A simple model of mergers and innovation∗
Giulio Federico,† Gregor Langus‡ and Tommaso Valletti§
May 29, 2017

Abstract
We analyze the impact of a merger on firms’ incentives to innovate. We
show that the merging parties always decrease their innovation efforts
post-merger while the outsiders to the merger respond by increasing
their effort. A merger tends to reduce overall innovation. Consumers
are always worse off after a merger. Our model calls into question the
applicability of the “inverted-U” relationship between innovation and
competition to a merger setting.
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Introduction

Innovation is a critical determinant of long-run growth and welfare. Competition policy should therefore seek to prevent mergers that reduce innovation
while allowing those with a positive impact on innovation, through the appropriate use of merger control.
Despite its policy relevance, the theoretical link between mergers and innovation has not been studied extensively in the economic literature. Several
papers consider the relationship between some measure of competition and
innovation (e.g., Aghion et al. (2001), Aghion et al. (2005), Vives (2008),
Lopez and Vives (2016)), sometimes finding an “inverted-U” relationship.
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These papers, however, do not explicitly consider the case of horizontal mergers. Similarly, earlier work on stochastic patent races (e.g., as surveyed by
Reinganum (1989)) considers the relationship between the number of competitors and the rate of innovation, but does not actually model the impact
of a merger between competing innovators.1 Therefore, policy implications
for merger control are difficult to draw from this work.
This paper examines the impact of a merger on innovation by focusing
on some of the basic underlying principles. A merger between competitors
affects the incentives to innovate through two channels (absent efficiencies).
The first channel relates to the (negative) externality that innovation by one
firm has on its rival firms (see, e.g., Farrell and Shapiro (2010)). A merger
allows the merging parties to partially internalize this innovation externality
and thus it lowers the incentives to innovate for the merged firm. The second
channel relates to product market competition. This is relaxed after the
merger so that profits both when firms do not innovate, and when they do,
increase. This effect is potentially ambiguous (as it has been recognized in
the literature, e.g., Gilbert (2006) and Baker (2007)), and might in principle
offset the first channel. This paper sets up a highly stylized model of a
merger in an industry where innovation plays a key role, incorporating the
two main channels for merger–induced innovation effects. It then provides
some insight on the likely net effect of a merger on innovation (and consumer
welfare). The model considers the case of stochastic product innovation (as
opposed to process innovation, which has been more extensively considered
in the literature; see, e.g., Vives (2008) and Lopez and Vives (2016)).
In the model, absent innovation firms do not make any profits. This implies that innovation does not cannibalize any pre-existing profits and that
the product market competition channel described above can only act to
promote innovation. This is a conservative feature of the model in terms of
its predictions about the likely impact of a merger on innovation incentives
(from the perspective of merger control). As there are no merger-induced
efficiencies in the model, the effects on innovation incentives are based entirely on changes in competition between the merging parties. The paper is
related to ongoing work based on a richer set of models, with explicit demand
specifications (Federico et al. (2017)). The more general model enables us
to take into account the impact of a merger on pre–innovation profits, and
hence provides a more complete assessment of the effects of a merger on the
incentives to innovate.
1
This point is also made by Shapiro (2012). A notable recent exception is a model
of Motta and Tarantino (2016), which considers the impact of a merger on deterministic
cost-reducing investment (process innovation). See also Chen and Schwartz (2013) who
discuss a merger to monopoly, but do not model competition at the innovation stage.

2

2

The model

We consider a two-stage game played by n > 2 symmetric firms. Before the
merger, each firm has a single research lab. In the first stage, firms exert
some costly effort in their labs C(wi ), with C(0) = 0, C 0 > 0, C 00 > 0,
C 0 (0) = 0 and limwi →1 C 0 (wi ) = ∞. The effort level determines the probability wi ∈ [0, 1) that the lab will successfully innovate – discover a new
(homogenous) product. Probabilities of discovery are i.i.d. across labs and
there can be 2n discovery outcomes – each outcome representing a different
profile of successes in the discovery stage. In the second stage firms observe
the outcomes of the first stage and receive payoffs. To simplify our analysis,
we assign payoffs to the outcomes as follows. If a firm did not discover the
product, it gets a zero payoff. If only one firm was successful, it gets a prize
normalized to 1. If two competing firms successfully discovered the product,
each gets a prize worth δ  1. If three or more competing firms successfully
introduce the product, we assume that competition upon the commercialization of the discovery is so strong that all firms get a zero payoff. Note that
δ = 0 corresponds to a standard homogeneous good Bertrand case, whereas
firms can get δ > 0 to the extent they can coordinate their pricing (and coordination is not effective when 3 or more firms successfully innovate). Unless
stated explicitly, our analytical proofs are all conducted for very small values
of δ. We then demonstrate some of our results numerically for higher values
of δ.

