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Abstract

Cournot (1838) showed a merger of suppliers of complements can benefit consumers, the
Cournot effect is now standard in Economics. The present paper generalises his model. It
then develops an equivalence and a practicable test to identify when a given merger would not
yield Cournot effects, and thus not benefit consumers. For general demand functions, if pre-
merger the merging suppliers together earn a total unit dollar margin smaller than the unit
dollar margin of the downstream firm they supply, then post-merger prices would not decrease.
The paper further shows the merged entity can find it profitable to stop licensing a technology

to third parties, causing harm to consumers.
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1 Introduction

Absent anticompetitive effects, mergers of suppliers of complements are typically thought to benefit
consumers by eliminating Cournot externalities (Etro, 2019).! This positive merger effect (referred
to as ‘Cournot effect’ or ‘internalisation of double mark-ups’)? is reflected in the 2020 Antitrust

3

guidelines of the U.S. Department of Justice & the Federal Trade Commission® as well as in

the merger guidelines of the European Commission.*

Meanwhile recent research shows growing
evidence of insufficient Antitrust enforcement,® and that both market power and margins of firms
have been rising for decades (De Loecker, Eeckhout, and Unger (2020), Barkai (2020)).6:7 Therefore
it seems relevant to re-examine some of what are deemed to be positive merger effects. The
present paper identifies when Cournot effects are absent. This can help identify proposed mergers
of suppliers of complements which would be harmful to consumers, and can thus help Antitrust
authorities to act against those mergers.

Cournot (1838) first demonstrated how a merger of suppliers of complements can benefit con-
sumers. His argument, now standard in the Economic literature, may be synthesised as follows.
Suppose that two firms each supply one product, that each firm sets the unit price for its product,
and that the two products are perfect complements to downstream consumers. The two separate
suppliers each set their unit price without considering that a higher price diminishes the profit
of the other firm through a lower (common) demand. If the two suppliers merge, this negative
externality is internalised. Post-merger prices fall® and demand increases. This benefits all - the
merging parties and downstream consumers.

The Cournot effect need not always materialise in a merger of suppliers of complements. When
all upstream firms are monopolist suppliers of essential components (the setting first considered by
Cournot (1838)) the effect materialises. When there is perfect competition (symmetric Bertrand)
in each input market the Cournot effect obviously does not materialise.” (Absent anticompetitive
practices suppliers earn zero profit before and after the merger, and prices remain unaltered.)

For all competitive landscapes between these two polar extremes there is no general result on
when the Cournot effect materialises, and when it does not. This gap is problematic for Antitrust
authorities and applied theorists alike. During a merger review an Antitrust authority needs to

Hnputs need not be strict complements for Cournot effects to materialise.

20r also the “tragedy of the anticommons”, see Heller (1998) and Buchanan and Yoon (2000).

3U.S. Department of Justice & The Federal Trade Commission (2020), p.9.

4Buropean Commission (2014), p.213 (section: Guidelines on the assessment of non-horizontal mergers under
the Council Regulation on the control of concentrations between undertakings (2008/C 265/07)).

5See Shapiro (2019) among many others. For reviews of ex post studies, see Kwoka (2014) and Ashenfelter,
Hosken, and Weinberg (2014). Specific ex post studies encompass Ashenfelter and Hosken (2010) and Ashenfelter,
Hosken, and Weinberg (2013). See Gaynor and Town (2012) and Gaynor (2018) on hospital mergers.

6Hall (2018) finds rather modest increases. Shapiro (2018) shows profits have risen as a share of the US economy.

"The rise of minority shareholdings has been discussed as another cause for rising margins. In the banking sector
Azar, Raina, and Schmalz (2019) find “a “generalized HHI” (GHHI) capturing both common ownership [...] and
cross-ownership [...] is strongly correlated with all prices”. On this see also Schmalz (2018). Azar, Schmalz, and
Tecu (2018) show evidence of common ownership in airlines; pharmacies; and grocery shops. On Antitrust scrutiny
- or the lack thereof - of such effective concentration see e.g. Moiseyev (2016) for the US, and Miller, Raven, and
Went (2012) for the EU. Some argue more desirable causes explain rising margins: efficiency gains of “superstar
firms”, e.g. Amazon (Autor et al., 2020). On proposed Antitrust actions against Amazon, see e.g. Hagiu, Teh, and
Wright (2020) and Etro (2020).

8To internalise the Cournot externality after a merger can also raise investment levels, see Etro (2019).

9This is discussed in, among others, Kiihn, Stillman, and Caffarra (2005) and Dari-Mattiacci and Parisi (2006).



weigh positive merger effects with negative effects from theories of harm it may have.'® However

it may lack the data to ascertain the net impact.'!

More fundamentally, it does not have a test
or tool to determine when exactly it can outright dismiss positive Cournot effects.'> The problem
for an applied theorist is knowing how to recognise whether a model’s prediction that a merger
yields Cournot effects is consistent with the facts of the industry under analysis, or whether that
prediction is inconsistent with the facts.

The present paper generalises Cournot’s standard model (Cournot (1838, p.112-7)) in several
directions. Cournot considers a complete information setting where two upstream firms each set
the unit price of one input they supply. The first addition is to (1) explicitly model a downstream
firm (henceforth interchangeably referred to as an OEM)!? as a profit-maximising entity, which -
based on those input prices - sets a price for a consumer product it manufactures. The model T
use further allows for (2) any number of different inputs and (3) any number of potential suppliers
of each input, to capture all cases from monopoly to perfect competition (symmetric Bertrand)
expressly including all cases in between with asymmetric firms. The model also allows that (4)
the downstream firm might be able to produce any number of components in-house, and that (5)
any number of components might not be essential. Furthermore, among a series of generalisations
it also allows for (6) any number of downstream competitors. Based on this model results are
developed to offer solutions to the problems laid out in the two previous paragraphs. The log
concavity of a downstream firm’s demand is the central assumption that underpins results. (Log
concavity is a standard assumption in Microeconomics, see Bagnoli and Bergstrom (2005).)

Based on the model setup considered herein the present paper closes the gap in the literature:
Theorem 1 derives an equivalence to determine whether a merger of suppliers of complements will
result in a price decrease - beneficial to consumers - or whether it will not. The equivalence deals
with all competitive landscapes for all components, from the polar extreme of monopoly to the
polar extreme of perfect competition. One can use this result to determine whether a given model
of mergers of complements and its predictions are consistent with key facts of an industry under
analysis, or whether instead the given model and its predictions are at odds with key facts.

The test, a corollary of Theorem 1, constitutes a practicable new tool at the disposal of Antitrust
authorities to assess proposed mergers of complements.'* If the test shows Cournot effects would
not ensue from a proposed merger, the Antitrust authority can dismiss arguments that claim the
merger yields such benefits. In the absence of other claimed benefits, and if the Antitrust authority
has a theory of harm, the Antitrust authority would then have unambiguous grounds to act against
the merger.

Main mechanics and intuition

A downstream firm which faces a consumer demand that is log concave in the price it sets has a
pass-through rate lower than 100% (the change in consumer price is less than any change in the

10E.g. a raising a rival’s cost (RRC) theory of harm (ToH), see Akgiin et al. (2020).

1 The magnitude of the benefit from the Cournot effect may depend on parameters which, in practice, may be
unknown or hard to estimate reliably - e.g. the elasticity of demand (see Etro (2019) and Karlinger et al. (2020)).

12In some cases Antitrust agencies cite specific contractual features (which keep price fixed) as the reason why
Cournot effects cannot play out in certain settings, see also Karlinger et al. (2020) p.800-801.

130riginal equipment manufacturer.

14The test is also “transparent”, “simple and speedy”, conditions for a useful merger test listed by Farrell and
Shapiro (2010).



OEM’s unit input cost, on this see Amir, Maret, and Troege (2004)). Less than full pass-through
implies the elasticity of demand upstream is lower than it is downstream. Consequently, when
firms set prices, the equilibrium unit dollar margin of any upstream supplier must exceed that of
the downstream firm (by the intuition of the Lerner index!?). Except for any upstream firm which
is constrained by an outside option the OEM may have - whether that be to source a component

16 or not to purchase and use the

from an alternative supplier, to produce the component in-house,
component at all.

Therefore if the equilibrium unit dollar margin of a supplier is smaller than the OEM’s, then
the supplier must be constrained in setting its price. At this constraint the supplier maximises
profit by maximising price. It sets its unit price to the level beyond which the downstream firm
would resort to an outside option. If instead the supplier were unconstrained it would not maximise
price, it would trade-off the unit price for its component with consumer demand.

The test comes down to a comparison of pre-merger margins.'” It states that: if the sum
of the unit dollar margins of the upstream suppliers of complements who propose to merge is
smaller than the unit dollar margin of the downstream firm, then post-merger prices would not
fall. Hence consumers would reap no benefit from the merger. Effectively the test verifies and
reveals whether the merging suppliers are collectively sufficiently constrained pre-merger to rule
out a price decrease post-merger. Margins can be sufficient because - thanks to their endogenous
nature - they can reveal sufficient information on the competitive landscape to draw conclusions
on post-merger effects.

If one knows or is able to estimate the pass-through rate, then an equivalence condition can be
used rather than the sufficient condition provided by the test: Theorem 1 states that a merger of
suppliers of complements results in no post-merger price decrease if and only if the sum of their
pre-merger unit dollar margins multiplied by the pass-through rate is smaller than the downstream
firm’s unit dollar margin.

Theorem 1 and the test, derived in section 2, can help determine that Cournot effects would
not materialise. But they alone cannot confirm that a proposed merger would cause harm. When
Cournot effects do not materialise, it is not the internalisation of Cournot externalities that renders
the merger profitable. The profitability of a given proposed merger must stem from other post-
merger effects and / or strategies. The profitability could be due to, for example, cost synergies,
anticompetitive practices, a combination of both, and / or other factors.

Section 3 builds on the model of section 2 and adds a key ingredient. It allows the merged
entity to weaken the OEM’s outside options (by stopping to license a technology to the OEM’s
other potential suppliers). The merged entity can thereby foreclose rivals, relax price constraints
and raise prices. Section 3 thus shows how a merger of complements can harm consumers.

Similar theories of harm prompted the European Commission to impose remedies on the pro-
posed Qualcomm / NXP merger (a merger of suppliers of complements). These remedies stipulated,
among others, that Qualcomm / NXP must continue to license a technology owned by NXP (MI-
FARE),'® because of concerns that the merged entity may engage in bundling and may be “ceasing
to license MIFARE altogether”.!? Section 3 formally models such concerns and supports the Com-

15See Lerner (1934) and Elzinga and Mills (2011).

160n Apple gradually incorporating the production of its inputs in-house, see Bradshaw (2018).
7"Data Antitrust authorities can request from the relevant parties.

18European Commission (2018b).

19 Tbid.



mission’s decision. (This proposed $44bn merger ultimately did not take place: it was cleared in
the US, cleared subject to remedies in the EU, but - during times of Sino-US trade tensions - did
not obtain regulatory approval in China.)?°

The remainder of the paper is structured as follows. After a literature review, section 2 describes
the model; derives Theorem 1 and its corollary (the test); and lays out a series of generalisations.
Section 3 models a theory of harm for a merger where the test condition is satisfied, it demonstrates
how a merger of suppliers of complements can result in unambiguous consumer harm. Section 4
discusses the robustness of Theorem 1 and the test to different informational assumptions and

price formation processes. Section 5 concludes.

Literature review

Since Cournot (1838) many others have modelled mergers of suppliers of complements as resulting
in Cournot effects, e.g. Choi (2008), Quint (2014), and Etro (2019). The Cournot effect appears in
the latter two papers because upstream firms are assumed to be monopolist suppliers of essential
inputs. More generally the effect appears in all three aforementioned papers because, when setting
the unit price for the input it supplies, each supplier is assumed to trade-off its unit price with
aggregate consumer demand. The three models use a setup in which only the upstream suppliers
are modelled as strategic actors, the downstream level is not explicitly modelled. The present
paper takes a different approach and explicitly models both upstream and downstream firms as
profit-maximising entities. To identify whether it is consistent or inconsistent with the data of an
industry that Cournot effects would materialise.

Some papers have already shown specific instances when Cournot effects do not materialise in
mergers of complements. Masson, Dalkir, and Eisenstadt (2014) criticise what they perceive as a
strong presumption of competition authorities that mergers of complements can benefit consumers
and show Cournot effects “do not exist” for very specific consumer preferences. However Masson,
Dalkir, and Eisenstadt (2014) analyse downstream mergers (rather than mergers of suppliers of
complements), without modelling upstream suppliers. Their setting does not lend itself to the test
presented in this paper, as the test is based on a comparison of upstream to downstream margins.?!
In addition, merger reviews have highlighted certain specific contractual features as explanations
for the lack of Cournot effects. Karlinger et al. (2020) cite the example of contracts which fix prices
such that there is no scope for post-merger price changes.

The general results presented herein use the mathematical equivalence between the weak log
concavity of a function f(z) and f(x)f”(x) < f'(z)?. This equivalence has already been used in
other fields of Economics, in particular in the Political Economy literature with regards to tax
incidence (Weyl and Fabinger (2013)) and optimal taxation: Amir, Maret, and Troege (2004)
find the equivalence implies the incidence on consumers of a unit tax levied on a monopolist is
below 100% for any log concave demand function.?? In Industrial Organisation the implications of
this mathematical equivalence have not previously been studied with regards to whether Cournot

effects materialise in mergers of complements.

20Martina and Nellis (2018).

21Similarly, Alvisi, Carbonara, and Parisi (2011) study the tragedy of the anticommons in a setting where pro-
ducers of complements sell directly to consumers.

22The equivalence is also used by Bagnoli and Bergstrom (2005) to study the log concavity of numerous distribu-
tions.



The toolbox of Antitrust authorities already includes tests to estimate harm from proposed
horizontal mergers (see Farrell and Shapiro (2010), Moresi and Salop (2009)) and from proposed
vertical mergers (see Moresi and Salop (2013)). The present paper adds a test for mergers of
complements. A comparison of this new test to existing tests is provided in section 2.6.

Section 3 considers a merger case where the test condition holds. The section describes a theory

23 and

of harm where innovation levels of an incumbent and a potential entrant are endogenous,
where post-merger bundling by the merged entity reduces the entrant’s payoff to investment in
innovation. This is a standard anticompetitive practice discussed in the literature, see Choi and
Stefanadis (2001).2% Effectively this theory of harm is akin to “raising a rival’s cost” (RRC) via
tying. See Whinston (1990) for an early and seminal exposition of harmful tying.?® In contrast to
the standard case, in the present paper the tying good is not provided by a monopolist but instead
by a firm which merely has a competitive edge over its rivals. Even in such a setting bundling
post-merger can harm consumers. Overall section 3 most closely resembles Etro (2019), however
the focus is different: the present paper explains why the merged entity would want to refuse to
license a technology post-merger when licensing that technology is profitable pre-merger. There
are also crucial differences in the mechanics at play: Cournot effects are central to Etro (2019)
while here - based on the findings of section 2 - they are absent.

2 The test

The test derived and presented in this section serves to address the following question: yes or no,
will a merger of suppliers of complements result in a positive effect for the downstream firm and
consumers, as a result of the internalisation of Cournot externalities (‘internalisation of double
mark-ups’)? The test applies to the base setting of section 2.1. It also applies to far more general
settings: a series of generalisations are added in sections 2.4 and 2.5. (Proofs are shown in the
Appendix.)

2.1 Base setting

Briefly: the setup is one where, first, a producer of a consumer good (a downstream firm) calls for
offers (from upstream firms) for any inputs it requires. And where, subsequently, the downstream
firm sets the price of its consumer good. Then the product market clears: the level of consumer
demand is determined. Let’s now fully lay out the baseline setting.

23There is a large recent literature on horizontal mergers with endogenous innovation, see Jullien and Lefouili
(2018) for a review of the literature and a description of the positive and negative effects on investment. In contrast
there are very few papers on mergers of complements with endogenous innovation - one example is Etro (2019). More
generally, the literature on the relationship between the level of competition and innovation is vast, see Schmutzler
(2013). An arguably central paper in this literature is Sah and Stiglitz (1987), which shows that the link between
the level of competition and innovation in many models is rather artificial, a result of assuming a single firm cannot
duplicate the actions of separate firms.

24Choi and Stefanadis (2001) consider an incumbent monopolist producer of two complementary goods A and B,
who faces one potential entrant in A and another potential entrant in B.

25Whinston (1990) (as well as Carlton and Waldman (2002) and Choi (2004)) considers how a monopolist in one
market can utilise its monopoly power to monopolise a second market. The Chicago school one-monopoly-profit
theorem had argued against such leveraging theories of harm, saying that a monopolist cannot extract more than
the monopoly profit in its market (see e.g. Posner (1976), and Bork (1978)).



