situation yields
(n—Dp () + 2% (z*) = Z o= Zci —e.
i=2 i=2

Since a shift in marginal costs does not affect Y. , ¢;, the post-merger equilibrium z*
must therefore remain unchanged, too. This implies that, given pre-merger output z,
the distribution of the market shares of firms 2, ..., n is not relevant for £* either.

In summary, given z, an arbitrary permutation of market shares s,, ..., s, does not
affect any of the variables n, (4, ¢, or €*. Since Ap/p depends directly on s; but not on

any other market share, it therefore does not depend on s, ..., s,,. B

Proof of Proposition 3
Without loss of generality, assume p? > pB, that is, market A is the market with the
higher price. From (1), s = ml'c" fori,j = 1,...,n and h € {4, B}. Hence, as above,

h

¢; < ¢; implies s} > s”, that is, the ordering of market shares is identical in the two

markets. Moreover, we have

which implies
ph—c

(19)

The right-hand side of (19) is increasing in p* if and only if ¢; < ¢;. Hence, p* > p?

implies
sB

o
S

<

<

%
Ry

S

»

if and only if ¢; < ¢;, that is, the market share of the smaller firm j relative to that of
the larger firm 7 is greater in market A compared to market B. Therefore, while the
ordering of firm sizes is identical across markets, smaller firms have relatively larger
market shares in the market with the higher price (i.e., market A) than in the market
with the lower price (i.e., market B). For larger firms, the opposite holds, that is, their
market shares are relatively smaller in market A than in market B. Therefore, market
shares in market A are compressed relative to those in market 5.

We next show that this implies that the HHI is smaller in market A than in market
B. The HHI in market h € {4, B} is given by H" = 3" (s¥)”. Since market shares
of firms with relatively higher shares are reduced in market A compared to market B,
whereas the opposite holds for firms with relatively lower shares, the market shares in
A can be expressed as a shift of the market shares in B from firms with higher shares

to firms with lower shares. Denote by A such a bilateral shift from a firm with a higher
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market share sy to a firm with lower market share s;, < sy, where A is sufficiently
small to preserve the ordering of firms with respect to market shares (i.e., the firm with
the higher market share is still the larger firm after the shift). From the definition of the
HHI, such a bilateral shift of market shares affects the HHI as follows:

OH
a—A:4A+2(8L—SH)<O,

where the sign follows from the fact that A is sufficiently small. Since a compression
of shares in market A relative to market B can be expressed as a sequence of such
marginal shifts, we must have H4 < H?, as stated in the first part of the proposition.
Furthermore, as explained in the main text, the critical efficiency required to main-
tain prices at pre-merger levels is 1 = s;/e. From (1), this is equal to m;. Since

mit > m?P, the second part of the proposition follows. B

Proof of Proposition 4
Denoting the critical efficiency by e, the ratio of the critical efficiency and the

price effect is e / Ap. We first note that the price effect of a merger without efficiency

gains can be written as [ (—p/(y)) dy, where x is the pre-merger quantity and z* is the

post-merger quantity.

We next determine the pass-through rate of e in Cournot oligopoly. The first-order
conditions in the post-merger situation are p(z) — (c2 — €) + z9p/(x) = 0 for the merged
firm and p(z) — ¢; + ;' () = 0 for all firms ¢ = 3, ..., n. Summing up these n — 1 first-
order conditions yields (n — 1)p(z) — (Z;LZQ cj — e) + xp/(z) = 0. Using the implicit

function theorem, we thus have

dx 1

de P (@) fn—o(2)]

where o(z) = —xp”(x)/p'(z) is the demand curvature. This implies that

dp dpdr 1
de drde  n—o(x)

When moving from the pre-merger to the post-merger situation, the effect of e on the

price can therefore be written as

x

1
- / ey (20)

xT*

Since the efficiency is zero in the pre-merger situation where the equilibrium quantity

is  and equal to e in the post-merger situation where the equilibrium quantity is z*,
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Ae =e.
The critical efficiencies " fulfill the property that they exactly offset the price

increase resulting from a merger. Using (20), this implies

x x

—/n_;g(y)e”“dy+/<—p’(y))dy=0-

x* x*

Solving the last equation for e and using that Ap = [ (—p/(y)) dy, the ratio e /Ap

can be written as
T

i (n=o ) (=P (y)dy

- . . 1)
o J () dy

Our assumption p'(z) + 2p”(x) < 0 implies that o(x) < 1. Therefore, the first term in
the integrand of the numerator on the right-hand side of (21) is larger than n — 1 for all
values of 2. As a consequence, given that ;1 = e¢/p and therefore e /Ap = ji/(Ap/p),
the CMCR exceeds the (relative) price increase of a merger without efficiency gains at

least by a factorof n — 1. B

Proof of Proposition 5
We start by determining the relationship between demand curvature and cost pass-
through rate in Cournot oligopoly. Summing (1) for all ¢ = 1,...,n and rearranging

yields p (x) — ¢ + xp’ (x) /n = 0. Using the implicit function theorem, we thus have

dx 1 n

de  p(x)n+1—o(z)

The pass-through rate p(x) is (dp/dx) (dxz/dc). From the last equation, we obtain

n

) = T o) 2)
or ]
n —
o(x)=n— ) (23)

Hence, there is a one-to-one mapping between p (z) and o () as stated in the main text.
Moreover, it follows from (22) that p*(x) = (n — 1) / [n — o(z)] because the number of
firms post-merger is n—1 instead of n. Solving for o(x), substituting back into p(x), and
rearranging then yields p*(z) = (n — 1) / [n/p () — 1]. Hence, there is also a one-to-one
mapping between p(z) and p*(x).

Using (23), we now determine the (relative) price effect of a merger in case of con-

stant pass-through. First, the price effect is zero if e = e = pii = ps; /e. Second, from
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the proof of the previous proposition, the pass-through rate of the cost efficiencies is
dp/de = —1/(n — o (x)). Therefore, for any e # e, we can determine the (relative)
price effect by integrating the (relative) pass-through rate between ¢“* and the actual

cost reduction e. This yields

7= | w2 @4

psi/e
Inserting o(z) = n — (n — 1)/p(z) from (23) into the last equation yields

%_ S1 — UE
p e(n/plz)—1)

As p(z) is constant for constant pass-through rate and equal to p, we obtain the result

of Proposition 5. B

Proof of Proposition 6

We start with case (i). Consider first the extreme case in which demand becomes
infinitely concave, that is p”(x) — —oc. This is equivalent to approaching a rectangular
demand function, which implies that the price is unchanged after a merger; hence,
Ap/p — 0.