2.1

Pre-merger

We solve the game backwards. In the last stage, payoffs are dictated by the
number of successful innovators, as described above. Take a situation where
all firms j 6= i behave in the same way. In the first stage firm i solves
max Πi = wi [(1 − wj )n−1 · 1 + (n − 1)wj (1 − wj )n−2 · δ] − C(wi ),
wi

(1)

Eq. (1) says that firm i gets the full prize if it is the only inventor (hence no
firm j 6= i is successful), while it gets a fraction δ if exactly one rival is successful in discovery (there are n − 1 such combinations). The corresponding
FOC is
(1 − wj )n−1 + (n − 1)wj (1 − wj )n−2 δ = C 0 (wi ),
and the SOC is always satisfied. A symmetric equilibrium with wi = wj = w∗
is characterized by
(1 − w∗ )n−2 [1 − w∗ + (n − 1)δw∗ ] = C 0 (w∗ ).
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(2)

As the RHS in (2) is strictly increasing from 0 to ∞ and the LHS is
strictly decreasing from a finite value to 0 in w∗ (at least for small values
of δ), a solution to the previous equation exists and is unique. Also note
that w∗ increases as δ increases. In particular, for later use, we calculate by
totally differentiating (2)
∂w∗
∂δ

2.2

=
δ=0

(n − 1)w∗
> 0.
n − 1 + (1 − w∗ )2−n C 00 (w∗ )

(3)

Merger

Assume w.l.o.g. that two firms, firm 1 and 2, merge their research labs and
form a new firm that we denote as M . Because of decreasing returns to
effort, firm M will still put effort in both labs, and will set w1 = w2 = wM .
In the first stage, when all firms j 6= M behave in the same way, the merged
firm maximizes
max ΠM = [1−(1−wM )2 ][(1−wj )n−2 +(n−2)wj (1−wj )n−3 δ]−2C(wM ). (4)
wM

Eq. (4) highlights the price coordination effect for the merging parties. If firm
M is the only successful innovator—one or both of its labs are the only ones
that successfully discovered—it will get the whole prize. It gets δ in case only
one rival successfully makes the same discovery (even if firm M has been successful with both labs). In other words, whenever the two labs are successful
in discovery, firm M perfectly coordinates its price decisions between its two
(identical) products.This is also equivalent to the assumption—reasonable
in this setting, given homogenous products—that only one of two successful
discoveries of the product is commercialized by the same firm. The FOC
w.r.t. wM is
(1 − wM )(1 − wj )n−3 [1 − wj + (n − 2)δwj ] = C 0 (wM ).

(5)

We thus establish our first result.
Proposition 1 The merged firm decreases effort in each lab compared to the
situation pre-merger for all δ > 0.
Proof. Note that we can concentrate on the probability of success, as
this is monotonically related to effort via the cost function. We evaluate
(5) at the pre-merger equilibrium given by (2). If wM = wj = w∗ , then (5)
reduces to −δw∗ (1 − w∗ )n−2 < 0 for all δ > 0. Hence wM < w∗ .
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What about the firms outside the merger? For firm i 6= M , the expression
of the profit is now (again, we consider when all firm j 6= M, i behave in the
same way)

max Πi = wi (1 − wM )2 (1 − wj )n−3 + [1 − (1 − wM )2 ](1 − wj )n−3 δ +
wi

+(n − 3)wj (1 − wM )2 (1 − wj )n−4 δ − C(wi ).
The corresponding FOC is
(1−wj )n−4 [(1−wM )2 (1−wj )+wM (2−wM )(1−wj )δ+(n−3)wj (1−wM )2 δ] = C 0 (wi ).
In equilibrium, all firms j 6= M, i will behave symmetrically as firm i. Let
us define
F OCi ≡ (1 − wi )n−4 (1 − wM )[(1 − wM )(1 − wi )+
+ 2wM (1 − wi )δ + (n − 3)wi (1 − wM )δ] − C 0 (wi ) = 0. (6)
We now calculate the reaction function from the total differential
∂F OCi
∂F OCi
dwi +
dwM = 0.
∂wi
∂wM
In particular, around δ = 0 (when wi = wM = w∗ )2 we obtain
∂wi
∂wM