A monopolist producer of a consumer good - the downstream firm - needs K > 2 essential
inputs, one of each per unit of output.2® Let K also denote the set of those inputs. The down-
stream firm requires one unit of each of the K essential inputs per unit of output. In stage 1 the
downstream firm calls for offers from potential suppliers of the K components,?” specifying any
required component specifications (e.g. the quality).

Figure 1: Components the OEM seeks to source from upstream suppliers

[ Component 1 ] [ Component 2 ] [ ] [Component K]

+ ! ! !

OEM

For each component i € K there are N; € N potential suppliers: one or more firms able to pro-
duce a functioning version of the component which meets the OEM’s requirements. Each potential
supplier of component ¢ € K has a constant unit marginal cost of producing the component that
meets the OEM’s specifications. The OEM may or m[a]y not be able to viably produce these K
1

components in-house, in any case for each i € K, let ¢;” < cp;: the cost of the most efficient ex-
ternal supplier of each component is lower than the OEM’s constant unit marginal cost of in-house
production for that component.

In response to the call for offers, in stage 1 all potential suppliers of all components i € K
submit bids simultaneously to the OEM.2® A firms’ bid stipulates the unit price at which it offers
to supply any quantity of its component to the OEM. The downstream firm does not know the
costs of potential suppliers. Upstream firms are assumed to have complete information, such that
for any ¢ with IV; > 1 potential suppliers compete a la Bertrand in their price offers.

Based on offer prices submitted in stage 1 the downstream firm chooses from where to single-
source each component. Its total unit cost is then c¢p + Zszl v;, where ¢p > 0 is the constant
unit marginal cost of assembly and of any components sourced in-house, and v; is the unit price
offered by and paid to any chosen supplier of component .29 A potential supplier chosen by the
OEM becomes a supplier. A supplier has profit m; = (v; — ¢;)Q, where ¢; > 0 is its constant unit
marginal cost and @ the quantity sold.

In stage 2 the downstream firm sets a uniform price P for its consumer good, and consumer

demand Q is determined. P is set to maximise profit IIp = (P —¢p — Zfil v;)Q(P).

Assumption. The downstream firm faces a demand function Q(P) that is strictly downward-

sloping and weakly log concave in P, and that induces non-decreasing pass-through: Q'(P) < 0,
mQ(P)" <0, $L >0.

260ne can think of an OEM as planning for a product it wants to sell to consumers, and exogenously selecting
one out of a range of different production functions. To render the choice endogenous adds little to the paper.

271 use the terms “inputs” and “components” interchangeably. The terms may encompass hardware as well as
any software.

283ubmitting a bid is assumed to be costless, s.t. any potential supplier’s participation constraint is satisfied.

291f after observing offer prices the downstream firm chooses to source component i € K in-house, then v; = 0.



The results of this paper rest on the log concavity of demand. On the pervasiveness of the log
concavity assumption across Microeconomics, see Bagnoli and Bergstrom (2005).3° Non-decreasing
pass-through constitutes a sufficient assumption for the upstream optimal price to be unique but
is not necessary for Theorem 1 and the test,?' this will be elaborated on shortly.

The downstream firm is assumed to be a monopolist for conciseness of exposition - section 2.4
generalises results to downstream competition. Similarly, inputs are assumed to be essential (i.e.
perfect complements) for conciseness of exposition - section 2.5 generalises results in a number of

ways, one of which is to allow for non-essential components.

2.2 Equilibrium & comparative statics

The game is solved by backwards induction. In stage 2 the downstream firm maximises profit s.t.32

o1l 0
me(PH(PCDZvj)agO

(1)

- —Q(pP*
= marginp = ZUJ o P*))

Applying the implicit function theorem to the downstream firm’s FOC yields the pass-through

rate
or* 1
p = = 4
; QUP)Q(P)
Ovi 2 - T Q(p)z pP=pP*

Weak log concavity of demand is equivalent to Q'(P)? > Q" (P)Q(P), therefore the pass-through
rate is weakly below 100% (Amir, Maret, and Troege (2004) have shown this for a tax pass-
through).3?
€ (0,1] (2)
In stage 1 the most efficient potential supplier of component ¢ offers unit price v; > CEI]. The
most efficient supplier is either constrained, at C?] (the unit cost of the second-most efficient
potential supplier of component i) or at cp; (at a price beyond cp; the OEM would produce
the component in-house), or it is unconstrained. Let v}* denote its optimal price when it is

unconstrained. Its profit-maximising unit price is then

(2]

* __ _ . *U
vy = argmaxm; = min{v;", ¢;
Vg

,CDi} (3)

In the absence of a viable second potential supplier c?] > vf*, in the absence of viable in-house
production cp; > vi*. (Le. the supplier of component i is unconstrained by the respective outside
option.)

30Log concavity allows for highly convex functions, but not for overly convex functions. Amir (2005) writes the
limit case takes the form Q(P) = — In(P) “which is convex and log linear”.

31 Non-decreasing pass-through guarantees that consumer demand is weakly log concave in an upstream supplier’s
unit input price. See the differed workings in Appendix A.3.

32 ‘tion Vi o’lp — 2Q/(P)’-Q"(P)Q(P) ; ;
The second order condition yields 9P% | ppe = 2(P) < 0. Log concavity of demand is

equivalent to Q'(P)2 > Q" (P)Q(P), the second order condition thus shows P* yields the downstream firm’s
unique profit-maximising price.
33That log concavity of demand implies a pass-through rate below one has been shown and discussed in the

Political Economy literature, which focuses on the pass-through of taxes. See Amir, Maret, and Troege (2004) and
Weyl and Fabinger (2013).



Let’s now solve for v}*, above which supplier ¢ would never want to price. A supplier i € K

unconstrained by CEZ] and cp; maximises its profit s.t.34
on? 0Q OP*
i O(P*(v; e —
go, ~ QU+ (v =) g5 =0 W
_ —QP (v)) 1

= margin;* = (v;* — ¢;) =

X
Q'(P*(v;™)) — pv;)

This brings us to the key preliminary and ex post obvious observation. Comparing (1) and
(4) shows the downstream firm’s FOC is identical to that of any unconstrained upstream supplier,
except for the pass-through rate and therefore the margins. The comparison yields

oP*
P*—c— = (F — o)
c ; v, = (V] i) 0,
(5)

< marging, = margin;* X p

sk kU
= marginy < margin;

Proposition 1. The unit dollar margin of any unconstrained supplier i € K weakly exceeds the
unit dollar margin of the downstream firm.

In words: for any pass-through rate of 100% or less, the unit dollar margin of an unconstrained
supplier exceeds that of the downstream firm. (I.e. no matter how many suppliers an OEM has, no
matter how much the OEM produces in-house or sources externally, no matter if the monopolist
merely supplies a tiny screw to a very large end product, as long as the upstream supplier is
unconstrained by an outside option of the downstream firm theory predicts that supplier has a
higher unit dollar margin than the OEM.) If there are several suppliers unconstrained in their
pricing by an outside option of the OEM, then each sets a unit price such that its unit dollar
margin exceeds that of the downstream firm.

The intuition is straightforward: the supplier’s greater dollar margin results from the lower
elasticity of demand it faces relative to the downstream firm, as any increase in its price v; is to
some extent absorbed by the downstream firm.

Now to the link between theory and empirical facts: can we infer from empirical data of a given
industry whether or not a supplier is constrained in its pricing, by some (possibly much worse)
outside option of the downstream firm?

Lemma 1 (Constrained price maximisation). Supplier of component i is constrained if and only
if margin? X p < marginy,. In other words: profit-mazimisation is equivalent to price mazimisation
for the supplier of component i if and only if margin] X p < margin},. Where price mazimisation
means the supplier charges the highest possible price under which the downstream firm purchases
from supplier i rather than not to purchase from supplier i.

The Lemma identifies when a supplier is constrained. When the supplier is constrained the
trade-off between quantity versus price unambiguously favours obtaining a higher price, which is
not the case if the price were equal to the unconstrained level v;*. When constrained, the supplier

2__u
1] 772i
v

2 2
= 23836 + " — e)l5p3(56)° + 58 56=] = [2Q/(P) -

34The second order condition yields vimp*u = 23D 60 5p2 oP 502
1=V

Q(P)Q"(P)] ﬁ 7Q(P)%/ < 0. We assumed log concave demand and a non-decreasing pass-through rate: p’ > 0,
hence the second order condition shows v** is the unique profit-maximising price for an unconstrained supplier ¢ € K.



maximises unit price up to point where the OEM would switch to an outside option (an alternative
supplier, in-house production, or the outright halt of production). A constrained supplier does not
trade-off its own price with consumer demand, but with demand for its component, which drops
to zero if it would set any higher price.

Not knowing the exact pass-through rate but knowing it does not exceed 100% can still allow
us to use empirical data and reach the same conclusion: if a supplier’s unit dollar margin is smaller

than that of the downstream firm, then it is constrained and maximises price.?®

Corollary 1. If supplieri’s dollar margin is smaller than that of the downstream firm, the supplier
1s constrained and finds profit-mazimisation to be equivalent to price-maximisation.

We have analysed the relationship between upstream and downstream margins, let’s now anal-
yse how upstream firms react to each other’s prices. The K upstream suppliers of complementary
components do not play a submodular game (their unit prices are not strategic substitutes).3
However any supplier ¢’s equilibrium price behaves intuitively: it weakly decreases with the sum

of other component prices ZJK#Z vj (as shown below). From (4):
Pm  Pm 0QOP*

0v;0 Zj;z v;  Ovidv; 0P Ov;

827TZ'

(%i 6’Uj Vi =V}

wi=e[gpe () 50 2

~ QP - QP (Pl s ~ QP

<0 (6)

as demand is log concave, and P is weakly convex in v; (p’ > 0).

Comparative statics with constrained suppliers can differ from comparative statics with uncon-
strained suppliers. To see this, let’s treat ZJI;I v} as a parameter, which we can exogenously alter.
If the supplier of component ¢ € K is constrained, then v} does not increase with an exogenous

*
i
cannot increase its price.) In addition v} might not decrease even for a discrete exogenous increase

decrease in the sum of other component prices Zf;l v}, (Simply because it is constrained and
in Zj;l v3. (Because the new, lower, optimal unconstrained price might still lie above supplier i’s

price constraint.)

Observation. Treating v as a parameter: the optimal price of a constrained supplier i, v} #*
v™, does not necessarily change with a discrete exogenous change in the optimal price of another
component, v;.

The above observation is obvious for a component supplied by a firm that faces a symmetric
competitor, but the observation can also hold for a component ¢ supplied by a monopolist - though
only if that monopolist is constrained by the OEM’s possibility of in-house production.

The above observation could be interpreted as dramatically reducing the required informa-
tion available to suppliers: a supplier who correctly believes it will be constrained in equilibrium
by a competitor need not necessarily know any[t]hing about the demand function and any other
2

component, “knowing its market” by knowing ¢, and cp, suffices to set its optimal price.

35Even simpler than the corollary: if v} < margin%,, the supplier finds profit-maximisation to be equivalent to
price-maximisation.
36See the differed workings in Appendix A.3.



Let us now derive two results we will later use in the analysis of a merger of suppliers of
complements. The aim of deriving those results is the following: if the Cournot effect materialises
the effect can be regarded as an exogenous decrease in one or several component prices. We want
to know how other firms react to such a price change, and how this affects the downstream firm’s
margin. To do this, let’s treat v} as a parameter such that all suppliers of components j # ¢ can
react to an exogenous change in v;. Unsurprisingly,

Lemma 2. The downstream firm’s equilibrium unit input cost cp + Zle v} s strictly decreasing

in an exogenous decrease of an optimal component price v} Vi € K.

(Even after other firms react.) Lemma 2, along with the result that pass-through is less than
full®” directly leads us to the next Lemma:

Lemma 3. The downstream firm’s equilibrium unit margin increases with an exogenous decrease
in an optimal component price v Vi € K.

The model setup assumes the demand function induces non-decreasing pass-through, I men-
tioned I would discuss this assumption. In doing so now, let’s digress for a moment from the
general solution to consider examples of specific demand functions that meet this assumption.
Suppose the downstream firm is a monopolist and that consumers each have unit demand with
utility « — P, where x represents an individual consumer’s willingness-to-pay for the consumer good
and is drawn from a p.d.f f(x). A consumer buys when z — P > 0. Demand, then, takes the form
Q(P) = 1— F(P), where F(z) is the c.d.f of consumers’ willingness-to-pay.®® The table below lists
log concave distributions of x,3? i.e. distributions which induce a pass-through rate p € (0,1]. The
table provides the pass-through rates associated with a given distribution. The rightmost column
shows: for all the distributions in the table the pass-through rate is non-decreasing. Thus all
distributions in Table 1 induce demand functions which meet the assumed demand characteristics
(@ <0, (In(Q))" <0, &= >0).

3
vi

3TWhilst a supplier maximises its profit based on the pass-through rate p, treating v} as a parameter and evaluating
the pass-through rate for an exogenous change in v} yields
ap*  9oP* dC*
dvi  9C dv}
dy G U; (v})
dv;

P
] <p with =— € (0,1]

:p[l+ dv¥

(Showing the pass-through rate is less than 1 suffices to show downstream firm’s equilibrium margin decreases with
an increase in an optimal component price.)

38What is here used as a demand function is used as a “reliability function” in Engineering (the probability
that a component functions past time ¢, see e.g. Ebeling (2019), p.35), and referred to as a “survivor function” in
Mathematics (see e.g. Tableman and Kim, 2003, p.5.).

39That the supports of some of these distributions contain negative willingness-to-pay is no issue: left (and right)
side truncations of the c.d.f. preserve log concavity of the reliability (Bagnoli and Bergstrom, 2005, p.8-9).
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Table 1: Pass-through for distributions of consumers’ willingness-to-pay

~

Log concave distribution Q(P) P P
Uniform 1-P % 0
Gaussian no closed form € [%’ 1] >0
Laplace %e_P 1 0
Exponential e P 1 0
Logistic H% H% >0
Extreme value l—e e e ———— >0
e—F e—P T TP —e F
Weibull, ¢ > 1 el P >0
Rayleigh et % >0
Power, g > 1 1-pF H‘%Hll_%)fﬂ >0
Inverse of power reliability, 8 > 0 (1—P)8 yEam} 0

Source: own workings on p and p’.

(As mentioned non-decreasing pass-through (p’ > 0) is sufficient but not required for Theorem
1 and the test to hold. See Appendix A.2 for further technical discussion, including on the Power
distribution for 8 € (0,1) and the limit case of log concave functions Q(P) = —In P.)

2.3 Merger of suppliers of complements: equivalence & test

Let’s consider a merger of a subset of suppliers of components M C K: a merger of any number

of the downstream firm’s chosen suppliers of complementary inputs.*® Suppliers i € M now form

the merged entity, also denoted by M, with profit mas = (var — > ;¢ €)@ Let v} denote the

merged entity’s optimal total unit price for the M components if it is unconstrained by any outside

option of the downstream firm. (The merged entity’s profit depends only on the total unit price it

receives.*!) From (3) we know the merged entity’s optimal total unit price for the M components
is

V3 = min {v}‘\}f, Z min{c?], cDi}} (7)

ieM
The Cournot effect applied to the setting analysed herein, in section 2, says the merged en-
tity’s unconstrained price is below the sum of the pre-merger unconstrained prices of the merging

suppliers: we have
v < Z v
icM
The question is whether the merger leads to a decrease in price. I.e. whether vy, <> ., vi.

The merger does not lead to a decrease in price whenever v} > 37, ), min{c?] ,¢pi}. In such case
the merged entity remains constrained and maximises the attainable total unit price. If instead
Vit < 2 iem Vi the Cournot effect leads the merged entity to find it profitable to decrease any of

40Recall from the previous section: in equilibrium a supplier of component i is the most efficient firm out of the

set of potential suppliers of component 3.
41() is the same for all components: obtaining e more on one component, but € less on another component leaves

its profit unchanged.
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the individual component prices ¢ € M so as to reduce the total unit price to the optimal level
v3¥. (Bundling is not necessary to offer this lower aggregate price.)
From Lemma 5 we know that if the merged entity were unconstrained by any outside options

the downstream firm may have, its price would be such that its margin would satisfy

(vif — Z Ci) X Ppost = marginr?®
ien (8)

. *xpost .. *post
= margin,, > marginp

In words: post-merger - if unconstrained by any of the downstream firm’s outside options - the
optimal price of the merged entity is such that its absolute unit margin (weakly) exceeds that of
the downstream firm.