We next look a the other extreme case, that is, p”(x) — 0, which implies that de-
mand becomes linear and therefore o(z) = 0. Inserting this into (24) yields Ap/p =
(s1 —eu) / (en). Since o(z) < 0 for all p”(z) < 0, it follows that Ap/p must be between
0 and (s; — eu) / (en) for all concave demand functions.

Turning to case (ii), the first extreme case for a convex demand function is again the
linear demand function, leading the same result as above. The other extreme case for
a convex but log-concave demand function is the log-linear demand function p (z) =
a — Blnz. With this demand function, o(z) = 1. Using (24), this leads to Ap/p =
(s1 —ep) / (e(n —1)). By the same argument as in case (i), Ap/p cannot be outside the
two extreme cases for any demand function with a curvature between a linear and a
subconvex demand function.

Finally, for case (iii), a subconvex demand function cannot be less convex than the
log-linear function, for which Ap/p = (s; —ep) / ((n — 1) €). On the other hand, a sub-
convex demand function cannot be more convex than the isoelastic demand function,
which implies ¢* = ¢. Using this in (4) yields Ap/p = (sy —pe) /(e (n—1) —1). As
above, Ap/p cannot be outside these two bounds for any demand function with a cur-

vature between a log-linear and an isoelastic demand function. B
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The Competitive Effects of Mergers
with Cournot Competition
Online Appendix

This Online Appendix consists of seven sections. In Section A, we provide the proofs of
Propositions 8 and 9. In Section B, we analyze the case of increasing marginal costs. In
Section C, we briefly discuss that most of our results continue to hold if efficiencies are
a function of pre-merger marginal cost. In Section D, we demonstrate the conditions
for profitability of mergers. In Section E, we provide an illustration of Proposition 1.
In Section F, we prove the results with respect to consumer surplus. Finally, in Section

G, we derive the results for Multinomial Logit Demand.

A Proofs of Propositions 8 and 9

Proof of Proposition 8

To determine the price effect in the situation in which both the demand and the
supply function are elastic and have the same curvature, we proceed in a similar way
as in the proof of Proposition 5. We first determine the pass-through rate of e in case
both functions are elastic. The first-order conditions in the post-merger situation are
p(x) —w(x) — (ca — ) + 2 (p'(x) —w'(x)) = 0 for the merged firm and p(z) — w(z) —
¢+ (p(x) —w'(x)) = 0 for all firms i = 3,...,n. Summing up these n — 1 first-order
conditions yields (n — 1) (p(z) — w(z)) — (z;;Q ¢ — e) + 2 (p(x) — w'(z)) = 0. Using

the implicit function theorem, we obtain

dp , . dv p'(v)
o =P ()

de (p/(x) = w'(2)) (n— o ()

where o () is the curvature of the demand and supply function.
Using this pass-through rate of the efficiencies, we can now determine the price

effect Ap/p. From the main text, the price effect is zero if i = s1(x)/é(z) or

=) (22 12

€D €s
For any other value of e = pp(x), the (relative) price effect is given by

pup(z)
B P'(z) .
» o) ( W) —wf(a:))(n—ff))d ’

e (5+22)




where we replaced o(z) by o as the demand and supply function has constant curva-

ture. Simplifying then yields

s1(z) (=) w(z) s1(x
Ap ) (psD t s ) —H , 1) (2(—p/ () + ' (7)) — 1
=p =p'(z) =

—s (x)p’(w)x _ p'(z)

pi@)  Hr@—w@) (25)
n—o '

In the same way as in the proof of Proposition 5, we can determine the pass-

through rate. This yields

dzx n

de  (p(x) —w'(@) (n+1-0)

which implies that the pass-through rates into the final consumer price and the input

price are respectively

P (z)n dw w'(z)n

de (P'(x) —w'(z))(n+1—0) dc (p'(z) —w'(z)) (n+1—0)
(26)

Therefore, p$, — p% = p5, = n/(n + 1 — o). Using the equations in (26) together with

<0t

e = —p(z)/ (p'(z)x), we can write (25) as

(@)6 _ si(x)/eh — pon/(Pp — PS)
p n/(pp — pg) — 1 '

Replacing 1 by p¢ and si(z) by s{, to represent that in this equation the relative ef-
ficiency gain and firm 1’s market are those for an elastic input price, and rearrang-
ing the equation yields (11). Using the result of Proposition 5 that Ap/p with con-
stant input price is (s§/e, — p) / (n/p} — 1) and that pg, — p§ = p%,, we can subtract
(s§/e5 — pn©) / (n/pg — 1) from the right-hand side of (11) to obtain (13).

Proceeding in the same way to determine the effect on the input price, we obtain

(ﬂ)e _ —si/es + itps/ (s — D) 27

w n/(pp —ps) — 1

which is (12). Moreover, following the same steps in the proof of Proposition 5 yields

Aw\* _ —si/es+ e
w —n/ps—1
!t is straightforward to see that dp/d¢ and dw/dc depend on z via the terms p'(z)/ (p'(z) — w'(x))

and w'(z)/ (p'(z) — w'(x)), respectively. Therefore, within the class of functions that exhibit constant

curvature, the two pass-through rates are constant if and only if the curvature of p(z) and w(z) is the
same.

(28)




if the output price is constant. Subtracting the right-hand side of (28) from the right-
hand side of (27) and using that p$, — p§ = —p§%, the result in (14) follows.

Finally, we turn to the comparison of firm 1’s market share with an elastic supply
function and a constant one. To carry out this comparison, we determine the respective
market shares of firm 1 for the three different types of constant curvature functions.

We start with the power function. As written in the main text, in that case the
demand function is p(z) = «a — Bz° and the supply function is w(z) = v + k. For
6 = 0, the input price is constant. As shown in Online Appendix E, firm 1’s market
share is then?

n(é—c)+o(a—y—kK—c)

5= nd (a« —y— Kk —¢) . 29)

Instead, for ¢ = ¢, the equilibrium quantity is

- (plsimay

Using this in the first-order condition of firm 1, which is given by

x1302° 5 T1KOT0
-7 — K2’ — =0,
x

a— Bz’ —c¢ —

and noting that s; = z;/x yields

n(ic—ca)+oé(a—y—c)
nd (o — v —¢) '

e _
Sl—

Therefore,
B k(n+9)(cp —¢)
Cnd(a—y—0)(a—y—Kk—20)

which implies that s§ > s{ if and only if ¢; > ¢ = (22;1 cj> /n.

