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a b s t r a c t

Denicolò and Polo (2018) show that the result of Federico et al. (2017), i.e., horizontal mergers reduce
R&D investments of the merged firms compared to non-cooperation, holds provided the probability of
failure in R&D is log-convex in R&D investments. We provide a different reason for innovation raising
merger. We show that if firms invest in process innovation, merger may increase R&D investments
even if the probability of failure in R&D is log-convex in R&D investments as considered in Federico
et al. (2017). We also show that merger may increase expected consumer surplus and expected welfare
compared to non-cooperation. Our results are important for antitrust policies.

© 2022 Elsevier B.V. All rights reserved.
1. Introduction

In an interesting paper, Federico et al. (2017) show that merg-
rs always reduce R&D investments of the merged firms com-
ared to non-cooperation. Denicolò and Polo (2018) show that
he result of Federico et al. (2017) holds provided the probability
f failure in innovation is log-convex in R&D investments, which
llows the merged firm to spread out its total R&D expenditure
venly across its research units. If the probability of failure in
nnovation is log-concave in R&D investments, the merged firm
ill operate one research lab, and merger may increase R&D

nvestments.
We provide a new perspective to this debate. We show that

f firms invest in process innovation, merger may increase R&D
nvestments even if the merged firm spreads out its total R&D
xpenditure evenly across its research units, as considered in
ederico et al. (2017). We also show that merger may increase
xpected consumer surplus and expected welfare.
The innovation raising merger in our analysis depends neither

n the internalisation of knowledge spillover by the merged enti-
ies and the R&D synergy created by merger (Federico et al., 2018)
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nor on demand expansion due to increased market coverage
(Bourreau and Jullien, 2018).

Using deterministic R&D, López and Vives (2019) show that
an increase in overlapping ownership, which increases collusive
behaviour, decreases investments in process innovation in the ab-
sence of knowledge spillover. We show that collusive behaviour
may increase investments in process innovation in the absence of
knowledge spillover under a stochastic R&D process.

Like Denicolò and Polo (2018), our results cast doubts on the
robustness of the ‘‘innovation theory of harm’’ that is articulated
in Federico et al. (2017) and played a major role in the European
Commission’s decision on the Dow-DuPont case and might be
used in other cases in the future. Hence, the antitrust authorities
need to be more cautious when taking decisions on mergers
based on their effects on innovation.

2. The model and the results

To get sharper results, like Denicolò and Polo (2018), we
consider a duopoly model with no knowledge spillover and no
R&D synergy in merger, as Shapiro (2012) argues that a merger
is most likely to diminish innovative activity when only two firms
pursue a specific line of research to serve a particular need in the
absence of appropriability or R&D synergy in the merger.

Consider two risk-neutral firms, firm 1 and firm 2, which
compete in the product market with horizontally differentiated

https://doi.org/10.1016/j.econlet.2022.110366
http://www.elsevier.com/locate/ecolet
http://www.elsevier.com/locate/ecolet
http://crossmark.crossref.org/dialog/?doi=10.1016/j.econlet.2022.110366&domain=pdf
mailto:arijit.mukherjee@nottingham.ac.uk
https://doi.org/10.1016/j.econlet.2022.110366


A. Mukherjee Economics Letters 213 (2022) 110366

p
c
t
t
i
p
w
W
i

m
e
d
w
t

i
A
m
t

N
c
g

M
R
t

2

e
g
p

Π

−

−

q
o
γ

c
s

roducts. Assume that the firms face the same constant marginal
ost of production, c , at the beginning. Each firm invests in R&D
o reduce its marginal cost of production to c, which is assumed
o be zero, for simplicity. The R&D process is uncertain and firm
succeeds in R&D with an unconditional probability zi where the
robability of success depends on firm i’s R&D investment, xi,
ith z ′

i (xi) > 0, z ′′

i (xi) < 0, z ′

i (0) = ∞ and z ′

i (∞) = 0 for i = 1, 2.
e assume that both firms face identical probability functions,

.e., zi (x) = zj (x) = z (x).
To avoid the effects of knowledge spillover and synergy in

erger shown in Federico et al. (2018), we consider no knowl-
dge spillover from R&D and no synergy in merger. To avoid the
emand expansion effect shown in Bourreau and Jullien (2018),
e assume that both products will always be produced irrespec-
ive of the R&D outcomes.