The merged entity cannot increase prices: either the merged entity sets the same price as

the pre-merger price for components i € M of vy, = >, 07, or it sets a lower price.*2 It

7
then follows from Lemma 3 that the downstream firm’s post-merger margin weakly exceeds its
pre-merger margin:

marginjr*** > margin}, (9)
The results presented thus far lead to the following insight.

Theorem 1 (No positive effect). In the described setting, a merger of suppliers of complementary
components M C K results in no change in the downstream’s input price ), v; < pre-merger
P X D ien Marging < marging,.

If pre-merger p x ), ,, margin < margin},, then the merged entity wants to raise its price
but is constrained, as were the separate pre-merger entities ¢ € M. Thus the price for components
1 € M does not change after the merger, in particular it does not decrease. The internalisation of
negative pre-merger externalities does not materialise in a price decrease.

We can now derive the test for a merger of two suppliers of complements, a,b € K, to yield no
benefit in terms of lower prices, in the form of a sufficient condition. The simplicity, practicability
and transparency of the below test condition renders it powerful for use by Antitrust authorities.
It requires little data, merely three available data points.

Corollary 2 (Test). In the described setting, a merger of suppliers of complementary components
a,b € K results in mo decrease in the consumer price P if pre-merger dollar margins satisfy
margin, + marging < marging. Or, even simpler, if v} + vf < marging.

In words: if the sum of pre-merger dollar unit margins of the two merging suppliers is lower
than the downstream firm’s dollar unit margin then a merger of the two suppliers does not result
in a price decrease by the merged entity. And even simpler, if the sum of pre-merger unit prices of
the two merging suppliers is lower than the downstream firm’s dollar unit margin then a merger of
the two suppliers does not result in a price decrease by the merged entity. Without a price change
upstream, there is no price change downstream: consumers obtain no benefit from the merger of
complements.

For prices not to decrease post-merger, it does not suffice that each merging party is constrained
pre-merger. Instead the test states that the sum of the merging parties’ margins be below the
downstream firm’s margin.

42The merged entity would only lower prices of its components if this would decrease the total unit input cost to
the downstream OEM.
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Remark. Given quantity sold is the same upstream and downstream, one can compare dollar

profits instead of dollar margins in Theorem 1 and its Corollary / the test.

2.4 Generalisation to downstream competition

Let’s now add downstream competition, we will see that the test continues to hold. In stage
2 let there now be N,y > 1 differentiated OEMs, where each sets the price (simultaneously or
sequentially) of its consumer product. Let each OEM face a demand function which is strictly
decreasing and weakly log concave in its own price, and which induces non-increasing pass-through.
Let the downstream firms play a supermodular game with ggz = %?,: > 0 for any a # b,a,b € Ng.

(This excludes perfect competition, as such extreme competition does not induce log concave
demand.)

Either supply chains of OEMs are ‘separate’, or they are to some extent ‘overlapping’. Where
‘separate’ supply chains is here taken to mean that every potential supplier of an OEM is not a
potential supplier of any other OEM. Otherwise, supply chains are ‘overlapping’.

If supply chains are separate, then Theorem 1 and its Corollary / the test are unaltered.
Intuitively, incorporating downstream competition into the model has no impact of the central
mechanic that, given a pass-through rate below 100% (determined solely by the log concavity of
demand), the upstream margin of an unconstrained supplier exceeds the downstream margin of an
OEM.

Let’s now deal with overlapping supply chains. Suppose an upstream supplier supplies compet-
ing downstream firms [ € L C Ny. Let L also denote the set’s cardinality. Allowing an upstream
supplier to charge different prices to different downstream firms, a supplier of component i € K to
downstream firms [ € L C Ny has profit

., om; 0 L 0
with T = Ql —+ (vil — Ci) Ql + Z(’Uﬂ — CZ)%

Ovi1 Ov;1 P
B 0Q1 OPL & 9Qi OP;
- Ql * (vll Cl) 8P1 8’Uil + #Zl(vll CZ) 8P1 Ovil

9@

L
= Q1+ (vi1 — )Q1(P1)p1 + ;1 Z(Uﬂ - Ci)apl

1£1

Any downstream firm j € L has profit

K
Mp; = (Pj—c;— Y viy)Q;
=1

Jllpy

Wlth, fOrj = 17 Tf)l

L0
=Q1+ mal”glﬂmaipl
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Comparing the first-order conditions yields

L
. . _ . 0Q;
margin,; = p; x marging + [Q}(P1)] ™' x p1 x E marglnila—Pj
11 1
= marging; < p; X margin,;

= marginp; < marging

(because g%l <0, p1 €(0,1], and Zéﬂ margin,, g%f is positive).

As we saw previously the upstream supplier’s margin surpasses the downstream firm’s margin
because less than full pass-through by the downstream firm generates lower elasticity of demand
upstream. To this a second effect is now added: intuitively, a higher price by one downstream
firm leads to higher quantities sold at other downstream firms, such that total demand and “total
elasticity” of demand for the upstream supplier is lower still.

Therefore when an upstream firm supplies several competing downstream firms, Theorem 1
provides a sufficient though no longer necessary condition. And the test applies unaltered.

Whether the Cournot effect materialises is specific to each supply chain: those downstream
firms for which the merging entities are jointly constrained pre-merger do not experience a post-
merger input price decrease. Those downstream firms for which the merging parties are jointly
unconstrained will experience a post-merger input price decrease (via the internalisation of Cournot

effects). If there is at least one downstream firm which experiences an input price reduction,

competing downstream firms reduce their consumer good price in equilibrium (due to %%j >0
Va # b,a,b € Ng), such that all consumer good prices decrease post-merger.*3

As an example of explicit demand functions which fit the assumed demand characteristics,
let’s consider a representative consumer with a Levitan Shubik quasilinear quadratic utility model
(QQUM). For a downstream firm [ € Ny who uses component set K, we obtain a linear demand
system for Ny differentiated downstream consumer good producers with profit of the form

Ng
Hp; = (P, —Cy)(a; — b P+ Z bi; Pj) (10)

L
where all bs are strictly positive. In the present paper the upstream level is explicitly modelled,
such that C; = ¢p; + ZieK; vi. As can be gathered from Choné and Linnemer (2020),** the
Bertrand equilibrium price (both in a Levitan Shubik or Spence QQUM formulation)?® is linear in
unit cost, and the unit margin is decreasing in unit cost. Therefore p’ = 0, and the pass-through

rate gﬁi € (0,1).46

If one has Apple and Samsung as the downstream OEMs in mind, one may think of Stackelberg

price competition.*” When firms set prices sequentially, a linear demand of the type shown in (10)
yields the same results: p’ = 0 and the pass-through rate lies in (0,1).

For the results and intuitions presented thus far, on the comparison of upstream to downstream
margins, the form of downstream competition does not matter: it only matters that the demand

43This is not formally shown here.

44See in particular Choné and Linnemer (2020) p.12.

45Choné and Linnemer (2020) cite Spence (1976) as having independently introduced a QQUM formulation.

460n the relationship between the pass-through rate and the number of firms in a differentiated oligopoly, with a
linear demand system, see Zimmerman and Carlson (2010).

470On price leadership games, see e.g. Ono (1982) and Braid (1986).
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function Q(P) faced by each firm be strictly decreasing, weakly log concave, and that it induces
non-decreasing pass-through.

2.5 Further generalisations

Theorem 1 and the test continue to apply, among others, when (1) upstream firms supply several
components to the downstream firm; (2) components are non-essential (whenever a unique equilib-
rium exists); (3) upstream firms set two-part tariffs; (4) the merger leads to cost synergies where
either those synergies are sufficiently small, or when suppliers are sufficiently constrained by the
downstream firm’s outside options. Starting with the setting of section 2.1 we now turn to each
generalisation separately.

First, suppose an upstream firm supplies several components to the downstream firm - all
components ¢ € J C K. Then its optimal total unit price for the sum of the components is

v* = min {v*“, Z min{c?] , cDi}}

ieJ

This strongly resembles (7), the optimal price of the merged firm: alike a merged entity, a multi-
product supplier sets its individual component prices so as to set the optimal total unit price.*® In
the presence of upstream firms which supply several components to the downstream firm Theorem
1 and the test apply unaltered. (One just needs to ensure that the unit margin used in the Theorem
and the test reflects the total unit margin earned by the merging parties for all components they
supply.)

Second, suppose some input components are non-essential. I.e. that some components are not
strict complements. And that instead the OEM can do without any number of components and
still produce a valuable consumer product. The only effect of an input being non-essential is that
the optimal price function of the supplier of that component contains a further limit price, v,

beyond which the OEM would choose not to source component i for its consumer product:*

* . su (2] —
v} = argmaxm; = min{v“, ¢;”, ¢p;, Ui }

Vi
where v; is a function of } -, ; v;. If a unique equilibrium exists (both in terms of the selection of
the component set K and in terms of upstream prices), then allowing for non-essential components
leaves Theorem 1 and the test unaltered, with no change to sections 2.2 and 2.3 - except for the
further limit price and thus further explanation as to why a supplier may be constrained rather
than unconstrained.

Third, when suppliers can set two-part tariffs, trivially the supplier of component ¢ sets unit
price v} = ¢; = c!l with fixed fee L¥ = IIp(L; = 0,v; = min{c?],cm}) —Tlp(L; = 0,v; = cgl]).50
With prices at marginal costs, there are no Cournot externalities pre-merger. Such that there
cannot be an internalisation of pre-merger Cournot externalities. Post-merger unit prices for

480r equivalently the optimal total unit margin.

4977 is unique as the downstream firm’s profit function is monotonically decreasing in v;.

50This assumes a supplier supplies one downstream firm, and that T p(L; = 0,v; = min{c?],cm}) is positive.
Herweg and Miiller (2012) model fixed costs incurred by downstream firms to become active on the downstream
market, and account for the effect of third degree price discrimination by a monopolist supplier - who supplies
several downstream firms - on downstream entry. This is not done here, principally because the present paper is
more concerned with cases where the upstream firm is not a monopolist supplier of an essential component.
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components A and B do not change.®® And, in the absence of bundling, post-merger fixed fees for
components A and B do not change either.

Fourth, suppose a merger of suppliers of components i € M C K creates synergies such that
the merged entity has a constant unit marginal cost cp; of producing components ¢ € M, with
0 <eam < D ;en i If one models suppliers as monopolists, such synergies lead to a lower price, to
the benefit of all (suppliers of complementary components, the OEM, and consumers). In contrast,
when the sum of pre-merger margins of the merging parties is lower than that of the downstream
firm (times the pass-through rate), synergies are not necessarily be passed on.

Corollary 3. Merger-related cost synergies are not passed on < vif(cam) > D icn min{c?],cm}.
Synergies are always passed on if pre-merger p X ., margin; = marginy. Synergies may or
may not be passed on if pre-merger p X Y.\, marging < marging,.

In words: if absent cost synergies the merged entity’s optimal unconstrained price is above the
pricing constraint given by the downstream firm’s outside options, > ;.,, min{c?],cm}, then for
cost synergies to result in a price decrease those synergies must be large enough to decrease the
optimal unconstrained price below the constraints given by the downstream firm’s outside options.
Only if the synergy is large enough and the downstream firm’s outside options “bad” enough would
synergies be passed on. Hence the effect of synergies on the downstream price is discontinuous,
and may be altogether absent.

Example: suppose that pre-merger suppliers of a and b charge $15 and $40 for their respective
components. If the pre-merger unconstrained margin (e.g. the margin of a hypothetical monopoly
supplier of an essential component) exceeds $55, then cost synergies are not passed on, even if the
production cost were to drop to zero.

2.6 Antitrust discussion
No trade-off

A competition authority may have a theory of harm for a merger of complements that it analyses.
However Antitrust guidelines in the US and the EU lay out how such mergers can benefit consumers,
such that reviews of such mergers need to show that any harm exceeds the benefit:

“The merged firm may also have an incentive to offer lower prices [...] If the Agencies
conclude that both countervailing price effects are likely to be present post-merger
[the price-lowering effect from the internalisation and a price-increasing effect from
some anticompetitive practice], the Agencies will conduct a balancing of the effects to
determine the net effect on the prices customers will likely pay.” U.S. Department of
Justice & The Federal Trade Commission (2020), p.9.

Similarly, the European Commission merger guidelines state

“The integration of complementary activities or products within a single firm may
[...] provide an increased incentive to seek to decrease prices.” European Commission
(2014), p.213.

510n this, see also Karlinger et al. (2020).
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The present paper provides a practicable empirical / factual test on the basis of which Antitrust
authorities (and ultimately the courts) can dismiss claimed positive effects. If positive effects of
a proposed merger can be dismissed the Antitrust authority can focus on its theory of harm: if
consumers are expected to be harmed as per the theory of harm, the Antitrust authority then has
unambiguous grounds to act.

Discussion of the test

The Cournot effect holds true with regards to unconstrained prices: the optimal unconstrained
price of the merging parties is lower post-merger than pre-merger. However, if the facts of the
case show that the sum of the pre-merger dollar margins of the merging parties is smaller than
the downstream firm’s, it implies that the merging parties are already constrained pre-merger in
setting their prices to such an extent that post-merger the merged entity has no incentive to lower
price.

In this way, the margin facts mentioned in the test can inform us to expect no positive merger
effect for third party suppliers, the OEM and consumers. Margins are highly informative and
revealing of the competitive situation because the profit functions are identical except for the pass-
through and thus the margins. The results presented hold even if the market share of the merging
parties is 100%. And even if they ‘dominate’ their market. What matters are not market shares,
not percentage margins, but the dollar margin data.’?

When the merged entity does not have the ability to influence the OEM’s outside options,
Theorem 1 and the test apply even when allowing for post-merger bundling, simply because when
the merged entity faces the same constraints as pre-merger there is no gain from pure or mixed
bundling - bundling strategies have no effect.

Example of how to apply the test in practice

One of the attractive features of the test is that it relies solely on verifiable pre-merger data (margin
figures), rather than demand elasticities (which may be difficult to estimate reliably, Karlinger et
al., 2020) or any counterfactual or hypothetical post-merger outcomes.

To illustrate how the test can be applied in practice, let’s consider Apple. Apple’s unit cost
of an iPhone (taking the iPhone 11 as an example) is estimated at $490, including components
produced in-house and assembly.?® But Apple “charges more than double that amount to con-
sumers”®* (about $1100). In other words, Apple’s unit dollar margin on an iPhone 11 is greater
than the unit price paid to all suppliers combined. Consequently its unit dollar margin surpasses
that of all its suppliers combined. A direct application of the test concludes: even if all of Ap-
ple’s numerous suppliers merged, pre-merger margins reveal suppliers are collectively sufficiently
constrained such that post-merger they would have no incentive to decrease price. Cournot effects
would not materialise. Consumers would not benefit from such a merger of complements.®”

52If pass-through data is available, Theorem 1 can be used.

53Yang, Wegner, and Cowsky (2019).

54See e.g. Rosalsky (2021).

55Similarly for the iPhone X. Apple’s gross unit dollar margin (sales price minus input costs) for the iPhone X
has been estimated at around $620 (McGuire, 2018). The total unit price it pays to all of its suppliers is estimated
at $370 (IHS Markit, 2017). Such that the combined margin of all of iPhone suppliers is less than $370. If Apple
has in-house unit costs of less than $250 its margin is greater than $370, and thus the test would conclude a merger
of even all of Apple’s suppliers would not yield a price decrease.
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In addition to its application to prospective merger analysis, the test can be used for retro-
spective merger analysis. For example to the famously blocked proposed merger of complementary
suppliers GE/Honeywell. All that is needed for retrospective merger analysis is the pre-merger
margin data. (As mentioned, the test cannot be applied to mergers of firms which directly sell to

customers:®

6 such settings do not have a downstream margin to which the upstream margins can
be compared t0.%7)

Note: of course the test is only applicable to an industry which fits with the model laid out in
the present paper. E.g. if the model does not fit with how Apple sources components, then the

test might not apply.

Antitrust review: detecting “baked-in” Cournot effects

The EC, FTC, DOJ and many other authorities have come to rely on insights from Industrial
Organization to help decide on Antitrust cases, but both proponents and opponents to a particular
case (e.g. a merger case) typically submit economic analyses (often from academic economists)
with opposing conclusions and Antitrust implications. In a comment on the field of Industrial
Organization Paul Krugman wrote “there came a [... time] when a smart grad student could
produce a model to justify anything”.?3

Merger models are by definition a simplification of reality, the pertinent and critical question
is whether the manner in which a particular merger model simplifies reality leads to predictions
which distort or are even opposite to the true merger effects. When different models are submitted
to an Antitrust authority by parties respectively favourable and opposed to a proposed merger,
the test provides a practicable, simple, and transparent fact-based condition to dismiss arguments
regarding claimed benefits from Cournot effects which are inconsistent with the data at hand.