For the log-linear function, the demand function is p(z) = a — f1n(z). The supply
function in case of constant input price can be written as w(z) = 7, whereas in case of
an elastic input price with the same curvature as the demand function, it can be written
as w(z) = v+ kIn(x). Proceeding in the same way as with the power demand function

then yields
n (E - Cl) + B
np ’
2The formula is slightly different from (44) in Online Appendix E because there we did not consider

the input market. This is equivalent to v = 0 and x = 0. Therefore, the only difference between (29) and
(44) is that in the former « is replaced by o — v — k.

c _
Sl_




in case the input price is constant and

Se_n(é—cl)+5+/f
e n(f + k)

in case the input price is elastic. Therefore,

k(¢ —¢)

BB+r)

51— 81 =

which implies that s§ > s{ if and only if ¢; > ¢.
Finally, for the CES function, the demand function can be written as p(z) = a+3/x°

and the supply function as w(z) = v — x/2’. Here we obtain

n(ci—¢)+dé(a—y+K—c)

1= né (@ —y+k—7) '
for 6 = 0 and
Se_n(cl_5)+5(a—’y—01)
L nd (o — v —¢)
for 0 = ¢. This yields
5 s = k(n—20)(cp —¢)

nd(a—vy—¢)(a—y—r—2)

which, as k > 0 and n > 4, also implies that s{ > s{ if and only if ¢; > ¢.

In the situation in which the input price is elastic, we can follow exactly the same
steps to compare firm 1’s market share in case of a fixed output price with that where
the demand function has the same curvature as the supply function. We obtain in case
of the power function and the CES one that s{ — s{ is the same as above, just with
replacing «. For the log-linear function, 5 and & are reversed in the formula for s{ — s§.

Because S > 0 and x > 0, all results hold as above. W

Proof of Proposition 9

For the case of Cournot competition, the profit function of firm ¢ is

n
IL;(x) = (Oéz' — Px; — Z ﬂUj) Liy
j=1.j#i
which, after maximization, leads to a system of first-order conditions given by

o; — 2Bz — 7y Z z; =0, i=1,...,n.
j=1,j#i



Solving this system of first-order conditions yields equilibrium quantities of

a; 28+ (n—1)y) — 72?:1,#1‘ Qj
28+ (n—1)7) (28 —7)

The equilibrium prices (net of marginal costs) are p; = fSz;. From the equilibrium

quantities given in (30), we can determine firm ¢’s market share to get

a; (28 + (n—1)y) —v Z?:l,j;éi O‘j.

CIER G

S; =

From (31), it is easy to see that firms k and ¢ have different market shares if and only
if o, # ay. Moreover, a permutation of market shares is achieved via a permutation
of o, and ay. Specifically, rising a;, by some amount A and decreasing a, by A leaves
the denominator of (31) constant and also does not affect the numerator of all firms
i # k,{, because it leaves ) J7_, ,; ; constant. However, this permutation increases sx
by A (25 + ny) and lowers s, by A (28 + ny). This implies that market shares change
linearly in a permutation of a;, and a.

Consumer surplus in equilibrium is given by

CS:Zajxj Zx — Z T +m — ijxj7
j=1

J=1k#j

with z; given by (30) and p; = fz;. Plugging the equilibrium values into C'S yields

1 2 n — CK
T EY S G {45 B+ =20y Z i

n n

—722%2'[5(5—( —4)(n —3)) +v(n —1)(n — 2)]—* ajay | (n_2)_,y]}.

J=1 k=1, k#j
From this formula, one can derive that the consumer surplus is not independent of
a permutation of market shares. An increase in a; by A and a reduction of o, by
A changes the value of the consumer surplus by (8 — 7)A (i — oy + A) / (28 — 7)°.
Therefore, consumer surplus depends on A.

We now turn to the post-merger case. If firms 1 and 2 merge, the profit function of

the merged firm is

Hm(x) = <a1+e—5x1—’yzxj> T+ (O&Q‘i‘e—ﬁl'z—")/ Z 35]-> Z2.

Jj=2 J=1,j#2

The profit function of a non-merged firm i is as in the pre-merger case. After maxi-



mization, we again obtain a system of n first-order conditions. Solving it yields that

the equilibrium quantity of a merging firm k = 1,2 is

(ar+e) (462 — (n —2)v* +2(n — 3)B7) — y(az_r +e)(48 + (n —4)y) = 27(B —7) Y13
4282 =72+ (n—=1)B7) (B — ) ’

*
T =

whereas the equilibrium quantity of a non-merging firm ¢ is

e (462 = 29* +2(n = 2)B8y) = 287375 ;4 5 — V(28 — 7) (a1 + az + 2¢)
b 2(202 =2+ (n—=1)67) (26 =)

The resulting equilibrium prices (net of marginal costs) are then

. (ot e) (48 + (n—4)7* +2(n = 1)By) —y(asx +e)(n —2) =29(B+ ) Xj 50y
e 4262 =72 + (n ~ 1)B1)

and p; = Bz;. Using the values for z; and z], we can determine firms’ market shares

to get

(o +¢) (48° = (n = 2)9* + 2(n = 3)B7) — Y(es—r + )48+ (n —4)7) = 29(B =) Xj 50y
2 ((28 = 7)o + 00 +20) + 265, (B )

*

Sk}:

a; (487 — 292 +2(n — 2)B7) — 2687 3" jui 0 — V(28 = 7) (e + g + 2e)
(28 =)(o1 +as +20) +28 Y7, ) (28— )

*_
s =

Plugging the equilibrium quantities and prices into the formula for consumer surplus,
we can show in the same way as above that it is not independent of a permutation of
market shares.

We can now determine how the difference between the pre-merger consumer sur-
plus and the post-merger consumer surplus changes in the permutation of market
shares between two non-merging firms k,¢ # 1,2. To determine this change, it is

sufficient to focus on the following terms of consumer surplus:

B
Ty + Ty — 5 (xi + x?) — VTkTe — PrTk — PeLy- (32)

This is because z;, with j # k, ¢, is not affected by a permutation of oy, and «,. There-
fore, all other terms in the formula for consumer surplus stay constant if oy, increases

by A and ay falls by A. Determining the difference between the post-merger and the



pre-merger case for (32), we obtain

7 (28 =8+ (n = 1)) Ty + 292 iy 0
128 =+ (n—1)37)°28 = 1?28 + (n— 1)7)?

X

x| 200k + ) (48" + 4By (n = 2) + 5292 (n? = 7) + B9 (207 + 4 = Tn) — 7 (20 - 3)) -

n

—YBB+7) D [(28 =128+ (n = 1)7) + (48° = 7 + 2(n — 2)B7) (a1 + g + 2¢)] .

j=3
From this formula, one can see that replacing a; by a; + A and o, by a, — A leaves
the equation unchanged. Therefore, the change in consumer surplus resulting from a
merger is independent of the permutation of market shares of non-merging firms.