=−
δ=0

2
< 0.
n − 3 + (1 − w∗ )2−n C 00 (w∗ )

Efforts are strategic substitutes. While the merger decreases efforts of the
insiders, it increases efforts of the outsiders. In principle, the effect on total
effort could be indeterminate. Although total effort as such is not a proper
welfare measure in our setting, as what matters is how effort is distributed
across the various discovery outcomes, it is still of some interest to look at the
impact of the merger on the effort spent by firms overall.3 Our next result
shows that the result from the insiders always prevails in a concentrated
industry, while the opposite holds true in a fragmented industry, for δ close
to zero.4
2

This follows immediately as, at δ = 0, before the merger, the symmetric equilibrium
is characterized by (2), (1 − w∗ )n−1 = C 0 (w∗ ). After the merger, (5) and (6) simplify
respectively to (1 − wM )(1 − wj )n−2 = C 0 (wM ) and (1 − wi )n−3 (1 − wM )2 = C 0 (wi ). By
simple inspection it can be verified that wi = wM = w∗ .
3
We consider the more canonical measure of consumer welfare which is used in merger
reviews further below.
4
We derive an additional result of interest. We analyze the impact that the merger
has on one particular “bad” state, notably when there is no innovation at all in the whole
industry. It turns out that this impact follows the same behavior as total effort. This is
intuitive as probabilities are i.i.d. The result is proven formally in the Annex.

5

Proposition 2 Total industry effort decreases after the merger iff n is low
enough.
Proof. The proof relies on the fact that efforts are invariant to the merger
for δ = 0. Then we study the effect of a small increase in δ on total effort
pre- and post-merger. Pre-merger, total effort is Ef fpre = nC(w∗ ). From
(2) we obtain
∂Ef fpre
∂δ

= nC 0 (w∗ )
δ=0

∂w∗
∂δ

=
δ=0

n(n − 1)w∗ C 0 (w∗ )
.
n − 1 + (1 − w∗ )2−n C 00 (w∗ )

∗
). We
Similarly, total effort post-merger is Ef fpost = (n − 2)C(wi∗ ) + 2C(wM
apply Cramer’s rule to the system of FOCs given by (5) and (6), and we
calculate

∂Ef fpost
∂δ

= (n − 2)C 0 (wi∗ )
δ=0

∂wi∗
∂δ

∗
∂wM
=
∂δ δ=0
1
∗ 0
∗
(n + 1−w
∗ )(n − 2)w C (w )
=
.
n − 1 + (1 − w∗ )2−n C 00 (w∗ )

∗
+ 2C 0 (wM
)
δ=0

1
∗
< 2, we need to study
As (n + 1−w
∗ )(n − 2) < n(n − 1) if and only if nw
∗
∗
the behavior of nw , where w is implicitly defined by (1 − w∗ )n−1 = C 0 (w∗ ),
∗
with ∂w
< 0. The function nw∗ is increasing without bounds in n. It starts
∂n
from a minimum when n = 2, where, as w∗ < 1, it must be nw∗ < 2.
Hence there must be a threshold value of n, denoted as n
b > 2, such that
∂Ef fpost
∂Ef fpre
<
iff n < n
b. Note that n
b can be made arbitrarily
∂δ
∂δ
δ=0