Addition to the Antitrust toolbox: comparison to existing merger tests

A number of merger tests have been derived from economic theory and developed for use by
Antitrust authorities. For horizontal mergers Farrell and Shapiro (2010) have introduced the
concept of upwards-pricing pressure (UPP) to replace the older HHI.??-69 The UPP uses price-cost
margins of the merged entity and diversion ratios®! to infer the extent to which the merged entity
would want to raise prices post-merger (due to weakened competition) or decrease prices (due to
efficiency savings). Moresi and Salop (2009) cited the evidentiary burden for efficiencies and other
factors and argued for the FTC to adopt the GUPPI (gross UPP index) which focuses on the

56However the intuition of the test still applies: the merged entity may not want to offer consumers a lower price
for the two components than pre-merger.

57 A broad literature explicitly analyses complementary goods sold directly to consumers, with a focus on compat-
ibility. Matutes and Regibeau (1988, 1992) explain why competing firms may want to offer compatible products,
Farrell, Monroe, and Saloner (1998) and Denicolo (2000) consider why competing firms would benefit from a lack
of interoperability.

58Krugman (2014).

59The Herfindahl-Hirschman Index is not fully out-of-date, it is still referred to in the current DOJ and FTC
horizontal merger guidelines, see U.S. Department of Justice & The Federal Trade Commission (2010).

60The HHI for an upstream component market does not necessarily offer much insight for the merger of comple-
ments test. If the HHI shows there are several potential suppliers, this does not exclude that the supplier can charge
the monopoly price. And if the HHI shows there is no other potential supplier, then there may still be a constraint
on the monopolist supplier’s price from the downstream firm’s in-house production option.

61'Which may not be available, and in practice are typically estimated via market shares.
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incentive to increase prices.%?

More recently, for vertical mergers the vGUPPI has been developed by Moresi and Salop (2013)
to gauge the incentive of the merged (vertically integrated) entity to raise the input price for a
third party firm which is simulatenously a downstream customer and rival. I.e. to estimate the
incentive to engage in partial input foreclosure by losing upstream profits but gaining downstream
profits. Again the interplay of margins and diversion ratios plays a key role in the calculation.®?

Compared to the aforementioned tests, the present test requires fewer data points: it merely
requires three data points on unit dollar margins. (Diversion ratios and market shares play no
role here.) Furthermore, the type of conclusions reached differs: in the horizontal and vertical
GUPPIs margins are used to estimate the value of increased sales to the merged entity to gauge
the extent of a post-merger price increase by the merging parties. The test derived in the present
paper uses margins to reach a binary conclusion on whether or not competitive constraints exist
and are sufficient to rule out any merger-specific gains to consumers.

3 Case-specific theory of harm: model

This sections models a merger of complements (here two producers of complementary inputs used
by a downstream firm) with a specific theory of harm.

3.1 Setting

The setting of section 2.1 is used here, to which we now add further specifications for two compo-
nents markets of relevance to the merger.

As a brief restatement of the setting in section 2: an OEM sources K > 2 inputs from external
suppliers. In stage 1 offers for all K components are submitted simultaneously, potential suppliers
of each component i € K compete a la Bertrand in submitting a unit price offer. In stage 2
the downstream firm faces a strictly decreasing and weakly log concave demand function and sets
uniform consumer price P to maximise profit IIp = (P — ¢ — Ejil v;)Q(P). Each supplier i € K
obtains profit m; = (v; — ¢;)Q(P*).

The model of section 3 deals with a merger of firms able to produce components A, B, € K.
Let’s consider the competitive landscape of each of those components in turn.

Starting with component A: one firm owns a cost-reducing technology for producing component
A, denote that firm by AT . The technology owner A7 has constant unit marginal cost c47 > 0
of producing input A. Let there be at least two firms which - without the technology owner’s
technology - can produce component A at constant unit marginal cost ¢4 > c47. Suppose that
with a license to use the technology owner’s technology, these third party firms are able to produce
component A more efficiently than the technology owner, with ca < c47. Quality differentiation
in component A is assumed away for conciseness of exposition.

62The GUPPI estimates the incentive of the merged entity to raise prices, it does not estimate the response of
other firms and the equilibrium price change. Moresi, Salop, and Woodbury (2010) briefly lays out the calculation
of the index. The GUPPI is not yet mentioned in the current EU merger guidelines (European Commission, 2014).
There is a continuing discussion in Europe on whether data on margin levels should be used in Antitrust merger
reviews. See Padilla (2018) and Valletti and Zenger (2018). For a brief policy discussion, see also Caffarra et al.
(2018).

63See also Moresi and Salop (2020) on this.
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The timing for component A is as follows: first the technology owner decides whether to license
its technology to other firms and - if it decides to license - at what rate to set the unit royalty r.64
Second, when the OEM sets up a tender competition takes place between potential suppliers. The
OEM then selects the firm which offers the lowest price.

Turning to component B: let firm BZ be the incumbent supplier of component B. Its constant
unit marginal cost of production is cgz > 0. It can invest in deterministic innovation iz € [0, cpz]
to decrease its unit cost to cgz —ipz, at cost kpr(ipz). There are one or more other producers of
component B, with constant unit marginal cost ¢g > cpz. Finally, there exists a potential innovator
or entrant,% denoted by BE, who can invest a level ige € [0, 1] in probabilistic innovation, at cost
ke (ige). With probability ige the investment results in a marginal production cost of zero. With
probability 1 — ige the investment is unsuccessful and yields no benefit to the investor.®® Quality
differentiation in component B is assumed away for conciseness of exposition.

The investment cost functions of the incumbent and of the entrant are strictly convex®’, with
cost and marginal cost of 0 at investment level 0.°® kpz(csz) and kpg(1) are prohibitively high
(to ensure the incumbent never finds it profitable to reduce its marginal cost to zero, and that the
potential entrants never finds it profitable to innovate with certainty). (To ensure a unique pre-
merger solution: let k}{7(igz) be > 0 or <0 on igz € [0, cpz), and k¥ (ige) > 0 on ige € [0, 1].)%9

The timing for component B is as follows: first the incumbent and entrant choose their invest-
ment levels. Afterwards the investment outcomes are revealed. Finally, when the OEM sets up a
tender price competition takes place between potential suppliers.

The model considers a merger between the technology owner in A, firm A7, and the incumbent
in B, firm BZ. I assume

CA — ca + Cp < marginp, (11)

which implies suppliers of components A and B engage in price maximisation (Lemma 1), and that
the test applies. The following sets out the pre- and post-merger outcomes.

3.2 Pre-merger equilibrium

Starting with component A: if the technology owner chooses not to license its technology to rivals,
Bertrand competition between suppliers leads to unit price v4 = ¢4. The technology owner would
then supply the OEM and earn unit profit w47 = €4 — ca7, with total profit (cx — ca7)Q(¢a).
(Using Q(v4) as the shorthand notation for Q(P(va + Z;;A v;)).)

With c4q < ca7 licensing to third parties is always profitable: the technology owner sets a unit
royalty 7 = ¢4 — ca and thereby reaps a unit profit greater than if it sold itself. Potential suppliers
have cost c4 + r = €a, the OEM still pays price va = ¢a, AT’s profit is (¢a — ca)Q(ca).

64The licensing contract signed with any third parties stipulates  and is valid for a prolonged time (e.g. several
years). Such that if the technology owner decides to license it is committed to its decision.

65Which may or may not be in the set Np.

66The setup in component B is the same as in Etro (2019) except here the incumbent is always constrained in
its pricing - which is crucial to allow for Cournot effects not to materialise - and that here the downstream firm is
modelled as a strategic actor - which is crucial to be able to compare upstream and downstream margins.

67To ensure the inverse of the marginal cost function exists.

68T ensure positive equilibrium investment levels pre-merger. These assumptions are identical to those of Etro
(2019), except that I assume k(0) = 0. Assuming otherwise has obvious implications: one or both parties may not
invest at all.

69Gee section [ref to appendix] for a discussion on the uniqueness of the pre-merger solution.
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Thus we have the following pre-merger equilibrium for component A. Licensing is profitable.
Licensing is used by the technology owner to extract a greater profit than what it could earn
if it produced and sold component A itself. Intuitively licensing allows the technology owner to
capture the efficiency advantage of third party suppliers who use its technology. The OEM pays
unit price v4 = €a, the technology owner earns profit 7Q(¢a) = (¢a — ca)Q(¢a), and the supplier
of component A earns 0 profit.

Proposition 2. Pre-merger, the technology owner finds licensing profitable whenever it is less
efficient (with some positive probability) than some potential licensees would be if they had the
right to use its technology.

Proof. This follows from the text. O

Turning to component B: if BE does not innovate Bertrand competition yields vp = ¢g, and
the incumbent sells. The incumbent earns unit profit 7z = €5 — (¢pz — igz), with total profit
m3zQ(¢B). If BE innovates Bertrand competition yields vg = cgz — igz. BE sells and earns unit
profit mge = (cpzr — ipz), with total profit mgeQ(cpz — igz). (Using Q(vp) as the shorthand
notation for Q(P(vp + ZJI-;B v;)).) The sales volume Q(csz — inz) > Q(cp).”

Given these outcomes, the incumbent supplier and the potential entrant select their investment
levels to maximise their respective profits

Nz = (1 —ige) (¢ — cpz +inr) Q(cB) — kpz(inz)

Hpe = ipe (cz —inz) Qcsr —inz) — kse(ine)

Maximising yields the simultaneous equations’!
{igz = k' (1~ i) Q(R)] € (0.e5)
ige = kg [(cz —ip)Q(cpr —inr)] € (0,1)

where, in the unique equilibrium, both investment levels are strictly positive.”? Given (11) (cpr —
inr)Q(cpz — ipr) is strictly increasing in ipz.

The equilibrium level of the incumbent’s investment is driven by three effects. The first two
are a trade-off between the benefit of a lower unit cost when supplying and the investment cost.
The third effect is that increasing investment by lowering unit cost reduces the entrant’s payoff to
innovation, thus leading to a lower probability of market entry.

More investment by the incumbent supplier of component B implies a lower price vg when the
innovator BE successfully innovates. Investment by the incumbent does not benefit the OEM, its
other suppliers, and consumers when the incumbent sells, but when it does not sell - i.e. when
there is competition with the successful innovator.

This positive effect vanishes after the merger when there is full foreclosure of BE: if BE no
longer finds it profitable to invest post-merger, the price of component B will always be ¢g, with
corresponding quantity Q(¢g).

"0Because p € (0,1] and Q'(P) < 0.

"1BI’s quantity sold, when it sells, is independent of its own investment level. And BE’s quantity sold, when it
sells, is also independent of its investment level.

72See appendix B.3 for more detail.
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3.3 Post-merger equilibrium & merger effects

The post-merger change in welfare is determined by the direction of change in optimal input prices
vl + vg (as the total input cost >, v; and the consumer price P move in the same direction, see
Lemma 2). To assess the welfare effect of the merger we therefore now investigate the merger-
specific effect on prices for components A and B.

Post-merger the timing is as follows. First the merged entity decides whether to engage in
(pure) bundling of its components A and B as well as whether to continue to license its technology
for component A, and if so at what rate to set the royalty.”® Second, after the licensing decision
the incumbent supplier of component B and the potential entrant (insofar as it is not fully fore-
closed) decide on their respective investment levels. Third, investment outcomes are revealed and
potential suppliers compete to supply the downstream firm. Finally, the downstream firm selects
its suppliers, and sets consumer price P.

3.3.1 Key intuition on refusal to license

Suppose the merged entity refuses to license the technology for component A to third party sup-
pliers (i.e. it does not renew its licensing agreements). And that the merged entity can commit
to pure bundling: it only sells its component versions of components A and B as a bundle to the
OEM. Then, if the OEM wishes to purchase BE’s component and component A, the OEM must
get the latter component from third party suppliers of A.

Were BE to innovate, there would effectively be competition in bundles. The OEM would face
the choice to purchase components A and B from the merged entity M, which has unit cost

CAT +CBT —iMm

or to purchase component A from a third party supplier of component A as well as component B
from BE,™ which have combined costs

A
(recall that BE’s unit cost is set to zero when it successfully innovates). An equilibrium where the
possible entrant is fully foreclosed is, by definition, one where

ige(ipg) =0 and i3 (0) > cpz — (€4 — car) (12)

(Any other equilibrium is one with partial foreclosure.)” Rewriting the above as ¢4 — car >
cz —ipm» —0, where zero is BE’s unit cost if it innovates, brings out the intuition: if the technology
owner is efficient enough relative to the OEM’s next-best alternative, the entrant in component B
cannot make up for the lower efficiency of its “bundle partner” with its efficiency advantage over
the incumbent of component B to win in the competition between bundles.

If (12) does not hold, then the possible entrant in component B is partially rather than fully
foreclosed: it earns a lower profit as it now not only competes against the incumbent supplier of

component B, but also has a worse “bundle partner” - as the technology owner is more efficient

73Such refusal to license may take the form of not renewing any licenses when existing agreements expire.
74The OEM chooses its suppliers based on the vector of total component prices, as in Economides and Salop

(1992) and Matutes and Regibeau (1988). Compatibility issues discussed in the latter are not considered here.
75See appendix B.3 for more detail.
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than any producer of A who does not have A7’s technology. Prior to the merger the incumbent
and the successful entrant compete on equal terms, post-merger they do not.

To understand the effect attributable to the refusal to license post-merger, let’s suppose that
the merged entity engages in pure bundling but continues to license. In that case the merged entity
would not descend to its marginal cost c47 + cgzr — iam because of its unit opportunity cost r of
selling directly. So instead it would descend in price only to"®

caT + ez —im+r

This exceeds ¢z.77 Such that the bundle including BE would be cheaper for the OEM.

Intuitively, if the merged entity engages in pure bundling but continues to license it has an
opportunity cost of selling directly. Accounting for this opportunity cost, the merged entity has no
cost advantage in component A relative to the bundle it competes with: when the merged entity
engages in pure bundling but continues to license, there is no foreclosure effect at all - partial or
full - of the potential entrant BE.

Thus the key intuition is: refusal to license works as a commitment device not to sell via
others. In this sense, refusal to license is akin to “burning a bridge” of making money selling via
third parties. “Burning the bridge” by refusing to license leads the merged entity to credibly bid
aggressively should BE innovate. This decreases the potential entrant’s payoff from innovation and
thereby leads to its partial or full foreclosure.

Proposition 3. If the merged entity continues to license post-merger, it has an opportunity cost
of selling component A directly. This opportunity cost prevents any foreclosure of the potential
entrant in component B.

Refusing to license post-merger reduces the merged entity’s outside option of selling to the OEM
to zero. Le. it eliminates its opportunity cost. With a commitment to pure bundling the possible
innovator of component B is then partially foreclosed or, if (12) holds, fully foreclosed.

Proof. This follows from the text. O

Let’s briefly deal with the other options available to the merged entity. If the merged entity
continues to license the technology for component A at r = ¢4 — ¢4 (it has no incentive to lower
the royalty), the merger has no effect on any outcome and is not strictly profitable. If the merged
entity refuses to license but does not engage in bundling, the merger is strictly unprofitable as it
loses licensing revenue without gaining anything in return. We already discussed continuing to
license with pure bundling. As discussed to refuse to license and to engage in pure bundling limits
competition from the potential entrant in component B. In this way discontinuing to license and
pure bundling can lead the merger to be strictly profitable.

Table 2: Profitability of stage 1 decisions of the merged entity
Tm — a7 — 73z No bundling  Pure bundling

Continue to license 0 <0

Refusal to license <0 can be >0

76Where the level i%, may differ from that in (12).
"TBecause cAT +T =carT +¢Ca —ca >¢a and cgr —ipm > 0.
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The following sections deal with refusal to license and pure bundling with, respectively, full and
partial foreclosure of the possible innovator BE.

3.3.2 Pure bundling & refusal to license, outcomes with full foreclosure

When B€ is fully foreclosed it does not invest in innovation (as its payoff should it innovate would
be zero). The lack of competition in component B implies that vg = €. For component A, the
price is unchanged at v4 = ¢4. The sum of post-merger prices for components A and B

vA+vBp =CA+Cp

strictly exceeds the expected pre-merger prices of those components. In the pre-merger case, while

va = Ca, vp equalled ¢g when BE did not innovate, and vg < ¢g when it did innovate. Thus with

refusal to license and pure bundling the expected input prices unambiguously rise post-merger.
Investment by the merged entity M now maximises its profit

M= [ﬁ-ﬁ-@ — (car + ez — iM)}Q(ﬁ-F ¢p) — kpz(im)
= i = kg |Q(ex +7p)|
This exceeds the pre-merger investment level of BZ, which was given by k'/B_Zl [(1—ige)Q(ca+7cB)],
for the simple reason that pre-merger the investment generated no return when BE successfully
innovated, whereas post-merger the deterministic innovation always generates a benefit. While the
merged entity’s investment in component B increases post-merger, it reaps all the benefit from

the increase in investment. The OEM and consumers reap none of this, as component B’s price
remains at ¢g no matter how much the merged entity invests.