For Bertrand competition, we invert the system of indirect demands given by (16)
to obtain the direct demands. The way to do so was shown in Hackner (2000). It yields

(17), which can be written as

zi(p) = a; —bp; + T Z pj, t=1,..,n,

J=1,j#i
with
o — O‘i_VZ;L:L#iO‘j b— (B+(n—2)y) and T — 2l
BB (n=1)y) B=" B+ n—1)y) B=7B+n-1

We can then determine market shares and consumer welfare pre-merger and post-
merger in the same way as with Cournot competition. Because the structure of the
demand system is the same as in Cournot, we obtain again the result that the difference
in consumer welfare between the situation with and without a merger of firms 1 and 2
is independent of ss, ..., s,,.

We finally analyze how a sum-preserving spread between the market shares of the
merging firms 1 and 2 affects consumer surplus. As above, because z;, j = 3,...,n, do

not change if «; decreases by A and a, increases by A, we can focus on the terms

5
01 T1 + Ty — 5 (JU% + x%) — YT1T2 — P11 — P2X2.

Determining the effect of such permutation on the difference in consumer surplus re-
sulting from the merger in case of Cournot competition yields

Ay (48 — 37) (ag — ay — 2A)
4B-7) 28—




Therefore, for a; < vy, this difference is strictly positive if the permutation preserves
the ordering of firms’ market shares, that is, a; — a; — 2A is strictly positive. It follows
that a decrease in the market share of the smaller merging firm (i.e., firm 1) and a
respective increase in the market share of the larger merging firm (i.e., firm 2) so that
s1 + s stays constant, increases the difference between consumer surplus post-merger
and consumer surplus pre-merger. Therefore, such a sum-preserving spread has a less
negative or more positive effect on consumer surplus.

For Bertrand competition, we can proceed in the same way to get

A7y (48 4 137) (ag — ag — 24)
4(8 =) (26 +77)°

Therefore, also for Bertrand competition, such a sum-preserving spread implies that

the change in consumer surplus is less negative or more positive. W

B Increasing marginal costs

In this section, we determine how the results of Propositions 1 to 4, need to be mod-
ified if marginal costs are not constant but increasing. To do so, we follow Perry and
Porter (1985) and McAfee and Williams (1992) and use their Cournot model with linear
demand and quadratic costs.

There are n firms, denoted by ¢ = 1, ..., n. Each firm i chooses its quantity x;. The
inverse demand function is linear and given by p(z) = o — Sz, where z = " | z;. The
cost function of each firm i is 2?/(2k;), where k; is firm i’s capital endowment.

In this framework, we obtain the following result for the price effect of a merger

between firms 1 and 2:

Proposition A1 In the Cournot model with linear demand and quadratic costs, the price

effect of a merger is given by

A 2 1 -
A PR
p 5152 2e — 81 — S9

where ¢ is a function of all firms” market shares, s1, ..., s,.

Proof The profit function of firm i is (o — Bz) x; — 2/ (2k;). Maximizing this func-

tion with respect to z; yields the first-order conditions

a—ﬁx—ﬁxi—ﬁzo, i=1,..,n.

ki



Solving this system of n equations for the equilibrium quantities yields

a B 1
(L‘Z-: —_ 5 1 = 7...,n,
3\1+B

where (using the definitions of McAfee and Williams, 1992)

B = Fk: and B := Zﬁj.
j=1

1+ Bk,

It follows that

a B and «Q
r=—|———= = .
3\1+B P=17B

Therefore, the market share of firm i is s; = x;/x = (;/B. Moreover, inserting the
equilibrium values into ¢ = —p(z)/((zp/(z)) yields ¢ = 1/B.

Next, consider a merger between firms 1 and 2. Such a merger combines the capital
of both firms in a single entity. Denoting post-merger variables with an asterisk, as in
the main text, the capital of the merged firm is then given by £}, = k; + k. The value
 for the merged firm, £}, is thus 5, = [B(k1 + k2)] / [1 + B(k1 + k2)]. Using the pre-

merger variables 3; and /3, it can be written as

8 = B+ B2 — 26153,
" 1—piB

As the capital of all firms ¢ = 3,...,n stays unchanged, we have 37 = 3, for all i =
3,...,n. Therefore, the value of B that determines aggregate output post-merger is
B* =B+ f;, — b1 — b

The price effect of a merger is then given by

*

Ap _p

| _TF | _B-P

p =

Inserting (3}, into the expression for B* and using it in the expression for Ap/p yields

Ap _ B152 (2 — b1 — B2) (34)

» (1=BiB)(1+B)—Bife(2— i~ B)

Finally, using 8; = s1B, B2 = soB, and B = 1/¢ in (34) we obtain

e[ 65|
L e e I AR A

Therefore, Ap/p directly depends both on firm 1’s and on firm 2’s market share. In




addition,
1 1 1

B Y5 :ZT‘ ( L )

J=1 \ 1+B8k;

E =

As the market share of each firm i depends on its capital k;, and ¢ depends non-linearly
on the different endowments k;, i = 1,...,n, it is evident that differences in capital
endowments, and therefore differences in market shares between firms, affect . It

follows that Ap/p depends on all firms’ market shares via ¢.> W

Itis clear from this result that Proposition 1 does not hold with non-linear costs. Be-
cause ¢ depends non-linearly on firms’ capital endowments, which in turn determine
firms’ market shares, Ap/p depends on the market shares of all firms.*

Despite this fact, it is possible to show that the market share of the smaller merging
firm matters more for merger effects than the market share of the larger merging firm.
We state this result formally in the next proposition.

Proposition A2 The price effect of a merger Ap/p increases more strongly in s, than in

sy if and only if 51 < ss.

Proof As in the proof of the previous proposition, we firstinsert s, = 5k / [B(1 + Sks)],
SS9 = Bk’g/ [B(l + ﬂk‘g)], and ¢ = 1/B, with

Bk
_1+5k1 1+5k2 ]Z:lJrﬂk

into the formula for Ap/p. This yields

P (L BR) (U Bka) (1 5 1+ B+ k) (14 7y 755 ) )
Taking the derivative of (35) with respect to k; and k», we obtain
o (2ar
—< ’) = (36)

Ok

3In the spirit of Nocke and Whinston (2022), we can also express Ap/p with the help of the merger-
induced change in the HHI. Denoting this change by AH, we have AH = 2s;55. Defining sas := s1 + s2
as the combined market share of the merging parties, the price effect can then alternatively be expressed

as )
Ap _[(2e* N\ ( 1+e )\ 4]
p N AH 2e —sp .
4In other words—and in contrast to the proof of Proposition 1—a shift in capital endowments from
firm j to firm k # j will affect equilibrium output and thus also the equilibrium value of € and therefore

Ap/p.
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Bk |2 (L+ ko) (2 + Bk + k) (g 725 ) + B (2 + 5k + B(2K3 + Ak — K3))|

(1 + Bk1)2(1 + Bhs) (1 +Z] 5 1+6k + B(k1 + ko) (2+Zj =3 1+Bk ))2

>0

and

o [ Ar
gk;g ) B (37)

B2k, 2+<1+5k1)<2+5<2k1+kg))(Z?swk)+6(2k2+5k1+5(2k2+4k1k2 8))] O
= > U.