δ=0

large with a sufficiently high marginal cost C 0 (w∗ ). Hence Ef fpost < Ef fpre
for small increases in δ iff n < n
b.
Is the merger profitable? To answer this question, we again use the fact
that, at δ = 0, effort is invariant to the merger. Profits, however, are not
invariant, since the merger allows a price coordination effect in case both
labs are successful at innovating. Formally, evaluating (1) and (4) at δ = 0,
∗
when wM
= wi∗ = w∗ , results in
(ΠM − 2Πi )|δ=0 = w∗2 (1 − w∗ )2−n > 0.
Since profits are continuous in δ, the merger is profitable also for small
positive values of δ. We can summarize this result formally.
Proposition 3 The merger between firm 1 and firm 2 is profitable.
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We now briefly sketch an analysis of the effect of the merger on consumer surplus. Let us denote as CSk the consumer surplus in state k, where
k = 0, 1, 2, 3+ denotes the number of firms that independently introduce
innovations into product market. It is natural to assume that CS0 = 0, as
without innovation there is no market in our model. Conditional on at least
one firm having innovated, price competition is weakest when k = 1, and
toughest when there are 3 or more successful firms (k = 3+). Thus it is also
natural to posit CS1 < CS2 < CS3+ .
In the Annex, we show that, on top of the differences arising from changes
in innovation efforts, the impact for consumers is due to the classic price
coordination effect of the merging parties. Conditional on being successful
with both labs, the merged entity shifts consumer surplus towards a “worse”
state, e.g., from CS2 to CS1 (when both its labs are successful, and no one
else is), or from CS3+ to CS2 (when both its labs are successful, and only
one of its rivals also is). In particular, in the Annex we show that, as δ
approaches zero
CSpost − CSpre = w∗2 (1 − w∗ )n−2 (CS1 − CS2 )+
+ (n − 2)w∗3 (1 − w∗ )n−3 (CS3+ − CS2 ) < 0. (7)
The expression shows how a merger harms consumer welfare even when,
for δ = 0, it has no effect on innovation effort.5 If owned independently,
whenever the two labs are successful in discovery, they produce competing
products – this is not the case after the merger as firm M will fully internalize
its pricing decisions in product market competition. We stress that, after a
merger, there is always a discontinuous change in the probability of bad states
for consumers because of this effect. It affects only states 1, 2, 3+, while it
does not impact state 0. The probability of state 0 is affected only by efforts
(efforts clearly affect also the probabilities of other states). As the efforts do
no change locally around δ = 0, the impact of the merger through effort will
always be second-order compared to the main discrete jump coming from
(7). Hence the negative effect on the merger extends for sure to small but
positive values of δ. We summarize below our findings for small values of δ.
Proposition 4 Consumers are worse off after the merger.
We note that, from a total welfare perspective, the merger always creates
an inefficiency in the allocation of effort, as starting from an (efficient) symmetric distribution of efforts among firms, the merger provides asymmetric
incentives to exert effort between insiders and outsiders.
5

In our setting, for δ = 0, product market competition between two independent innovators is as intense as competition between three or more innovators, so that there we
have additionally that CS2 = CS3+ .
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We conclude our analysis by showing, in Figures 1 and 2, numerical results
for the effect of the merger on effort and on consumer surplus for higher values
of δ up to the highest possible value of 1/2 (the figures are drawn for premerger n = 5 and n = 10). The figures confirm in particular all the analytical
findings obtained in Proposition 1 and 4 around δ = 0.6
Δ
0.1

0.4

0.5

δ

n=10

Outside lab (n=5)

0.1

0.2

0.3

0.4

0.5

δ

-0.02

Outside lab (n=10)
Merged firm's lab (n=10)

-0.03

-0.005
Merged firm's lab (n=5)

-0.04

Figure 1: Difference (∆) between post
and pre-merger effort

3

0.3

-0.01

Δ
0.005

-0.010

0.2

Figure 2: Difference (∆) between post
and pre-merger CS

Conclusions

We revisited the question of innovation and mergers. We used a very simple
ad hoc model, yet rich enough to give some interesting results. We showed
that the inverted-U relationship between innovation and some measure of
competition does not have an immediate counterpart in a merger setting, at
least insofar as the innovation output of the merged firm is concerned. We
find that a merger reduces the incentives to innovate for the merging parties,
absent efficiencies or spillover effects that would reduce appropriability ex
post. The main driver is a standard unilateral effect: prior to a merger, firms
compete in innovation to drive customers away from rivals; after a merger,
this cannibalization effect is internalized and innovation competition becomes
muted. Of course, this is not the only effect, as the merging parties can also
increase profitability ex post by coordinating their prices, which may give rise
6

For the plots we assume C(wi ) = − log(1 − wi2 ) that satisfies the assumptions of the
model. We obtain consumer surplus CS1 , CS2 and CS3+ by further assuming a linear
demand for a homogenous good, in particular
√ q(p) = 2−p, and zero marginal costs. Prices
in states k = 1, 2, 3+ are p1 = 1, p2 = 1 − 1 − 2δ and p3+ √
= 0 so that profits per firm are
indeed 1, δ and 0. Correspondingly CS1 = 12 , CS2 = 1 + 1 − 2δ − δ and CS3+ = 2. In
this example, the threshold value of Proposition 2 would be n
b = 30. The welfare analysis
with more general consumer preferences is tackled in our ongoing work (Federico et al.,
2017).
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n=5

to additional incentives to innovate ex ante. Yet, in our model the first effect
of reduced innovation competition prevails. In fact, our ongoing work suggests that the mechanism highlighted here is quite strong and holds in more
complex and realistic settings where firms compete by offering differentiated
products (Federico et al., 2017). This suggests that the internalisation of
the innovation externality remains the dominant driver of the impact of the
merger on innovation incentives. We advocate for the academic community
to pursue further this specific line of research about mergers and innovation.
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Annex