Proposition 4. Post-merger, with refusal to license and pure bundling, when the possible innovator
of component B is fully foreclosed:

1. Investment in innovation by the potential entrant drops to zero.

2. Investment by the merged entity in component B rises, but all benefit from greater investment
s reaped by the merged entity.

3. The OEM’s input prices for components A and B unambiguously rise. (Because competition
in B is foreclosed.) And therefore,

4. The merger causes unambiguous harm to the OEM, consumers, third party producers of
components A and B, and to all other suppliers of the OEM, as higher input prices for the
OFEM reduce its margin, and - to the extent that the OEM passes on any of the input price

increase to consumers - increase the consumer price and reduce consumer quantity.
Proof. This follows from the text. O

The merger is strictly profitable with refusal to license and pure bundling if the post-merger
profit of the merged entity

M = [Ca—car +Cg — (e — i) Q(€a +CB)
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exceeds the combined pre-merger profits of AT and BZ
Tar +7pz = (1 —ipe) [r+ B — (cpz — ipr)] Q(€a +CB) + ipe r Q(CA + ez — ipz)

where r = €4 — c4. Rearranging, for the merger to be profitable it must be that

Q(¢a + ez —iB1) )

i~ i+ i (5 — ewz 4 if7) > ear —ea e T[S G

From the above line we can distinguish four merger effects on the merging parties’ profit, when
the merged entity refuses to license and engages in pure bundling.

e Post-merger, the merged entity gains a greater revenue in component B. The revenue increases
due to (1) always having a lower unit cost thanks to investing more (by i}, —ij7), and (2) no
longer losing out on margin ¢g — ¢z + i, Which occurred with probability i}, pre-merger.

e Post-merger, the merged entity loses revenue in component A. The revenue falls due to (3)
always losing out on reaping the extra c47 — ca as the merged entity now sells itself rather
than licensing and “selling” via third parties who - with A7’s technology - would be more
efficient. And due to (4) no longer earning a royalty on the extra quantity Q(¢a + cgz —
inr) — Q(Ca + ¢g) when BE innovates, which occurred with probability i%c pre-merger.

Foreclosure is profitable if losing licensing revenue on component A yields a large enough de-
crease in the potential entrant’s investment.

3.3.3 Pure bundling & refusal to license, outcomes with partial foreclosure

Let us now turn to the case of partial foreclosure of the potential entrant in component B. The
results are very similar. BE’s post-merger investment, its “new” optimal investment level i3,
is reduced compared to the pre-merger situation. To see this: the merged entity and BE now

maximise
man = (1= ifse) [a+ 2B — (car + cnz — im)| Q(ea +7) — kozling)
TRe = igg [CBI —im — (Ca — CAT)} Qear + ez —im) — kpe(ine)

Condition 11 has been assumed to hold, hence by Corollary 2 - i.e. the test - the merged entity
sets the highest post-merger price possible. We can see that the Cournot effect does not hold: the
post-merger price of the merged entity for the two components A and B is not lower than that
the sum of the pre-merger prices of the suppliers BZ and A7 . Post-merger the merged entity still
wants to price at the constraint. I.e. we here have v}, £ €1 + ¢5.

The merged entity and BE select investment levels

{% — kgp' [(1 — i) Q(ea + 25)] € (0,25)
i = kg [lesz — im — (@ — car)|Qear + ez — ia)] € (0,1)

These two lines above are the same as in the pre-merger case, except for a lower innovation
payoff for the possible innovator. The investment drop by BE is due to two reasons. For any
given investment level of the merged entity, the payoff when innovation succeeds is lower than
pre-merger, because BE needs to make up the merged entity’s cost-advantage in A: ¢1 — ca7.
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Given BE’s lower payoff from innovation, the merged entity increases its equilibrium investment in
component B, which further decreases BE’s equilibrium investment level.

Let us now consider the effect on prices for components A and B. Post-merger with refusal to
license and pure bundling, under partial foreclosure prices of the two components are

cA+¢CB with probability 1 — ig
UA + UB = . . .1 .
caT +cBr — 1)  Wwith probability iZk

Comparing this to pre-merger prices, we have:

e The price paid by the OEM for the components is now more frequently ¢4 + ¢g rather
than something lower, because the possible entrant’s equilibrium likelihood of innovation
decreases.

e The price paid by the OEM falls below what it was pre-merger when the entrant successfully
innovates, for two reasons. First, the incumbent invests more, so bids more aggressively
post-merger. Second, the price of component A also falls, as the merged entity bids down
the price of the bundle.

Proposition 5. Post-merger, with refusal to license and pure bundling, when the possible innovator
of component B is partially foreclosed:

1. Investment in innovation by the potential entrant decreases.
2. Investment by the merged entity in component B rises.

3. The OEM’s input prices for components A and B are more frequently (or with a higher prob-
ability) at a high level than pre-merger, as the potential entrant enters and competes less
frequently with the incumbent supplier of component B. However, when the entrant success-
fully innovates, prices are lower than pre-merger due to more intense price competition.

4. The merger may lead to an increase in expected price (even with an elastic demand function)
or it may lead to a decrease in expected price (even with a totally inelastic demand).

Proof. 1.-3. follow from the text. 4 is shown in Appendix B.2. O

Possibly, one may deem the competition authority to have a theory of harm if the expected
price is estimated to increase. Conversely, possibly one may deem the competition authority not
to have a theory of harm if the expected price is estimated to decrease.

The merger is strictly profitable with refusal to license and pure bundling if the post-merger
profit of the merged entity exceeds the combined pre-merger profits of A7 and BZ.”® Comparing
shows the merger is profitable when

(ige —ige)[ca —car +TB — (cz —im)] + (1 —ige)[im — isz]

. Q(ca,cpr —ipr) »
> igeT ——— +(1—1 CAT — C
e G T+ (1 e lear — cal

"8Recall that this is m47 + 757 = (1 — ige) [ +¢B — (cBz — i) Q(Ca,CB) + ige ™ Q(¢a, c5T — inz) Where
T=CA—CA.
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Intuitively, the merged entity now enjoys no entry from the potential entrant with an increased
probability ije — ij5¢, where it competes against the competitive fringes in components A and B.
In addition, compared to when the entrant did not innovate pre-merger, the merged entity reaps
the additional profits of its greater investment. These benefits are set against the loss of licensing
revenues.

As to the welfare effects: Proposition 5 states the expected price for the downstream firm -
and thus the consumer price - may rise or fall. I.e. even with partial foreclosure it is theoretically
possible for the OEM to enjoy a lower expected post-merger price than pre-merger. Whether the
expected input price increases or decreases for the merged entity depends (among others) on how
the potential entrant’s investment reacts to a decrease in its investment payoff.

To summarise: pre-merger it is profitable for the owner of the cost-reducing technology to
license its technology. To extract a higher price from the OEM. If the merger is profitable, the
merged entity finds it profitable to cease to license (which works as a commitment to bid aggres-
sively) and engage in pure bundling. Thereby partially or fully foreclosing other suppliers of those
two components. With partial foreclosure consumer welfare may increase or decrease, with full
foreclosure consumer welfare unambiguously falls.

3.4 Verbal summary

A downstream OEM (e.g. Apple) sets a profit-maximising price for its consumer product, given
unit input prices set by its suppliers. The model analyses a merger between a technology owner
of some component A, and an incumbent supplier of some component B. The test is assumed to
apply: the merging parties are constrained in their pricing pre-merger.

The results of the model can be summarised as follows. Pre-merger,

e Licensing is profitable for the technology owner in component A: when third party producers
with the technology are more efficient than the technology owner, the latter can earn a greater
profit through the royalty (“selling” indirectly via others) than when it sells itself directly to
the OEM. Thus pre-merger third party producers of component A use the license and may
earn some profit.

e The incumbent supplier of B invests in innovation. A potential entrant in component market
B invests in probabilistic innovation, when its investment results in successful innovation
price competition ensues and leads to a low price for component B, earned by the and the
entrant who displaces the incumbent in supplying the OEM.™

Post-merger, the merged entity decides whether to both cease to license its technology in
component A% and to engage in pure bundling. By refusing to license, the merged entity “burns
its bridge” of earning revenue when a third party supplies component A to the OEM - when it
“sells” via others. This renders the merged entity more aggressive when competing on price, as its
outside option of not selling directly falls from earning a royalty (pre-merger) to zero (post-merger).

Post-merger with refusal to license and pure bundling, for the OEM to prefer to purchase from
the entrant rather than from the merged entity the entrant needs to be not only more efficient

79The setup in component B is the same as in Etro (2019) except here the incumbent is always constrained in
its pricing - which is crucial to allow for Cournot effects not to materialise - and that here the downstream firm is
modelled as a strategic actor - which is crucial to be able to compare upstream and downstream margins.

800r refuse to renew licenses that expire.
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than the incumbent, but it also needs to “make up” the efficiency advantage of the technology
owner relative to other suppliers of component A (who no longer hold a license to the cost-reducing
technology for component A). As one of those other suppliers will be the entrant’s “bundle partner”
in competing against the merged entity. This reduces the entrant’s payoff from innovation, and
thus reduces its post-merger investment.

Refusing to license is not costless: pre-merger licensing was a profitable tool to extract surplus
from more efficient firms. However post-merger this benefit may be outweighed by the added value
of partially or fully foreclosing a potential entrant in component B.8! When the merger is strictly
profitable, the merged entity finds it profitable to refuse to license and engage in pure bundling of
components A and B. Then:

e Prices for component A do not decrease (they may rise or may not change).5?

e The potential entrant in component B is partially or fully foreclosed. When it is fully fore-
closed, the price of component B unambiguously rises. Because of the elimination of com-
petition when the entrant would have innovated pre-merger. Any benefit from increased
investment in innovation by the merged entity is retained by the merged entity, with none
passed onto the OEM and consumers.®3 The merger benefits the merging parties but causes
unambiguous harm to all others - the OEM, consumers, third party suppliers (and potential
entrants).

e When the potential entrant is partially foreclosed the merged entity also invests more than
the incumbent supplier of component B did pre-merger. The entrant invests less, therefore
the OEM pays a higher price with a higher likelihood post-merger than it did pre-merger.
Given the merged entity’s lower cost post-merger, when the entrant does innovate price
competition is more intense, and the price paid by the OEM is lower. Overall, the expected
price for component B can rise or fall.

One could slightly adapt the setting to have third party suppliers of component A earn a
positive expected profit.®* To the extent that one would model third party suppliers of component
A (licensees) to earn positive expected profits pre-merger, the merger with refusal to license can
also strictly harm those firms.

Finally, note that no countermerger can solve the problem created by the merged entity refusing
to license its technology.®® The technology in component A is unique, the potential entrant in
component B cannot, via a merger, make up for its competitive disadvantage.

81The One-Monopoly-Profit Theorem does not hold because the technology owner can affect, via its licensing
decision, the competitiveness of other firms in A - which are bundle partners of the potential entrant in B. In this
sense refusal to license is a “raising a rival’s cost” (RRC) strategy.

82Both pre- and post-merger the upper price limit is determined by the competitive fringe.

83The assumption of incomplete information of the OEM partially drives this result: with complete information
and bargaining - discussed in Appendix section B.1 - the OEM can reap some of the benefits of its suppliers’ relative
efficiency. Though of course this creates a hold-up problem, such that the investment level of firms falls - compared
to a situation with incomplete information and no hold-up. On this see Loertscher and Marx (2019).

84F . g. by assuming they have cost ca with probability y and cost c4 —z with probability 1 —y. For small enough
z and large enough y, the technology owner prefers to set » = ¢4 — c4 (rather than r = ¢4 — cq + ), which may
leave a third party supplier with a unit profit of z.) Similarly, we could model the situation slightly differently to
have the technology owner sell component A with some positive probability.) For simplicity, this is left out here.

850n countermergers in a vertical chain, see Ordover, Saloner, and Salop (1990). On endogenous profitability
of horizontal mergers (how one merger may render a series of further mergers to be profitable), see Nocke and
Whinston (2010).
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3.5 Antitrust discussion

In a comment on the rise of market power and margins of firms, Caffarra et al. (2018) write “low
margins aren’t alone sufficient to remove competition concerns”. Indeed, and perhaps surprisingly,
the present paper shows mergers of complements are particularly worrisome when the merging
parties face competition rather than being monopolists - i.e. when they have little ‘market power’.
Although, by now, the intuition behind this result should be clear. When both merging parties
are sufficiently constrained pre-merger they have no incentive to lower post-merger prices as they
would still like to price higher. Therefore intuitions for horizontal mergers do not translate to
mergers of complements: Valletti and Zenger (2018) find that “Prospective [horizontal] mergers
are more likely to cause competition concerns the higher firm’ pricing power is to begin with” while
this paper finds it is the lack of pre-merger monopoly power that leads a merger of complements
to yield no benefit (no price decrease).

In the model of section 3 a remedy that would require the merged entity to license the technology
on FRAND terms prevents harm to consumers in the affected markets: it eliminates the risk of
limiting competition in component B; it also eliminates the risk of foreclosure of rival suppliers of
component A.86 This is the remedy the European Commission chose to impose in the Qualcomm
/ NXP case.®”

The following four paragraphs address one question each. First, why is there no positive effect
from internalising pricing externalities in the current model, while such internalisation exists in
other models? Models which have such positive effects typically assume that suppliers would be
able to charge a price for their component unhindered of any outside option the OEM may have
(except for the OEM’s decision not to buy at all). Suppliers can charge prices so high that a
marginal increase in their price is unprofitable due to the marginal decrease in consumer demand,
they trade-off the benefit of a higher unit price versus the loss in the quantity demanded by
consumers. In light of the test derived in section 2, such an assumption seems inconsistent with
observing that the downstream margin surpasses that of its merging suppliers.

Second, why does the “One Monopoly Profit Theorem”®® not apply to the present setting?
Pre-merger, the technology owner A7 - who is not a monopolist - extracts the maximum surplus
it can obtain from component A. Post-merger, the merged entity chooses to no longer license. As
a result it loses revenue on component A compared to what A7 earned. It is profitable to refuse
to license post-merger with a commitment to pure bundling, because doing so makes it credible
to bid aggressively on price should the possible innovator or entrant BE innovate, thus reducing
that firm’s investment, and partially or even fully foreclosing that possible entrant. The merged
entity chooses to give up some revenue post-merger in component market A in return for reducing
or eliminating competition on market B.

Third, what role does credibility of commitment to a pure bundling strategy play? If the
merged entity can backtrack on its licensing decision at no cost after observing the outcome of

86When two firms seek to merge, competing firms or producers of complements may welcome the merger. Com-
peting firms may benefit from a decrease in the level of competition - as in the classic Cournot effect. Producers
of complements may benefit from the merged firms internalising externalities. In such cases, merger authorities
may not hear from third party firms about risks posed by the merger to consumers. In the Qualcomm / NXP case
however third parties did raise concerns.

8"European Commission (2018b).

88This is also known in the literature as the “One-Monopoly-Rent Theorem”, see Hermalin and Katz (2013).
Hermalin and Katz (2013) consider a differentiated duopoly rather than a monopoly in the tying market. The
results of the present paper do not rely on differentiation in the tying market.
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the potential entrant’s innovation effort, commitment to the licensing decision is of course not
credible ex ante. Timing and whether the components are designed to be physically tied plays
an important role in ex ante credibility (Kiithn, Stillman, and Caffarra, 2005), and the ex post
impossibility to backtrack - or on it being prohibitively costly to backtrack. For example, if the
merged entity produces components A and B such that they are physically tied, unbundling may
be very costly or impossible without damaging or destroying the product. Commitment may then
be credible. In addition, timing plays a role: if there is little time between observing the entrant’s
innovation outcome and the time the tender takes place, deciding to license ex post may be too
late for alternative suppliers of A to design and plan for production, such that they may be unable
to take part.

Fourth, if the technology of the technology owner is described as a “must have” feature for
the OEM® does this alter results? No. If parties describe the feature as a “must have”, the
possibly far worse alternative is still the relevant outside option for the OEM: it is what it would
fall back on were it not to reach an agreement to obtain a component featuring that technology.
To assume that the OEM would not produce a new smartphone model at all in case it does not
obtain this feature would disregard that outside option (and any improvements made to any other
features and components). For the OEM to obtain the “best-of-breed” components can be an
equilibrium outcome, rather than necessarily a “make or break” condition to produce and release
a new smartphone model at all.