2
(14 Bha)2(1+ ) (14 i s + Bk + k) (24 20, 195 ))
Subtracting (37) from (36) yields

o(%) (%) s = ) 2+ Bl + ) L+l + o)

Ok, Oky (1 + Bk1)2(1 + Bky)? (1 + s 1+ﬁk + B(k1 + k) (2 + s 1+,8k )) |

Therefore, Ap/p increases more strongly with k; than with k5 if and only if k1 < k.

Since s1 < s3 for k; < ko, the result of the proposition follows. B

In contrast to the case with linear costs, if firms have quadratic costs, the capital
endowment—and therefore the production technology—of both firms matter for the
post-merger equilibrium. In particular, with increasing marginal costs, also the capital
of the smaller firm is used post-merger. The result with respect to the price effect
is therefore less extreme with increasing marginal costs because not only the market
share s; determines Ap/p. However, the result of the last proposition implies that the
spirit is similar, as the market share of the smaller merging firm continues to be more

important for merger effects than that of the larger merging firm.

Within the framework outlined above it is not directly possible to analyze merger-
induced entry and exit. The reason is that the marginal cost of each firm i goes to zero
as z; — 0. This implies that even a firm with little capital endowment is active per-
merger and post-merger as it adjusts its quantity so that its marginal cost is below the
equilibrium price. We can therefore not establish a direct equivalent to Proposition 2.
However, if we consider a slight modification of the model in which firms in addition
to their cost function z7/(2k;) also have very small fixed costs, then firms whose quan-
tity would be below a threshold value z (that is also very small) are not active. Such a
firm then becomes active after the merger if the post-merger equilibrium price is larger
than the pre-merger one and becomes inactive if the reverse holds true. We can show
that in such a framework a very similar result as in Proposition A2 holds, that is, the
price effect still depends more strongly on the smaller merging firm’s market share

than that of the larger merging firm. Although the formula for Ap/p is more involved

11



than (33), the insights are basically the same.’

We next determine how Proposition 3 of the main text needs to be modified with
increasing marginal costs. To do so, suppose that there are again two markets A and
B. The same set of firms is active in each market. However, the markets differ in the
slope of the inverse demand function. Specifically, this slope is 3 in market A, but 5%
in market B, with 8% # 3. This gives again rise to different values of the the HHI in
the two markets.®

Following Froeb and Werden (1998), we can determine the compensating marginal
cost reduction using the pre-merger share-weighted average marginal costs as our cost
measure, that is, (s;MCy + s2MC5)/(s1 + s2), where M C; denotes the marginal cost of
firm ¢ = 1, 2. With quadratic costs, profit maximization results in a similar equation as
(1) such that s; = e(p — MC;)/p, which can be rewritten as M C; = p(e — s;)/e. Substi-
tuting this into the average share-weighted marginal cost and denoting the marginal
cost of the merged entity as M C,,, the CMCR can be derived as

s1MC1+saMC plsi(e—s2)+s2(e—s2)]  ple—s1—s2)
CMCR _ . 814—82 ~2 MCm _ 5(51+82) 51 _ 25182
p % e(s1 + $2)

To simplify the exposition, we suppose that all firms but one are symmetric and
have a capital endowment of k. Denoting the different firm by firm 1, we therefore
have ky = k3 = - - - =k, = k. Instead, firm 1’s capital endowment is k; = k£ + §, where

§ can be positive or negative. We can then show the following result.”

Proposition A3 The compensating marginal cost reduction is larger in the market with
the lower HHI.

Proof Inserting s, = [™ky/[B(1+ 8"k2)], sa = ["ks/ [B(1+ ™ks)], with m €
{A,B}, and ¢ = 1/B into the formula for the CMCR in market m and simplifying
yields

26"k ko
CMCR™ = .
key + ks + 287 koky

Differentiating with respect to 5™, we obtain

OCMCR™  2kiks(ky + k»)

apm™ (k1 4 kg + 28mkyky)”

Therefore, the compensating marginal cost reduction is larger in the market with the

°The calculations are more complicated than those in the proofs of Propositions Al and A2 and are
therefore omitted. They are, however, available from the authors upon request.

®As in the main text, the difference in market environments can also be due to changes in the condi-
tions, and therefore the slope, in the same market over time.

’We confirmed via numerical simulations that the result also holds if firms 2 to n are asymmetric.
However, due to complexity of the model, we cannot show this analytically.
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higher ™.
We next determine how s}* changes with ™. As stated above, si* = 87k, / [B(1 + k).

Inserting the respective value for B, we obtain

B (k +9)
(1 B+ 6)) (25025 + (0 — 1) 2557 )

mo__
Sl —

Taking the derivative with respect to 5™ and simplifying yields

osi* _ kd(k+0)(n—1)
B™ (64 kn(1 + Bk + 6n))* (38)

It is evident that the sign of (38) depends on the sign of 6. If § > 0, ds7*/98™ < 0.
Therefore, the larger 3™, the smaller the market share of a firm that has a market share
above the market share of the other firms. This implies that the HHI falls. Instead, for
d < 0, 0s1/0™ > 0, which implies that the market share of a firm that has smaller
market share compared to the other firms increases with 5™. This then leads to a fall in
the HHI. Taken this result together with the result that 90CMCR™/05™ > 0, we obtain
thatif e.g. 34 < 8%, then HHI* > HHI®, but CMCR* < CMCR?. W

Therefore, the result of Proposition 3 carries over to the case with increasing marginal
costs, that is, the critical efficiencies required to prevent a price increase from a merger

are larger in the market that is less concentrated.

Finally, in the same way as in the main text, we can compare the price effect with
the CMCR.

Proposition A4 The CMCR is always larger than the price effect Ap/p.