In this Annex we first show that the probability of no innovation taking place
in the industry follows the behavior of total effort described in Proposition
2. Then we provide the proof of Proposition 4.
Corollary 5 The merger increases the probability that there is no innovation
when the industry is concentrated.
Proof. Before the merger, the no innovation state happens with probability Prpre = (1 − w∗ )n . After the merger, there is no industry innovation with
∗ 2
) (1−wi∗ )n−2 . The impact of a small increase in δ,
probability Prpost = (1−wM
starting from δ = 0, before the merger is
After the merger, as at δ = 0 it is
∗
2(1 − wM
)(1 − wi∗ )n−2

(1 − w∗ )n−1 [2

∗
∂wM

∂δ

∗
∂wM

∂δ

δ=0

+ (n − 2)

δ=0
exactly ∂ Pr∂δpost

∂ Prpre
∂δ

∗
wM

=

= (1 − w∗ )n−1 [n

δ=0
wi∗ =

w∗ , it is

∂ Prpost
∂δ

∗ 2
+ (n − 2)(1 − wM
) (1 − wi∗ )n−3
∂wi∗
∂δ

∂w∗
].
∂δ δ=0

∂wi∗
∂δ

=
δ=0

δ=0
∗ n−1

]. Since at equilibrium (1 − w )

=
=

δ=0

pre
C 0 (w∗ ), it is
− ∂ Pr
= ∂Ef∂δfpost
− ∂Ef∂δfpre
. Thus
∂δ
δ=0
δ=0
δ=0
δ=0
the probability of the no innovation state follows the same behavior as total
effort.

Proof of Proposition 4. Before the merger, denoting by Pr(k) the
probability of occurrence of state k, expected consumer surplus takes the
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expression
n

CSpre =

2  
X
n
k

k

Pr(k)CSk =

n(n − 1) ∗2
w (1 − w∗ )n−2 CS2 +
2
∗
w
n(n − 1) w∗ 2
(
+ {1 − (1 − w∗ )n [1 + n
+
) ]}CS3+ .
1 − w∗
2
1 − w∗

(1 − w∗ )n CS0 + nw∗ (1 − w∗ )n−1 CS1 +

After the merger, expected consumer surplus becomes
∗ 2
) CS0 +
CSpost = (1 − wi∗ )n−2 (1 − wM
|
{z
}
p0

∗2
∗
∗
∗ 2
(1 − wi∗ )n−2 ]CS1 +
+[2wM
(1 − wM
)(1 − wi∗ )n−2 + (n − 2)wi∗ (1 − wi∗ )n−3 (1 − wM
) + wM

{z

|

}

p1

(n − 2)(n − 3)
∗2
∗ n−2
∗
∗
∗ n−3 ∗
∗ 2
∗ n−4 ∗2
+{wM
(1 − wi )
+ 2(n − 2)wM (1 − wM )(1 − wi )
wi +
(1 − wM ) (1 − wi )
wi −
2
|

{z

}

p2
∗ n−3
∗ n−2
∗
}CS2 +
+ (n − 2)w∗2
−w∗2
M (1 − wi )
M wi (1 − wi )
∗2 ∗
+ [1 − p0 − p1 − p2 − (n − 2)wM wi (1 − w∗i )n−3 ]CS3+ .

Conditional on being successful with both labs, the merged entity shifts
consumer surplus towards a “worse” state, e.g., from CS2 to CS1 (when both
its labs are successful, and no one else is, which happens with probability
∗2
(1−wi∗ )n−2 ), or from CS3+ to CS2 (when both its labs are successful, and
wM
∗2 ∗
wi (1−
only one of its rivals also is, which happens with probability (n−2)wM
∗ n−3
wi ) ). This is emphasized in bold in the equation above. When δ = 0,
∗
wM
= wi∗ = w∗ , and p0 , p1 , p2 are equal to the corresponding pre-merger
probabilities. Thus the expression for CS simplifies so that we obtain (7).
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