Finally, in its Qualcomm/NXP decision the European Commission noted that it is “non-
standard” to assume “that pre-merger the prices for different components are [obtained] without
taking into account the price of complementary components”,”° as it is unclear why the price of
“one component would pre-merger not be affected by the price for complementary components that
are bought by the same buyer and that are needed to produce a given final good”.”" The context
described in the present paper explicitly addresses this point: if suppliers set their own prices,
even if an incumbent is by far dominant pre-merger margins can reveal whether the incumbent
is constrained by some worse - possibly far worse - outside option of the OEM. In which case it
maximises its price, subject to constrains in its own component market - not subject to prices of
other components.

4 Robustness: different informational assumptions & price

formation

In section 2 potential suppliers offer a price which the downstream firm can either accept or reject:
upstream suppliers set prices. It was assumed the downstream does not know the costs of potential
upstream suppliers. But that upstream firms have complete information.

We now discuss different informational assumptions and different price formation processes for
input prices. (The downstream price formation remains unchanged: based on unit input cost the
OEM sets its consumer price, where the optimal price is given by (1).) The aim is not to conduct a
full repeat of section 2 but to provide insights and intuitions for any changes in results. The focus

89Tn the Qualcomm/NXP case, MIFARE was described as a “must have” such that some OEMs would not even
consider SE (security element) suppliers who did not provide MIFARE. See European Commission (2018a), p.51.

9Furopean Commission (2018a), p.123.

91 Ibid., p.123-124.
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is to assess whether or not a merger of complements is profitable and whether Theorem 1 and the
test still apply in those different environments.

4.1 First price auctions with endogenous quantity

Departing from section 2, it is here assumed that potential suppliers of a same component do not
know each other’s cost. If the downstream firm uses a first-price auction - awarding the supply
contract to the firm who makes the lowest unit price offer - then it is no longer guaranteed that
Theorem 1 and the test hold. The below presents a setup where Theorem 1 and the test no
longer hold; a setup where they still hold; and provides intuitions for the underlying forces with
incomplete information and FPAs.

Hansen (1988) showed that with endogenous demand the revenue equivalence theorem between
FPAs and SPAs”? no longer holds. Because, intuitively, in a FPA with endogenous demand the
“cost” of bidding slightly “too low” (relative to the optimal bid with fixed quantity) is reduced,
because a lower bid increases demand. Therefore parties will bid more aggressively (submit lower
offer prices), to the benefit of the downstream firm.%

Let’s start from the setting in Hansen (1988) and then construct a hypothetical situation with
a merger in a way that Theorem 1 and the test no longer hold. Hansen (1988)’s setup has two
potential suppliers of component r € K, with respective constant unit marginal cost ¢; and c;.
Each firm’s cost is i.i.d. on c.d.f F' with continuous density f on [¢,¢]. The two firms have common
knowledge about their shared cost distribution. Unit costs ¢; and ¢; are private information. Let
firm j use bidding function b;(c;) with b;. > 0, then firm 4 has expected profit from offering a unit
price / from bid b;

= [1 = F(b; " (b:)](bi — c:)Q(b;)

where, recall, T use Q(b;) as the shorthand notation for Q(P(bi + E;;Z vj)). Assuming both firms
use the same bidding function b, and letting firm 4 choose its reported c yields

E(mi) = [1 = F()](b(c) — ¢)Q(b(c))

Differentiating the expected profit with respect to ¢ and rearranging allows us to obtain the

differential equation %. An equilibrium exists when the two potential suppliers choose “honest

revelation”, ¢* = ¢;.

[@} _ f(ci)[blei) — ¢]Q(b(cy))
dclprem (1 — F(c)[Q(b(c:)) + (b(c:) — ¢1)p@Q' (P)]

The above is Hansen (1988)’s result with endogenous quantity.?*

Now let’s build on Hansen’s result and imagine the following situation. A supplier of component
s € K and a supplier of another component ¢ € K each have complete information about their
respective constant unit marginal cost advantage over the second-most efficient potential supplier

of s and t. Let the competitive advantages be equal: CLZ] —cs = 02[52] — ¢¢ > 0. The suppliers of s

92Due to Vickrey (1961), Myerson (1981), Riley and Samuelson (1981) as well as Harris and Raviv (1981).
93See Hansen (1988), p.50.
94pQ’(P) in the present paper corresponds to % in Hansen (1988), p.48-9.
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(2]

and t respectively bid and obtain optimal price vy = ¢s ' and vy = 01[52] (with certainty). One of the
two symmetric potential suppliers of component r merges with the supplier of s, the other merges
with the supplier of ¢. Thus post-merger symmetry is retained.

Each merged entity bids to supply component r, and sells another component (s or ¢ respec-
tively) to the downstream firm. The expected profit of merged entity i given its bid b; for component
r and bid v, for its second component s is

E(m;) =Pr(win|b;)(bi — ¢ +vs — ¢5)Q(b:)
+ [1 = Pr(win|b;)] (vs — co)E(Q(BM) I < ;)
=Pr(win|b;)(b; — ¢))Q(b;) + (vs — ¢, )E(Q(M))
=[1 = F(o)](b(e) = ci)Q(b(e)) + (vs — cs)E(Q(M))
where again the last line assumes both firms use the same bidding function b, and lets firm ¢ choose
c. Note that %&fm)) < 0.
When pre-merger p x Zr,s margin; < marginy, the price-maximisation Lemma 1 implies

6E(7T7;)

>0
0vs  lv,<cl?!

I.e. the merged entity leaves the price of component s unaltered post-merger.
Differentiating the expected profit with respect to ¢ and rearranging to obtain the differential
equation yields

[@} _ flei)[blei) — cilQ(b(ci))
Oclposth (1= F () [Qb(ex)) + (bler) — €)@ (P)] + (v — ) G

This is identical to the pre-merger result, except for an additional negative term in the denominator.
ob b
(5] pours > L5c)
oc postM Oc preM

b(ci)postM < b(ci)pre]\/[

Hence

and?®

The post-merger offer price b for component r is lower than the pre-merger bid for any given cost
realisation ¢; < €.

This constructed example nicely illustrates how the intuitions from section 2 are preserved or
altered.

e Subject to Theorem 1 and / or to the test each merged entity does not lower the price
of its second component (s and ¢ respectively), such that the post-merger margin on the
second component equals the pre-merger margin. The price quantity trade-off unambiguously
favours to maximise price.

e For component r the optimal bid decreases because of an additional effect. The effect pushing
in the direction of a high bid is unchanged: to earn a high margin on component r when
winning. The two pre-merger effects pushing for a low bid - to win more frequently, to sell a

95The steps in the argument to obtain this bid comparison based on the comparison of the bids’ derivatives pre-
and post-merger are given in Hansen (1988), p.49.

32



higher quantity of component » when winning - are now joined by a third effect: to increase
the expected quantity sold of the second component (s and ¢ respectively). Thus Hansen’s
intuition combines with the Cournot effect to yield a post-merger price decrease. The price
decrease occurs because of incomplete information coupled with the Cournot effect. To
attribute the price reduction solely to the Cournot effect would be inaccurate: if information
on the rival’s cost (¢; and ¢; respectively) were complete there would be no post-merger price
decrease.

e Post-merger expected profits of potential suppliers rise. The equilibrium probability of win-
ning and supplying component r remains a half, bids for component r are less aggressive such
that the expected sales price falls. But lower bids for component r result form optimally ac-
counting for the increase in expected quantity sold of the second component.

FPAs need not lead to different results to section 2. Trivially, knowing the costs of competitors
is the degenerate case of incomplete information, hence one would expect the FPA to not necessarily
have an effect on Theorem 1 and the test.

This is now illustrated using an example in Maskin and Riley (2000) on asymmetric FPAs - to
which we add endogenous demand. Let there be two suppliers of component i € K, with

A~ U0,1) and ¥ ~ U2, 3]

The profit of the most efficient supplier from bidding unit price b; is, as usual using the shorthand
notation Q(P(b; + Zj;z v;)) = Q(bs),

E(m;) = Pr(win|b;) (b; — ) Q(b;)

We have Pr(winlb; < 2) = 1, m(2) = (2 — ¢)Q(2), and E(c!")) = 0.5. Maskin and Riley (2000)
show it is an equilibrium for the most efficient firm to bid a unit price of 2, while the less efficient
supplier submits a bid equal to its revealed cost.”® Letting demand be endogenous renders the
most efficient supplier (weakly) more aggressive: if its behaviour changed at all, the most efficient
firm would submit a lower bid. But by the price-maximisation Lemma 1, if at v = 2 the supplier’s
margin is below that of the downstream firm there is no benefit to lower price in exchange for a
higher quantity.

If the most efficient supplier of component ¢ merges with the supplier of some other component
j € K where supplier j also bids in a manner so as to win with certainty, then Theorem 1 and the
test apply unaltered.

Intuitively,

e with incomplete information and FPAs the Hansen effect never applies if suppliers bid
(weakly) below the point where they may lose. In such cases firms cannot win more fre-
quently by bidding lower to earn a higher quantity when they win, because the bidder always
wins such that it always trades off aggregate quantity with price, never bidding at a point
where it may fail to obtain the supply contract.

96 Following Maskin and Riley (2000): given a bid of 2 by the more efficient firm, the second-most efficient potential
supplier of component ¢ may play the strategy of bidding its realised unit cost. Given this, the most efficient supplier
finds it profitable to bid 2 than anything higher. (Thus yielding an Nash equilibrium in bidding strategies.) To see
this: the probability of winning when bidding v; € [2, 3] is 3 — v;. Thus, ignoring the endogenous demand for now,
we have m; = (3 —v;)(v; —¢;), v = BJFTQ < 2, which is strictly dominated by v} = 2.
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e Then, even with incomplete information, we are in a situation where a supplier trades-off
price with a deterministic quantity both pre-merger and post-merger, such that Theorem 1
and the test apply.

4.2 Second price auctions (descending price negotiations) with endoge-
nous quantity

Departing from section 2, it is here assumed that competing suppliers of the same component do
not know each other’s cost.?” Let’s consider the outcomes of a SPA.

Pre-merger each of the N; potential suppliers of component ¢ € K submits bid ¢;. Then the
unit price agreed upon by the downstream firm and its chosen supplier is either the direct outcome
of the SPA, or it is not. It is the direct outcome if the supplier of i offers no lower unit price
than 7;1?. Alternatively, if the chosen supplier finds it profitable to offer a lower price - because
it is unconstrained by the second-best supplier i.e. v} = min{v;‘“,vﬁm,vﬁD ,vﬁ\i} < 5,2 - the
chosen supplier can offer a lower price than the SPA outcome, which is mutually beneficial to itself
and to the downstream firm. Post-merger potential suppliers still bid their cost ¢;, with the sole
merger effect being that the unconstrained price of the merged entity is now lower than the sum
of unconstrained prices of its pre-merger entities: vyy < vi* + v;*. Theorem 1 and the test on
conditions for a post-merger price change apply unaltered.

The solution with SPAs is far simpler than with FPAs because a firm’s bid does not affect the
quantity sold. I.e. given the unit price of a winning firm is determined by someone else’s bid, there
is no link between the winning firm’s bid and quantity. Such that bids are the same as without
endogenous quantity Hansen (1988). Except if after observing the outcome of the SPA it finds
it profitable to offer a price below v?], in which case quantity is a deterministic function of the
offered price.

Thus with SPAs we can relax the assumption of complete information on the part of suppliers
and still obtain that Theorem 1 and the test hold. One can interpret the SPA as rounds of
negotiations, where the OEM negotiates with potential suppliers, who can repeatedly bid down

the offered price.

4.3 Nash-in-Nash Bargaining with endogenous quantity

Departing from section 2, it is here assumed the downstream firm knows the costs of upstream
firms. And that it bargains with each of its suppliers over the unit input price. Specifically, the
Nash-in-Nash bargaining solution is used here.”® This bargaining solution is well-suited to deal
with monopolist suppliers of essential components, see for example Schmidt (2014) and Spulber
(2017). Thus the following will consider the case where the downstream firm requires K essential
components, each supplied by a monopolist.

97We retain the assumption that the downstream firm does not know the costs of its upstream suppliers, and
retain the assumption that upstream monopolist suppliers - to the extent there are any - know the costs of suppliers
of other components.

98Harsanyi (1963) extended Nash bilateral bargaining solution (Nash, 1950) to the (n + 1)-player case, where a
buyer faces n sellers of perfect complements. The Shapley value (see Shapley, 1952) with perfect complements yields
the same solution as Nash-in-Nash bargaining (as with perfect complements all essential suppliers are required for
a coalition to have a non-zero value), except that the Shapley value effectively imposes equal bargaining powers.
Collard-Wexler, Gowrisankaran, and Lee (2019) provide non-cooperative micro-foundations for the Nash-in-Nash
solution.
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In this setting - absent anticompetitive practices - a merger of suppliers of complements always
leads to lower prices: it benefits consumers, Theorem 1 and the test do not apply. However for
large K such a merger is - precisely due to the upstream price decrease - strictly unprofitable.
Such that such a merger may not occur. For small K and highly convex demand a merger of
complements can be profitable with bargaining.

The intuition for the merger-related price decrease goes as follows. In the bargaining solution
each essential upstream supplier earns one K™ of the total upstream profit. Twice this share, %,
exceeds the share ﬁ the merged entity would receive. Thus an upstream merger destroys value
upstream.”?

With endogenous quantity there is an additional effect: the bargaining solution takes into
account that lower input prices increase the size of the “pie”, s.t. ceteris paribus with endogenous
quantity suppliers obtain lower input prices (for a given bargaining power). For low K and highly
convex demand this effect can lead to a sufficiently large increase in quantity for the merger to be
profitable.

To see this algebraically: when the downstream firm bargains with supplier ¢ € K the Nash-
in-Nash bargaining solution yields unit price (where 8 € (0,1) denotes the OEM’s bargaining
power)

v =argmax wl-l_ﬂﬂ’% (13)
Vi
K
= argmax [vi - cz} e [P* —c— Z vj] ﬁQ(P*)

Vi

j=1
where P* is as usual a function of input prices, including v;. The FOC yields
1— I(P*)q-1
mmgﬁ:41—ﬁﬂﬂ(,p)— Q'( w
margin, Q(P*)
P 1-—
margin} = — Q) p in equilibrium, plugging in (1)

Q(P*)p+p(1—p)

The higher the pass-through rate and the steeper the demand function (at the optimal consumer

price), the lower the upstream margin. The same holds for the level of the downstream firm’s
bargaining power. From supplier i’s equilibrium margin one can see that not treating P as fixed -
rather than p = 0 - yields lower margins upstream!'®?: the Nash-in-Nash bargaining solution with
endogenous quantity accounts for the increase in the size of the “pie” as a result of lower input
prices.

Digressing briefly: section 2 showed a monopoly supplier of an essential component earns a
larger margin than the downstream firm, this is no longer the case here. Comparing the upstream
and downstream equilibrium margins yields margin} > margin}, if ﬁlﬁ—p) > 1, hence if

1-28
1-p

99The result bears some semblance to the unprofitability of Cournot mergers, where for K > 3 a merger between
two firms is strictly unprofitable. On this, see Salant, Switzer, and Reynolds (1983) and Belleflamme and Peitz
(2015), p.374-6. For a broader discussion of Cournot merger results, see for example Motta (2004), p.243-50. See
Horn and Wolinsky (1988) for a setting where two upstream suppliers bargain with downstream firms.
_1-B

100For comparison, when P is treated as fixed margin} = TmarginD.

p <
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For the Laplace and Exponential distributions of consumers’ willingness-to-pay p = 1 (see Table
1), hence the downstream firm’s margin exceeds any upstream margin, whatever 3.

A merged entity M consisting of suppliers of components a,b € K obtains unit price post
merger

1-8 B
v}, = argmax [UM—ca—cb] {P—c— Z v; —UM} Q(P)
UM j#a,b

The FOC is identical to (13), the sole difference being that post-merger there are K — 1 upstream
players rather than K.

To illustrate the intuitions, I use the log concave demand function @ = (1 — P)7 (which can be
highly convex or highly concave). Using (13) to obtain equilibrium profits the merger is strictly
profitable when!'?!

7TZ'(K— ].) > 27TZ(K)
(- (—c—3 c:) {mw) le—3 7 o F > 9(=B)A—e=3 c)) [y(y4p) 1—e=32i e F
(BE=D-B)++6 | A+ (K- 718 KI=p)t7+6 [ 7+l KO-p)+7+h

o [M] i
(K-=1)(1-B)+~v+B

-

> 2

For small K, low 3, and highly convex demand the merger can be profitable. Equal bargaining
powers (8 = 0.5) suffices to render the merger unprofitable, as does large K - as shown in the table
below.