Proof The ratio of the CMCR over the price effect is given

CMCR  2(e*(14¢)+ s152(s1 + 52 — 1 — 3¢))
Ap/p e(s1+ $2)(2e — 51 — s9) '

This expression is above 1 if and only if

2 (282(1 + 8) + 28182(81 + 89 — 1-— 26) — & <81(2€ — 81) + 82(28 — 82)))
5(81 + 82)(26 — 8§71 — 82)

> 0. (39)

Due to the fact that ¢ = 1/B, whereas s; = (;/B, with 8; = pBk;/(1 + pk;) < 1, the
denominator of (39) is strictly positive. We next determine the sign of the numerator.
Inserting sy = fk1/ [B(1 + Bk2)], s2 = Bke/ [B(1 + Sks)], and € = 1/B, with

Bk
B =
T+ By 1+Bk2 jzlJrﬁk
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into the numerator of (39) and simplifying yields

(1 Bh)(L+ Bho) [2 + 2821k (24 B(ky + k) + B (4lks + ko) + 36(k +43)]
3
(BCks + ko + Bk + (1+ Bl )(1+ Bhka) iy 725 )

2(1 4 Bk1)*(1 + Bk2)?(1 4 B(k1 + k2)) Z?:s 1f2jkj
(6(k1 + kg + Bhika + (1 + k1) (1 + Bka) 704 %)3

As the expression is strictly positive, it follows that the compensating marginal cost

_|_

reduction always exceeds Ap/p. B

With constant marginal costs, we could show that the CMCR exceeds the price
effect by factor at least as high as n — 1. As the model with increasing marginal costs is
more complex, we cannot make a similarly general statement about the ratio between
these two measures. However, via numerical examples, it is easy to verify that also in
the case of quadratic cost, the ratio CMCR/(Ap/p) is often very large. For instance, if
e =1, = 10%, and s; = 20%, then, the CMCR exceeds Ap/p by a factor of around
7.55. If 51 falls or ¢ increases, this factor gets even larger. E.g., if ¢ = 1 and s, = 20%
but s; = 5%, then CMCR/(Ap/p) ~ 8.97 and s; = 10%, and s; = 20%, but e = 2,
then CMCR/(Ap/p) ~ 10.697. Therefore, Proposition 4 qualitatively also holds with

quadratic costs.

C Efficiencies depending on costs of the merging firms

In our main analysis, we have taken the efficiency e to be independent of firms’ costs.
In this appendix, we briefly discuss the case in which efficiencies are a function of

the merged entity’s pre-merger cost ¢, that is, ¢ = e (cy).8

The efficiency gain as a
percentage of the price, p, is then a function of ¢y, as p(c2) = e(ca)/p.

First, Proposition 1 does not hold because the efficiency gain does now depend
directly on c¢; and therefore on s;. This implies that Ap/p depends on s; and s, but is
still independent of the distribution of market shares of non-merging firms s, ..., s,,.”
While the price effect of a merger in that case depends on the larger merging firm’s
share, it does so only via the size of the efficiency. We note that this is a very different
concern than that usually investigated in merger control. Specifically, the size of the

larger merging firm continues to have no impact on the anticompetitive potential of

8For instance, a prominent case is where the efficiency that can be achieved is a proportion ¢ € (0,1)
of pre-merger cost, that is, e (c2) = ¢cs.

In the special case in which there are no efficiencies (i.e., e(c2) = 0) Proposition 1 would, however,
still hold, as then s, enters the expression for Ap/p in the same way as the market shares of non-merging
firms.
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a merger, but only reduces the efficiency level ;. Instead, the main presumption is
that a higher market share of the larger firm should lead to a stronger price increase
regardless of the size of the efficiency gains. The result shows that this presumption
is still not fulfilled. As Proposition 2 is derived in the same way as Proposition 1, the
same insights hold for Proposition 2.

Proposition 3, however, continues to hold as in the main text. This proposition
compares the efficiency gain to render a merger consumer-surplus neutral in two dif-
ferent markets or in a single market with changing conditions. As explained above,
the critical efficiencies are not affected by the shape of the efficiency gain function (i.e.,
whether it depends on ¢, or not).

Proposition 4 also stays unchanged. In fact, the CMCR is still given by s;/e. The
comparison between the CMCR and the price effect of a merger without efficiency
gains is then the same, which implies that the analysis and its implications are un-
changed.

Finally, also Propositions 5 and 6 are qualitatively unchanged. The efficiency gain
enters the relevant expressions in the same way as in the main text. The only difference

is that it is now a function of cs.

D Profitability

In this appendix, we discuss the profitability of mergers in the Cournot model with
constant marginal costs. As is well-known from Salant et al. (1983), if firms are sym-
metric and demand is linear, only mergers to monopoly are profitable in the Cournot
model. However, Fauli-Oller (1997, 2002) has shown that relaxing either the assump-
tion of symmetry or the assumption of linear demand can considerably widen the
scope for profitable mergers. Cournot mergers are then profitable for sizable parameter
ranges, even absent efficiencies.

Fauli-Oller (2002) demonstrates for the special case of linear demand that a merger
is always profitable if the merging firms are sufficiently asymmetric. Specifically, he

finds that with linear demand a merger is profitable if (using our notation)

A merger is therefore profitable if the ratio between s, and s, is sufficiently large. Con-
versely, mergers are unprofitable if n gets sufficiently large. For intermediate values
of n, however, a wide range of parameters is consistent with profitable mergers. E.g.,
for n = 5, a merger is profitable if firm 2 is at least 2.4 times as large as firm 1. E.g.,

the acquisition of a target with 10% market share is profitable for any purchaser with a
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market share of 24% or more.

Fauli-Oller (1997) has shown that with convex demand, an even wider range of
mergers becomes profitable. As we demonstrate in Section 3, isoelastic demand is the
most convex demand system among well-behaved (i.e., subconvex) demand functions.

It is easy to show that in that case a merger is profitable if

s 2 51/5 e+1 ) )
_— > ——m+1 )
(n—1—1/5+82> _<n—1—1/5+ ) (51 + 52)

Using the example above, if n = 5 and s; = 10%, then a merger is profitable for all s,
larger than 17.5%.

Finally we show that sufficiently asymmetric mergers are always profitable (i.e.,
regardless of the shape of the demand function). To see this, note that around the pre-
merger equilibrium x, 0m /0x, = 0 (from the envelope theorem), whereas 0, /0x1 < 0.
The latter inequality follows from the fact that an increase in z; decreases both the
price and the output of firm 2. Specifically, dp/dx; < 0 since dx/dx; > 0 (by Far-
rell and Shapiro, 1990) and p' () < 0. Moreover, dz,/dx; < 0 since quantities are
strategic substitutes (by the assumption that p' (x) + xp” (x) < 0). It thus follows that
0 (m + m) /Ox1 < 0 around the pre-merger equilibrium. Now let firm 1 be small, i.e.,
firm 1’s pre-merger output is close to zero. In this case, a merger between firms 1 and
2 is equivalent to a marginal reduction in x;. Since 9 (71 + m3) /0z1 < 0, it follows that
71 + 7, must increase from the merger. In other words, acquisitions of sufficiently small
targets are always profitable in the Cournot model, because the loss of firm 1’s profit is
of second order when s, is small, whereas firm 2’s gain from the disappearance of firm

1 is of first order.