Table 3: Merger profitability with bargaining, @ = (1 — P)”

K 10 10 10 3 3

B 0.5 0.5 0.01 0.5 0.1

vy 1 10 10 100 4
m(K—-1)—-2m(K) —-08<0 —-06<0 —-02<0 —-04<0 0.03>0

The possibility that the merger be profitable may seem surprising in light of the price maximi-
sation lemma (which stated that whenever the sum of the merging parties’ margins is lower than
the merged entity, the merged entity seeks to maximise price, as any lower price is strictly unprof-
itable). However Lemma 1 does not apply with bargaining because pre- and post-merger suppliers
do not set prices, such that suppliers are never at their chosen optimal price. Consequently the
comparison of pre-merger upstream and downstream margins is less insightful with bargaining.
Not only does the shape of the demand function play a role in the margin relationship, but with
bargaining the level of the bargaining power - which may be unknown in practice'? - also does.

101When P and thus Q are treated as fixed a merger of two suppliers is never profitable: with fixed quantity a
merger does not even lead some benefit in the form of an increase in quantity, it solely leads to lower input prices.

7r.L-(K— <27Ti(K)

)
& 2l -BP-c-YKe) <20-HP-c-XKe)
P 0 <(K-2)1-p8)+8

102The level of the bargaining power is taken to be exogenous here. For empirical studies investigating determi-

nants of the level of the bargaining power, see for example Haucap et al. (2013). Crawford et al. (2018) focus on
merger effects and conduct an empirical study where, among others, the level of the bargaining parameters are
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To summarise: when prices are determined via bargaining a merger between suppliers always
leads to a decrease in input prices, which decreases the downstream price and is beneficial to
consumers. Even when the sum of pre-merger margins of the merging suppliers is smaller than the
downstream firm’s margin. Thus this contradicts Theorem 1 and the test. However when prices
are determined via bargaining, equal bargaining powers or a relatively small K suffices to render
a merger strictly unprofitable, thus effectively the test may not be applied to such a merger case,
as - absent anticompetitive practices - such a merger would not occur as it diminishes upstream
profits. Prices decrease despite suppliers finding it unprofitable. Thus the driving force is not the
Cournot effect, rather it is that post-merger the downstream firm needs to give up a lower share
of the (larger) pie to its reduced number of suppliers.

Finally, when the downstream firm bargains with an upstream supplier of a component but
has an alternative supplier of that same component (i.e. one or more upstream firms are no longer
monopolists), the equilibrium price still reflects that a lower price increases quantity. I.e. while
the algebra becomes significantly more cumbersome with several suppliers of a given component,
the same effects play out.

5 Conclusion

Standard intuition on Cournot effects; guidelines from Antitrust authorities; as well as many
models in the literature suggest mergers of complements can benefit not only the merging parties,
but also other suppliers, the downstream OEM, and consumers. Such that when a merger of
complements case is reviewed by competition authorities any potential negative effect of the merger
ought to be weighed against at least the positive effect from internalising Cournot externalities.
This complicates the work of competition authorities: potential damage from any theory of harm
needs to be weighed against the possible benefit of the merger. The net effect may be difficult to
ascertain, it may be ambiguous.

Instead this paper has provided a straightforward way to test whether the internalisation of
Cournot effects will materialise and benefit consumers post-merger. When the test shows the
effects can be dismissed, any possible negative effects need not be weighed against those positive
effects, as those positive effects from the merger simply do not exist. Antitrust authorities, which
typically have a good understanding of the three relevant unit dollar margins of the two merging
parties and of the OEM, can use the test to inform merger review decisions.

When Cournot effects do not materialise, a different effect must render the merger strictly
profitable. If Antitrust authorities conclude that an anticompetitive practice expected to harm
consumers drives the merger’s profitability, then the overall net merger effect is unambiguous harm
to consumers. Which provides the Antitrust authority grounds to act, via remedies or blocking
the merger.

Regarding the specific case application of section 3, pre-merger licensing is profitable: it allows
the technology owner to capture benefits from the rival’s presence. If the merger between the
technology owner and the incumbent in component B is strictly profitable, post-merger the merged
entity refuses to license in order to reduce or eliminate competition from potential entrants or

also empirically estimated. Rubinstein (1982) offers a well-known theoretical explanation of the level of bargaining
powers. (Some issues with this well-known model are discussed in Ponsati and Sakovics (1998).) Whatever the
value of the parameter, experimental evidence suggests it is neither 1 nor 0 and instead strictly in (0,1) (see e.g.
Giith, Schmittberger, and Schwarze (1982) and Giith (1995)).
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innovators who threaten the profits of the incumbent supplier. This can results in an increase in
the consumer product price: consumer surplus can drop. Innovation by the merged entity increases
in section 3 because the merged entity captures more of the social gains from innovation. Hence it
is not surprising that when the merger is profitable, the OEM’s profits and consumer surplus can
sharply drop as consumers share less in the gains of innovation.

Note: if Theorem 1 indicates that Cournot effects do materialise this implies that - absent
anticompetitive behaviour - the merger would benefit consumers. However accounting for anti-
competitive behaviour may still result in the merger being harmful overall. Thus the results from
section 2 cannot provide a free pass to a merger.

Further helpful work would include empirical studies that compare margins of manufacturers
(downstream firms) and of their suppliers (upstream firms), for different industries. Further helpful
work would also encompass empirical studies on the extent to which Bertrand competition among
suppliers is a good way to characterise competitive interactions, or whether instead FPAs, SPAs,
bargaining, or other price formation processes better characterise the price formation process for

given manufacturers, or given industries.

A Appendix to section 2

A.1 Distributions and their pass-through rates

The pass-through rate is
1

P= e
QP

x represents an individual consumer’s willingness-to-pay for the consumer good, F(z) and f(x)
denote, respectively, the cdf and pdf of consumers’ willingness-to-pay. Then we have

Q(P) =1—F(
Q'(P)=-f(P)
Q"(P) = —f'(P)

P)

In the remainder of this section let x = P. Finally, to determine the sign of p’ it helps to note that

si n{@} =si n{@} =si n{@a—P} =si n{@}
SMac? 1 ~ MM ~ MM apac s T MM ap
For the log concavity of the distributions considered below, see Bagnoli and Bergstrom (2005).

I now derive the pass-through rate p as well as sign{p}.
The uniform distribution has support [0, 1] with cdf F(z) = z. Hence

QP) = l1-=z
QP = -1
Q"(P) = 0
= = :
and p/ = 0
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The Gaussian distribution has support (—oo, +00) with no closed form cdf. We can use the

bounds on the Gaussian cdf for Q(P), and the pdf \/%e_é for Q'(P).

z2 _ 22

Q(P) € [P%;q\/%e_Ta %\/%6 7]
2

Q(pP) = —\/%e’%
Q"(P) = Ple
Q(P) = (1= P e

We can then obtain @& () ¢ [Pfj_l,l] such that

2
p € izl

We can determine the sign of p’ by determining the sign of the derivative of %%;gp).

') —sign{ PP IQP) ]
- i L) @O 2o,
Qwr QP a Py
1 Q" (P)Q'(P) Q”(P)
= sien{Q"(P) + == ~ 2y )

Using the lower bound!®® on Q(P) to verify whether the RHS > 0 yields:

2 1 22

*‘T—(P2+1)m \/ﬂ

1
RHS = (1 — P?
=PI
=0
Therefore
P> 0

for the Gaussian distribution.
The Laplace distribution has support (—oo, +00) with cdf F(z) =1 — e~ for z > 0. Hence

ap) = e
QP) = —ze*
@) = e
= p = 1
and p = 0

The exponential distribution has support (0, 00) with cdf F(z) = 1 — e~**. Hence

QP = e
QP) = e
Q”(P) — /\26—)\z
= P = 1
and p = 0
1031 use the bounds \/T L2+1exp{— } <1-F(z) < F zexp{— } for x > 0, from the textbook Pishro-Nik

(2014), direct link: https://www.probabilitycourse.com/chapter4/4_2_3_normal.php.

39



The logistic distribution has support (—o0, 4+00) with cdf F(z) = 1-%% Hence
Q(P) = T
QP = e
QP) = —m
= P = 1+l*m
and p/ > 0

The power function distribution has support (0, 1] with cdf . With g > 1

Qp) = 1ot

Q(P) = —Ba=D

Q'(P) = -B(B-1)zF2
= ) = L

4+ 3+(1-%) 5
and p > 0

The inverse of the power function’s reliability is log concave!%* with cdf Q(P) = (1—z)?. With
B > 0 and support [0, 1]

QP) = (1-2)”
Q) = —Bl-z)#D
Q"(P) = B(B—-1(A—2)F2
= = at
and p’ = 0

The extreme value distribution has support (—oo, +00) with cdf e ¢ . With 3> 1

—x

QP = L-e
Q) = e
Q'(P) = (e —1)eme "

-1

and p > 0

where p was plotted graphically to determine that p’ > 0.
The Weibull distribution has support [0, 00) with cdf 1 —e~*" for > 0. With ¢ > 1

QP) = e
QP) = —cPe e "
Q"(P) = [cP®— (c—1)]cP*2e "
= P = Pt
and p/ > Oife>1,else0

With the form of the Weibull distribution given above, the Rayleigh distribution is a Weibull
distribution with ¢ = 2.

1041 Q(P) = B1In (1 — ), such that (In Q(P))” = *(l_ﬁw <0. Q(P)Q"(P)—Q'(P)2 = —B(1—xz)A~2) <0 for
B> 0. A third equivalent way to confirm this is indeed a log concave distribution is to note that p € (0, 1].
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A.2 Further permissible distributions

For the test and Theorem 1 to hold p’ > 0 is not necessary (it is not necessary for the de-
mand function to induce non-increasing pass-through). The test holds for any strictly decreasing

and weakly log concave demand function which induces a unique maximum upstream. (With
827{';"
ov?

< 0.) Theorem 1 requires, in addition, that the demand function induces increasing

. *U
p x margin, for v; < v;*.

Vi ="

First let’s show p x margin] is weakly increasing for any weakly log concave function:

L QP
p - margin;y = — o) using (4)
O(p - margin?) _ Q"(P)  Q'(P)°
T o e awe?
O (P\2 _ P
- [Q(PF ~ Q' (P)QP gz 0

There exist log concave demand functions with p’ < 0 which meet those weaker requirements.
The limit case of log concave functions is one example: Q(P) = —In P (or any affine transformation
thereof )10 yields p = m,

Let’s show the demand function Q(P) = —In(P) for 0 < P < 1 yields a unique equilibrium
upstream. From section 2.2 we have the second order condition

with p’ < 0, but still yields a unique upstream maximum.

oAy p o
d =[2Q'(P)? — Q(P)Q" (P —-QP)=<0
2Q(P)* = QUP)Q" (Pl ~ AP)E
Plugging in Q(P) = —In(P), Q'(P) = -3, Q"(P) = 3z, p = ﬁv = *%m and
simplifying yields

2 *u
avi V=0

o 1 PinP

o2 ly=o:e P (2+InP)?

Whilst the second derivative can be positive for P > 0 it is always negative for P > P*(0) =
e~ 1.19 Thus Q(P) = —In P is a log concave demand function with decreasing pass-through which
nonetheless satisfies the requirements for Theorem 1 and the test to hold.

Furthermore, while Bagnoli and Bergstrom (2005) conclude the power function for 5 € (0, 1)
has a mixed reliability this is unproblematic for the present paper: the power function for 5 € (0, 1)
is log concave on the relevant price range P > P*(C = 0).'°7 While p’ < 0 for 8 € (0,1), this
demand function also induces a unique maximum upstream.

Let’s show that the power demand function 1 — P? for 8 € (0,1) induces a unique upstream
equilibrium. From section 2.2 we have the second order condition

Il =R PR Pl - aP) <o

6@? vi=v;" Q/(P) P
1053ee Lemma 3 of Bagnoli and Bergstrom (2005) on affine transformations of log concave functions.
106 This can be verified graphically by plotting —% — % one ! <P<I1.

107The log concavity condition Q”(P)Q(P) < Q'(P)? yields 1 — v < P?, which only holds for some P € [0,1] -
hence the mixed reliability. The minimum optimal price a firm would set is P*(C = 0). Maximising profit PQ(P)
yields P*Y = ﬁ This exceeds 1 —+, such that the optimal price is always in the log concave range of the demand
curve, i.e. where the pass-through rate is inferior to 100%.
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Plugging in Q(P) = 1 — P%, Q'(P) = —fPP~1, Q"(P) = —B(B - 1)PP~2, p = —H%Hll_%)i,
o' = (B—1)P78~1p? and simplifying yields

02

sign{ av§

1
where the right hand side is negative for all P > P*(0) = (ﬁ) ? - this has been verified with
Mathematica, the right hand side is also depicted as the surface below the green z = 0 plane in

vizv;u} - _Sign{(Hﬂ)Pﬁ =B - A mri—a —ﬁ)}

the graph below.

0.8
P (for P > P*(0))

10

Therefore the power function for 8 € (0,1) is another log concave demand function with
decreasing pass-through which nonetheless satisfies the requirements for Theorem 1 and the test

to hold.

A.3 Differed workings

Differed workings from section 2.1.
The below shows that non-decreasing pass-through guarantees that consumer demand is weakly

log concave in an upstream supplier’s unit input price.

0Q Qo
8vi B a_P 8vi

0%Q  0%*Q /OP*\2 0Q 0*P*
o2 = op2 ( Ov; ) 8_P8_vf

2 2
= QAL (99) )@ (P) x 2+ QP (P) - Q' (P)? x 47

oz o,

<o) LTE <)@ ) - QPP x

where the latter term simplifies to Q(P)Q’(P) %QUI; , which is < 0.108

108 Lemma 2 on p.6 of Bagnoli and Bergstrom (2005) cannot be used here as the Lemma needs t(z) in g(t(z)) to
be concave, whereas in the present paper t(x) = P(Zfil v;) is weakly convex.
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Differed workings from section 2.2.
The below shows that the K upstream suppliers of complementary components do not play a
submodular game (their unit prices are not strategic substitutes). From (4):

0%m; _0QoP 0%Q 1OP\2 0Q 9*P
5oy~ apa0 4~ |gp (5r) * 55 au7)
= Q(P) x p+ (vi — i) [Q"(P) x p* + Q'(P) x ¢

/ P)2
< ! o 2Q ( s
< pQ(P)+ (i = )| gy + A Q(P)]
The latter term equals
Q'(P)d <0 for v; <]
g 7Y
e P .
P QP) oo + (vi —ci)p'Q'(P){ <0 for v; = v}
not determined, can be >0 for v; > v}
A.4 Proofs

Proof of Proposition 1.
Proof. This follows from the text. O
Proof of Lemma 1.

Proof. If margin} x p < marginy,, then by (2) v} # v;*. Then by (3) v} = min{c?],cm}: the
highest possible price under which the downstream firm purchases from supplier ¢ rather than not
to purchase from supplier 1.

If profit-maximisation is equivalent to price maximisation, then the supplier is not at a point

*U

** is determined by a trade-off between

where it trades off price versus aggregate quantity. v
price and aggregate quantity, thus if profit-maximisation is equivalent to price maximisation v} #
vi*. Then, by (3), v} = min{cm cpiy < v Given p/ > 0, vf < v}* implies margin} x p <

) )

marging,. O
Proof of Corollary 1.

Proof. p <1 for any log concave demand, hence the corollary directly follows from Lemma 1. [
Proof of Lemma 2.

Proof. Suppose the opposite: suppose a supplier can increase its price to v; > v; = argmax,, (v; —
¢i)Q(P(32;v;)) and the equilibrium input cost cp + ZJK:Z v to the downstream firm weakly
decreases - such that quantity rises (recall: p > 0, Q'(P) < 0). Then the supplier finds its own
price increase strictly profitable. A contradiction, given v} was optimal, and m; has a unique

maximuin. O

Proof of Lemma 3.
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Proof. Treat v} as a parameter, such that prices of other components are now functions of v;. For
shorthand, write C' = cp + vf + E;;Z v;(v}). Then

dmargin, dP* dC*
dv} dv} a divj
_op*dCc*  dC*
=90 A~ dot

Y5 v;<v:>)

*k
dv}

:(p—l)(1+
<0

where the last step follows from (6) and Lemma 2, %jj% € (—1,0]. O

Proof of Theorem 1.

Proof. The proof shows that p x »,_, margin; < margin}, implies the merged entity’s uncon-
strained price is greater than ), min{c?], ¢pi}, from which it follows that the merged entity’s
price does not change post-merger.

If p x Z(’Uz* — ¢;) < margin},

ieM
Z vf = Z min{c?], ¢pi} by Lemma 1
ieM ieM
We know margin}, < marginj?®*" by (9), and
marging’os'f = (vif — Z ¢i) X Ppost by (8), and
ieM
0
P >0 is given in the setting
(‘)vi
= from the above Z vl < vy
ieM
= vy > Z min{cgz],cm}
ieM
= v = Z min{c?],cm} by (7)
ieM
= vy = Z vr
ieM

Proving the other direction: we know vi} < > v}* from the Cournot effect (double marginalisa-
tion). If there is no price change post-merger, then it must be that vy} > > .\, min{c?],cm}.

Hence > vi* > > o, min{c?],cm}. Therefore pre-merger p x ), ,, margin; < marginy,. O
Proof of Corollary 2.

Proof. p € (0,1], hence this follows directly from Theorem 1. (Trivially: without change in the
upstream price, there is no change in the downstream price.) O

Proof of Corollary 3.
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Proof. Given (7), the first sentence follows from the definition: synergies not being passed on
is equivalent to the statement vyf(car) > > icns min{c?],cm}. Sentences 2 and 3 then follow
trivially. O

B Appendix to section 3

B.1 Merger effects with bargaining, and a fixed consumer price

In section 3 the OEM is assumed to have incomplete information about its suppliers’ costs. Depart-
ing from section 3 it is here assumed that the OEM has complete information about its suppliers’
costs, and that it bargains with them over input prices. Let the OEM have bargaining power
1 — B, where S5 € (0,1) is the bargaining power of any supplier.

Section 3 features a downward-sloping demand. In this appendix, to keep bargaining solutions
tractable and useful for the present purpose I will treat the consumer price - and therefore also the
quantity Q(P) - as fixed in a given negotiation between the OEM and a supplier. One may or may
not find complete information with a fixed consumer price credible, in any case the comparison
to the incomplete information case shines more light on the forces driving results in the model of
section 3, and shows which effects emerge with bargaining.

Pre-merger situation

Let’s begin with component B: pre-merger, when the potential entrant BE does not innovate
the OEM and the incumbent supplier of component B maximise the generalised Nash product
[Mp(ve) — p(ep)] P npr(ve)Ps. They agree to

vp =¢p — (1 — fs)[eB — (cBz — iBT)]

The above shows there is hold-up in investment. If the potential entrant is successful, the OEM
and the entrant maximise the generalised Nash product [[Ip(vg) — Hp(csr —inz)]* P mae (vp)?:.
They agree to

vp = Bs(cBz — iBT)
Given these price outcomes, the incumbent supplier and the possible innovator choose their
investment levels to maximise their respective profits
Hpz = (1 - iBE) Bs[@ - (CBI - iBI)] Q - kBI(iBI)
e = iBe Bs(czr —ipz) @ — kpe(ipe)
Maximising yields
-5k _ -1 - —
{ZBI =kgr [(1 —ige)BsQ] € (0,2p)
ipe = ke [Bs(cor —ipr)Q] € (0,1)

Regarding component A: the technology owner does not find it profitable to sell directly to the
OEM, instead it licenses out its technology at unit royalty r = €1 — ca to symmetric and thus
price-taking potential suppliers of component A, thereby it earns profit r@Q. Licensing functions as
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delegation. The OEM pays unit price v4 = ¢4. The chosen supplier of component A has unit cost
ca +r, it earns zero profit.*%?

Let’s briefly compare the above solutions with those from section 3. For component A the
pre-merger situation with complete information is the same as when the OEM has incomplete
information. Delegation yields the same profit, and here also works to circumvent the bargaining
process. For component B the investment best response functions shift in due to less-than full
bargaining power. For a given level of investment by the potential entrant, the incumbent invests
less. Because it now shares the surplus generated by its investment with the OEM, obtaining
a share B, of the cost decrease, rather than retaining all surplus. Similarly, for a given level of
investment by the incumbent, the possible entrant invests less. Again because it now shares the
surplus generated by its investment with the OEM.

Post-merger situation & merger effects, outcomes with full foreclosure

We now consider the scenario where the merged entity refuses to license the technology for compo-
nent A and engages in pure bundling of components A and B, and where this leads to full foreclosure
of the potential entrant in component B. The condition for full foreclosure is the same as in the
main model: post-merger the possible entrant is fully foreclosed if c 47 + ¢z —}3((0) < €x - if the
unit production cost of its component “bundled” with that of a third party supplier of component
A is more expensive than the unit production cost of the merged entity’s bundle.

With pure bundling and full foreclosure the merged entity obtains unit price vpyndgre, Which
maximises the Nash product [Ip(vpundie) — Up(€a + €8)]* P 7 a1 (Vbundie)?s. The bundle price
reflects the share of the surplus obtained by the supplier in each of components A and B separately:

Ubundle =CA — (1 - 68)(@ - C.AT)
+ep — (1= Bs)leB — (eBz — im))]

The merged entity thus loses revenue in component market A because it no longer licenses. The
unit profit Bs(¢a — car) from component A is smaller than the pre-merger royalty r = ¢1 — ca
for two reasons. The merged entity no longer benefits from a third party which is more efficient
than itself, in addition post-merger it gives up a part of the unit surplus in the bargaining process.
The decrease in the price of component A is unambiguously beneficial to the OEM and consumers.
(This differs from the incomplete information case in section 3, where the price of component A
remained unchanged with full foreclosure post-merger, because in section 3 suppliers acted as price
setters.) The profit from component B increases: while the OEM obtains a share of the added
investment i}, > iz due to hold-up, the merged entity no longer loses out to the (now fully
foreclosed) potential entrant.

The merger is strictly profitable, with refusal to license and pure bundling if (recall the consumer
price and thus total quantity are fixed in this appendix setting):

Ubundle — CAT — (cBz —im) > 17+ (1 —ipe)Bs[CB — (cBz — iB1))]
Bs[€a —car +¢B — (B —im)] > Ca —ca + (1 —ige)Bs[cp — (cBz — iB7))

igeBs[c — (e —iB1)] + Bslim —iBz] > €4 — ca — Bs(Ca — caT)

109 As mentioned previously, one could easily model third party suppliers of component A to earn a positive expected
profit pre-merger.
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As can be seen from the last line above, the merger is profitable if the gain in component B
outweighs the loss in component A from refusing to license the technology.
The sum of unit prices for components A and B increases post-merger if!'°

Ubundie > €A + (1 —ige) ¢ — (1 — Bs)[cB — (cBz — Z'BI)]} +iBe {Bs(CBI —iB1)
& ipe|Bsce + (1 —208s)(cBz — isz)} > (1= fs)(ca —car +im —iBz)

The intuition as to why we have the term 23, above rather than just (3, is that a lower cost of
the incumbent benefits the OEM in two cases: when the incumbent sells - as the OEM obtains a
share of the surplus - and when the entrant sells - as the price is determined relative to the OEM’s
outside option of purchasing from the incumbent.

When the OEM has complete information and bargains with suppliers, with pure bundling
and full foreclosure the price of components A and B can of course rise post-merger. Such a rise
harms consumers. However it is also possible for the price of the components to decrease even if
the merger is profitable. In this case the merged entity, the OEM, and consumers benefit from
the merger, while the potential entrant loses out. That both the merged entity and the OEM can
be better off post-merger can be explained as follows: even when the expected post-merger price
of component B decreases, the merged entity obtains a greater share of the pie as it no longer
shares it with the potential entrant. Benefits to consumers are less likely when the supplier has
high bargaining power: if its bargaining power is high the merged entity reaps most of the gain

from the elimination of competition.

1.2 LN 1.2
5517 and kpe(ige) = 5ipe

Table 4: Numeric examples, with kpz(i) =
Variables | Ex.1 | Bx. 2 | Ex. 3

A 0.66 0.66 0.66
CAT 0.3 0.3 0.3
ca 0.29 0.29 0.29
7] 1.8 3 3
CBT 0.75 0.75 0.4
o 0.8 0.8 0.2
Bs 0.5 0.5 0.75
Exp. A in +0.3% | +9.8% | +18%
AT & BT profit
Exp. A in 2% +5% +14%
input prices v4 + vp

To summarise, the main effect of using complete information with bargaining as the price
formation mechanism is that the OEM obtains a share of the cost-advantage of the most efficient
relative to the second-most efficient firm. This explains why prices for components A and B

10T he critical bargaining power of suppliers, above which prices increase post-merger, is given by:

€A —cAT +im — iz — iBe(cBT — iBT)

Bs > — - 4 —— :
* T Ca—car +im —ipz +iseles — 2(caz — iBT)]

(where optimal investment levels are functions of fs).
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under full foreclosure are lower with complete information - the OEM can obtain lower prices than
v4 + v = Ca + ¢g when bargaining. With bargaining the OEM also benefits from cost-reducing
investment of its suppliers, there is investment hold-up. With incomplete information the innovator
retains all the cost advantage as information rent: we did not have such hold-up with incomplete
information in section 3. On this, see Loertscher and Marx (2019). Finally, when suppliers set
prices full foreclosure creates unambiguous consumer harm (section 3), while with bargaining this
need not be the case.

B.2 Differed Proof

Proof of Proposition 5.
Proof. Points 1.-3. from the Proposition follow from the text. Point 4 is shown below. O

Point 4 is proven with examples. Let demand be fixed at Q = 1. Let the investment cost
functions be kpz(inz) = Li%; and kge(ipe) = 3 Aije, with A > ¢z > 1. (Recall that the merged
entity has the same investment cost function as BZ.) The table below shows three numerical
examples. Example 1 shows a case where the expected price decreases (even with fully rigid
demand). Examples 2 and 3 show cases where the expected price increases.

Table 5: Numeric examples, with quadratic investment costs and fixed demand

Variables Effect on Ex.1 | Ex. 2 | Ex. 3
price change

[y increases price A 1.5 1.5 1.6

CAT decreases price A 14 14 1.3

ca none (affects only 1.39 1.39 1.29

profit pre-merger

B increases price A 2.75 10 10

CBT decreases price A 2 2 1.9

A increases price A 2.1 2.1 2.2
Exp. A in 1% | +78% | +86%

AT & BT profit
Exp. A in 2% | +14% | +34%
input prices v4 + vp

For reference, the algebraic workings are shown below. Given the specifications the optimal
investment levels are

—1
e = C’;{ — € (0,1) and iy = 1~ ije
—1—Tlea—
i = LT ¢ (00) and i = 1 - i

To see why these are € (0, 1), recall that the condition for partial rather than for full foreclosure

is ¢z —im > CA — CAT-
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The expected price post-merger is larger than pre-merger when
(1 — i) (Tx +T8) + i car + cuz — i) > T + (1 — i) B + ifye (cz — ifs7)
Plugging in the equilibrium investment values and simplifying, the price increases post-merger if
A — 2z +2+¢a —car] —c3 >0 (14)
Otherwise the expected post-merger price decreases. Therefore

e The price change increases with the entrant’s marginal cost of investment in innovation (while
a greater marginal cost A leads to a smaller merger-related reduction in investment, a greater
marginal cost of investment lowers the entrant’s investment and implies that there is a higher
expectation of the post-merger price being high rather than low);

e The price change increases with the cost of third party producers of component B (post-
merger the price is more often at this level than pre-merger); and decreases with the incum-
bent’s cost (pre-merger the price of component B is more often determined by the incumbent’s
cost than post-merger, such that a high incumbent cost leads to a higher pre-merger cost
and thus a smaller price change).

e The price change increases with the cost advantage of the technology owner over third party
producers of component A (because a greater cost advantage leads the merged entity to invest
more and therefore leads the potential entrant to invest less in equilibrium).

Plugging the optimal investment values into the merger profitability condition and rearranging
yields

CAT —CA

Mcg —2cpz + 244 —car] —C5 > ()\—1)2
CA — CAT

-(A=1)

Using (14): if the above RHS > 0 (which occurs if A > CAZCA ) the expected price always increases.

cAT—CA

If the above RHS < 0, the expected price may decrease.

B.3 Equilibrium investment levels

This section shows there exist equilibrium investment levels pre- and post-merger. It also shows
there is a unique pre-merger equilibrium, whilst there may be up to three investment level equilibria
post-merger.

Pre-merger potential suppliers of component B have equilibrium investment levels given by the
simultaneous equations

{%kﬁmimm®] € [0,25)
ige = k;f;gl [(cz — iB7)Q(cr — ipz)] € [0,1)

Let’s first turn to the incumbent. We have kpz(0) = ki7(0) = 0, kpz() is strictly convex:
leI > 0 and kgz > 0. It has further been assumed that k3 is > 0 or < 0 throughout, such that
k;ﬂ is convex, linear, or concave. If k;ﬂ is linear, then k;{zl is linear. If k;ﬂ is concave (convex),
then k,/g_zl is convex (concave). This is shown graphically below.
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kpz(iz)

o 1BT

CBT +

s — (1 —ipe)Q(cB)

The effect of ige on (1 —ige)Q(Cp) is linear. We can then conclude that if k:/B}l is linear, the

effect of ige on ipz is linear. And that if kls}l is concave (convex) then the effect of an increase

in ipe on igz is increasing (decreasing) in absolute magnitude. The graph below depicts possible

best response functions of the incumbent.

Let’s now turn to the possible entrant. We have kgg(0) = kge(0) = 0, and kpg() is strictly

convex. With kge() > 0, such that k;:B_gl is linear or concave. The best response function as a

function of (cpr — igz)Q(cnr — inz) is shown graphically below.

ige = ke ((cs7 — i57)Q(csz — i87))

csrQ(cs1)

* (e — iB1)Q(cBT — iBT)

The workings below show that the absolute effect on (cgz — igz)Q(csz — igz) of an increase

in ig7 is increasing in absolute magnitude, such that the best response of the potential entrant in

component B is concave in the incumbent’s investment level izz. To do this, the workings below
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2
pa

show that %(631 —ipr)Q(csr —inz) < 0.

0 . . . . 0
%(CBI —ipr)Q(csr —inr) = —Q(csr —inz) + (BT — iBT) 82‘221

02 . . oQ . 9%Q
@(CBI — ZBI)Q(CBI - ZBI) = _QaiBI + (CBI — ZBI)@

The first derivative above is strictly negative, by the price-maximisation Lemma 1. We want to

pe . . 9Q _ 8Q 9P o : _ :
show that @(CBI —ipz)Q(csz — inz) < 0. We have Bier = 9D dug piss With vp = cpz — iz,

2
such that 8‘331 = —% f?vljz . Using the chain rule we find g;i = g;@ (gj; ) + %gig . Plugging
this back into the second derivative yields
0? oP OP \2 0?pP
o ) =20V o[ 3+ )
92 (cpz —inz)Q(csT — iB7) = 2Q'( )8113 + (cBz —ipz) |Q"(P) Dom +Q( )(%%

Let r = %, such that we can express the pass-through rate ;}—}; as ﬁ r < 1 by the log
concavity of demand. We also have cgz — igz = Pmargin},, with 8 € (0,1) as per (11). By the

. . 2
assumption on the demand function ‘?%I; > (0. Hence we have

, B 2
ot (euz ~ er)Qless —inr) = QPG + Gewr —inn)Q (P
oo A—r(2+8)
SQP) g5z <0

Therefore we indeed have that the best response i5.(igz) is strictly concave. This is shown in the
left graph below. The middle graph below superposes the various i57(igs) and ij¢(igz) we have
depicted (for different third derivatives of the cost function), the right graph below superimposes
one best response function of each firm. There exists a unique pre-merger equilibrium. kgz(0) =
ki7(0) = 0 and kpg(0) = kpe(0) = 0 imply the unique equilibrium is an interior one.

iBe

1 1

‘ BT
i*BI CBT

Post-merger the best response function of the potential entrant moves inwards. We have
igg(ipz) < ige(inz) for iz € (0,cp7 — (€a — ca7)) as the entrant needs to make up its bundling
partner’s relative inefficiency. Hence the new best response function has a lower y-axis intercept.
The new intercept on the x-axis is now at ¢gzr — (¢4 — c47) rather than cgz. Such that, compared
to the pre-merger case, a lower investment level by the incumbent would suffice to make the entrant
invest zero.

Post-merger there can exist either a unique equilibrium with partial foreclosure. Or a unique
equilibrium with full foreclosure. Or three equilibria, two of which with partial foreclosure (of
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which only one is stable) and one with full foreclosure. This is, respectively, depicted in the graphs
below. (Each dot depicts a Nash equilibrium. The dashed lines represent the potential entrant’s
pre-merger investment best response function.)

N
e

N

e T

. k7Y
IM e

An equilibrium with full foreclosure is, by definition, one where ig¢(i}3,) = 0 and i},(0) > c¢pz —
(¢a — ca7). Any other equilibrium is one with partial foreclosure.
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