E Illustration of Proposition 1

In this appendix, we illustrate the result of Proposition 1 with two classes of demand
functions. The first is the power demand function p(z) = o — 82°. The second is the
CES (or iso-elastic) demand function p(x) = 3/x°.10

We start with the power demand function. The first-order condition of firm i is
o — B’ — ¢; — Box;a®~! = 0. Summing up the first-order conditions for all n firms and

dividing by n, we obtain
pdz°

a— Bz’ — =c,

where ¢ = (Z?Zl cj) /n is the average marginal cost in the industry. Solving this for

19CES demand does not fulfill the assumption p’ (z) +xp” (z) < 0. However, for § < n— 1, the second-
order conditions are fulfilled with this demand function as well and there is a unique equilibrium.
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yields
n(a—2¢) 3
(5o 9) 4o
Inserting the equilibrium value of z into the formula for the price—i.e., p(z) = a—Bx°—

gives a pre-merger equilibrium price of

ad +nc

n+o 4D

p =
In the same way, we can determine the post-merger equilibrium price to get

ad + (n—1)c*
n—14+9¢

*_

Y

where ¢* = 3", ¢/ /(n — 1). We can alternatively write ¢* as

=2 1

. nc—cy— up
c=——
n—1

)

or, using (41),
. (nc —c1) (n+9) — pu(ad + ne)
(n+d)(n—1)

Inserting the last formula in p*, the percentage price increase Ap/p with power demand

(42)

function can be written as

%:n(E—cl)—u(a5+né)+5(a—cl)
P (n—1496) (ad + nc)

) (43)

with ¢ = (Z?:l cj> /n, as above.
We can now determine s;—i.e., the pre-merger market share of firm 1. The first-

order condition of firm 1 is given by
a— Bz’ — ¢ — Boxax®t = 0.

Using z from (40) and solving for z; gives

n(€—c)+dé(a—c)

ga(n+0) () T

7t is easy to check from z; that firm 1 is active pre-merger if and only if ¢; < (ad +né) / (n + ).
It therefore follows that all firms 1 to n are active in the pre-merger stage if and only if ¢; <
(ad +nc) / (n+9) Vi = 1,...,n. In the same way, we can show that all firms are active in the post-merger

stage if and only if ¢; < (ad +né) (n+d — p) / (n + )%

I =
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Solving for s; = z1/x then yields

= (44

Rewriting this as n (¢ — ¢1) + 0 (o — ¢1) = s1n0 (o — €), it is easy to see that (43) can be

written as a function of s; to get

Ap _ sind (o —¢) — pu(ad + ne)

p  (n—1+6)(ad+ne)

Therefore, Ap/p depends only on firm 1’s market share and the average costs c.
We can also compare Ap/p with the CMCR. Inserting (42) into p*, we obtain that

p* = pif and only if
n(c—c)+6(a—ci)
ad + nc '

/_1/:

The ratio between CMCR and the price increase of a merger without efficiency gains

can then be determined to get

1

L —n—1+4,
Ap/p

which implies that, with power demand function, the CMCR exceeds the price increase
by a factor of n — 1+ 6.
We can follow the same steps for the demand system p(z) = 3/2°. Doing so yields

that the pre-merger equilibrium price is

whereas the post-merger price, expressed as a function of ¢, is

., (ne—c1)(n—0)—punc
D T TS —1-09)

This yields
Ap _n(c—ca)+ad—pnc
p né(n—1-90)
The (pre-merger) market share of firm 1 is given by s; = (n (¢ — ¢1) + 1) / (ned),'?
which implies that
% B 815 — U
p n—1-6

12As in the case of the power demand function, this value can be used to show that all firms are active
pre-merger if and only if ¢; < né/(n—9) Vi = 1,...,n. Post-merger, all firms are active if and only if

ci<né(n—0—p)/(n—25)>
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Therefore, for isoelastic demand, also only s; is relevant, but not any other market

share.

F Derivations for consumer surplus

From (43) in Online Appendix E, with the linear demand function p(z) = o — Sz, that

is, 6 = 1in (43), the percentage price change is

Ap n(e—a)—pla+ni)+a—a
p n (o + nc) '

We now determine the change in consumer surplus resulting from the merger. In

the pre-merger case, consumer surplus is given by

CS:/O (a — By) dy — px,

with

Inserting these values in the formula for consumer surplus yields

n? (a — 6)2

CS=——=.
26 (n+1)

In the post-merger case,

. _ ((n+1) (Oé(n—1)—(nc—01))+u(a+n6))
pn(n+1)

and
= (n+1) (a+ (né¢ —c1)) — u(a + ne)
n(n+1) ’

leading to a consumer surplus of

*

5 — /01’ (o — By) dy — p'a* = ((n +1) (a(n — 12)ﬁ; ((21—1;1)) + (o + né)) '

Determining the (percentage) change in consumer surplus AC'S/CS then yields

ACS:((n—i—l)(a(n—1)—(né—cl))+u(a+né))_1. 45)

CS n?(a —¢)
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Using (40) to determine the elasticity ¢ yields

o+ nc
£ = ————.
n(a—¢)

With this formula and that for Ap/p determined above, we can rewrite (45) as

ACS _ Ap_ (Ap )

e -2
¢S p p -

As shown in the proof of Proposition 6, with linear demand Ap/p = (s1/e — p) /n.
Without cost efficiencies, 1 = 0. Inserting Ap/p = s1/(ne) into |ACS/CS| — |Ap/p| and
solving for ¢ yields that the difference is positive if and only if¢ > 1/ (2 — s51/(n — 1)).

We next consider the log-linear demand function p(z) = a — flnz. With that

demand function, the equilibrium quantity and price in the pre-merger case are, re-

= exp ("W—ﬁ#) nd pzﬁzn;

spectively,

leading to an elasticity of

_ B+nc
€= Bn
and a consumer surplus of
_ nla—¢c)—- 6
CS = Pexp ( Bn > .

In the post-merger case, we can also determine the equilibrium quantity and price.

Expressing them as a function of ¢, using the same method as above, we obtain

n(ﬁ—i—né—cl)—,u(ﬁ—i-né).

o (A=) —n (Bt ne—c1) + p (B 4 ns1)
o p< n(n —1)

Br(n — 1) ) and p=

The resulting consumer surplus is

S = Bexp <om(n—1)—n(6+nc—01)+u(5+n0))'

pn(n —1)

Determining the change in price yields

%:B—l—n(né—cl)—u(ﬁ—l—né)
p (n—1) (8 + nc) '

The resulting change in consumer surplus is

ACS n(c—nc) = B+p(B+ne)\
T e (M)
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As above, using the formulas for € and Ap/p in ACS/C'S yields

ﬁ—ex —%8 -1
cs ~ P\, '

With log-linear demand, Ap/p = (s1/e — ) /(n — 1). Setting i = 0 and inserting this
into |AC'S/CS| — |Ap/p|, we obtain that the difference is positive if and only if

(n—1) (exp (=) = 1)’

€ >

which is always fulfilled as the right-hand side is negative due to the fact that
exp (—s1/(n—1)) < 1.

G Multimomial Logit Demand

We follow the exposition of Caradonna et al. (2024) that is based on Nocke and Schutz
(2018). There is a mass 1 of consumers. Each consumer z purchases a single product
from one of the n firms or does not purchase. The latter implies that the consumer
selects on outside good, denoted by 0. The indirect utility of consumer =z who buys
from firm i is

Uy =V — Py + €ziy

where « is a price coefficient and e.; is a consumer-specific preference shock. The in-
direct utility provided by the outside good is u.o = ¢.;.!* The preference shocks are iid
and follow a Type I extreme value distribution. This yields a closed-form solution for

purchased quantities given by

B exp (v — ap;)
L+>770 exp (v —ap;)

4%(p) (46)
As there is a unit mass of consumers, the market shares are equivalent to the purchased
quantities—i.e., ¢;(p) = si(p)-

The profit function of firm ¢ =1, ...,nis

mi(p) = (pi — ci)ai(p),

B3This implies that we use the standard normalization that the price of the outside good is zero, but
the good does also not deliver any gross-utility over and above ¢;.
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with ¢;(p) given by (46). The resulting first-order condition is

a(p) + (i — ci)ai(p) ap; =0, 2=1,...,n.

Using (46), the first-order conditions can be written as

1+ Zexp (v—ap;) = (pi — ¢

j=1

1+ Z exp (v — ocpj)] , i=1,...,n.
J=1,j#

These n equations determine the equilibrium prices of firms 1, ..., n
From Nocke and Schutz (2018) and Caradonna et al. (2024), consumer surplus with

multinomial logit is

1 - 1 1
CS=—-In|1+) exp(v—ap) | =—-In| —=— |-
@ ( ]Z:; ’ @ 1 - Zj:l Sj
It therefore depends on the sum of the firms’ market shares. We can now determine

how consumer surplus changes with a permutation of market shares of two firms &

and /. The sum of the market shares of these two firms is

exp (v — api) +exp (v — apy)

L+>77  exp (v —ap;) (47)

S+ S =
Firms’ market shares may differ only because they have different costs. We can there-

fore take the total differential of the right-hand side of (47) with respect to ¢, and ¢, so

that s;, + s, stays constant. Doing so yields

Opk Ope Opx, Ope
exp (v — apy) 8£ +exp (v — apy) 9, } deo+ [exp (v — apy) ai +exp (v — apy) =— 9e, de, =0

or
% B _exp (v — apg) ‘g’;’; +exp (v — O[pg) L )
dep exp (v — apk) ap’“ +exp (v — apy) a—'

We can determine dpy/dcy, dpy/dcy, dpe/dcy, and dpy/dcy, from the first-order condi-
tions of firms k and /. This yields

dpe (1455 exp (v —apy)) (147 jueexp (v - ap))
de B

{1 —exp (v —apg) exp (v —apy) (1 — alpy — c)) (1 — alpe —c)) +

LY exp (v — apy) (2 + (Z;;l exp (v — ozpj)>2> }
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and

dp (1=ale—cd)exp—ap) (1+ S, uep @ - ap))

ng

{1 —exp (v —apg)exp (v —ap) (1 — alpr — cx)) (1 — a(pe — co)) +
+ - exp (v — ap;) (2 + (Z?Zl exp (v — Oépj)>2) }

for the respective derivatives of p;. The same formula applies for dp,/dc, and dpy./dcy

with the indices k£ and ¢ reversed. Inserting into (48) and simplifying yields

de, P (v —op) (1 2, e OXP (U — apj)) " (49)

dey exp (v — apy) (1 -+ Z?:L#k exp (v — ap]-)>

[1 + D1 &P (v — apj) + apr — cp)exp (v — ozpk)]
X

[1 + D i1 i208XP (v — ap;) + a(pe — cr)exp (v — Oépg)] '

The equation shows how the costs of firms k£ and ¢ must be changed to keep the sum
of their market shares constant. It is evident from (49) that this change depends on the
prices of all firms in the industry and does so in a non-linear way.

In case of a merger between firms 1 and 2, with firms k # 1,2 and ¢ # 1,2, that is,
tirms k and ¢ are non-merging firms, the same analysis can be conducted to determine
dcy, /deg so that s+ s, is constant. As the structure of the first-order conditions of the two
firms is unchanged, this leads to the same formula. However, the first-order conditions

of the merged firms 1 and 2 are different now and given by

4(P) + (1~ e)a(p)=5 = + (2 — )ailp) =5 = =0, =12

Therefore, the prices in the post-merger equilibrium are different compared to the pre-
merger equilibrium, which implies that also (49) is different in the pre-merger and
the post-merger equilibrium. As a consequence, the comparison between consumer
surplus pre-merger and post-merger depends on the market shares of all firms. It
follows that the result of Proposition 9 does not carry over to the case with multinomial
logit demand.

However, it is possible to show numerically that two of the main results—i.e., (i)
the market share of the smaller merging firm matters more for merger effects, and, (ii)
the relation between HHI and CMCR is negative—also hold with multinomial logit
demand. We illustrate these results with an example of a market with n = 5, v = 2,

and a = 1. Suppose that costs are ¢; = 0.5, c; = 0.1, ¢3 = 0.25, ¢, = 0.4, and ¢; = 0.6.
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We start with the first result. Without a merger the market shares of firms 1 and
2 are approximately s; = 15.85% and s, = 21.66%,. The consumer surplus in this
situation is approximately 2.153. A merger between firms 1 and 2 without efficiency
gains leads to a consumer surplus of roughly 2.063, which is reduction of 0.090 (or
4.21%). Consider now that the marginal cost of firm 1 falls by 0.05 whereas that of
firm 2 rises by 0.0445, which leads to market shares in the pre-merger situation of s; =
18.27% and s, = 19.24%, so that s; + s, is unchanged. The resulting consumer surplus
is now 2.149. In the post-merger situation, the consumer surplus is 2.050, which is a
reduction of 0.099 (or 4.58%). Therefore, akin to statement (ii) of Proposition 9, if the
sum of the market shares of the merging firm stays constant, an increase in the share
of the smaller merging firm has a more negative impact on consumer surplus than an
increase in the share of the larger merging firm.

Turning to the second result, the HHI in the original situation is approximately
1595. The CMCR is 0.031. If instead v was not equal to 2 but v = 2.25, then the HHI
is 1018 but the CMCR has increased to 0.034. All numerical simulations we performed

also confirmed this negative relationship.
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