We consider a two-stage game. At stage 1, both firms invest
n R&D simultaneously and the outcomes of R&D are realised.
t stage 2, the firms choose their product market strategies si-
ultaneously to maximise respective profits. We solve the game

hrough backward induction.
We consider two different market scenarios.

on-cooperation: Where the firms maximise their profits by
hoosing their R&D investments and their product market strate-
ies non-cooperatively.

erger: Where the firms merge and the merged firm chooses the
&D investments and the product market strategy to maximise
he profit of the merged firm.

.1. Non-cooperation

As the firms are symmetric in nature, without any loss of gen-
rality, we look at the problem of firm i. Under non-cooperation,
iven the equilibrium profits in the product market, the expected
rofit of firm i at the R&D stage is
nc
i = z (xi) z

(
xj
)
πi (0, 0) + z (xi)

[
1 − z

(
xj
)]

πi (0, c)

+ [1 − z (xi)] z
(
xj
)
πi (c, 0)

+ [1 − z (xi)]
[
1 − z

(
xj
)]

πi (c, c) − xi

, (1)

where i, j = 1, 2 and i ̸= j. The first (second) argument in the
equilibrium profit function πi (., .) shows the marginal cost of
production of firm i (firm j).

The equilibrium R&D investment of the ith firm satisfies the
following expression:

z ′ (xi) z
(
xj
)
πi (0, 0) + z ′ (xi)

[
1 − z

(
xj
)]

πi (0, c)

z ′ (xi) z
(
xj
)
πi (c, 0)

z ′ (xi)
[
1 − z

(
xj
)]

πi (c, c) = 1.

(2)

The second order condition for maximisation is assumed to
hold. The equilibrium R&D investments, x̂nci and x̂ncj can be found
by solving the reaction functions of the firms. Symmetry of the
firms implies that the firms have the same equilibrium R&D in-
vestments, x̂nci = x̂ncj = x̂nc . We assume throughout the paper that
the probability functions are such that we have unique equilib-
rium R&D investments. We further assume that the equilibrium
probabilities lie between 0 and 1, since the corner solutions do
not add new insights to our analysis.

2.2. Merger

As success in R&D is uncertain, it is not immediate whether
it is better for the merged firm to use a single research lab or
to operate two research labs. In line with Federico et al. (2017),
2

we assume that the probability of failure in innovation is log-
convex in R&D investments and the merged firm operates both
research labs. Hence, we assume [1−z(x)] is log-convex, implying
z′′(x)[1 − z(x)] + [z′(x)]2 < 0.

Since the merged firm runs two research labs, the R&D invest-
ment in the ith lab, i, j = 1, 2, i ̸= j, i.e., xi, is determined to
maximise the following profit function of the merged firm:

Πm
= z (xi) z

(
xj
)
π (0) + z (xi)

[
1 − z

(
xj
)]

π (0)

+ [1 − z (xi)] z
(
xj
)
π (0)

+ [1 − z (xi)]
[
1 − z

(
xj
)]

π (c) −

2∑
i=1

xi

(3)

where π (0) and π (c) denote the total equilibrium profits of
the merged firm ex-post R&D under successful and unsuccessful
innovations respectively. Note that the merged firm produces
both products as a monopolist.

The equilibrium R&D investment in the ith lab satisfies the
following expression:

z ′ (xi)
[
1 − z

(
xj
)]

[π (0) − π (c)] = 1. (4)

The second order condition is satisfied with z ′′(x)[1 − z(x)] +

[z′(x)]2 < 0. Define the symmetric equilibrium R&D investment
in each lab under merger by x̂mi = x̂mj = x̂m.

2.3. Comparison of the R&D investments

If we evaluate (4) at x̂nc , we get that the LHS of (2) is greater
than, less than or equal to the LHS of (4) if

z
(
x̂nc

)
[πi (0, 0) − πi (c, 0)]

−
[
1 − z

(
x̂nc

)]
[(πi (0, c) − πi (c, c)) − (π (0) − π (c))]

≥

<
0.

(5)

If z
(
x̂nc

)
→ 1, LHS of (5) tends to [πi (0, 0) − πi (c, 0)] > 0

but if z
(
x̂nc

)
→ 0, LHS of (5) tends to [(πi (0, c) − πi (c, c))

− (π (0) − π (c))] ≥

<
0, since (πi (0, c) − πi (c, c)) > 0 and

(π (0) − π (c)) > 0, implying that the R&D investments can be
higher under merger compared to non-cooperation.

For a better understanding, we consider a specific example
with the inverse demand function for the ith firm as Pi = 1 −

i − γ qj, where i, j = 1, 2, i ̸= j, and γ ∈ [0, 1] shows the degree
f product differentiation; γ = 0 implies isolated products and
= 1 implies homogeneous products. Also assume that the firms

ompete in quantities under non-cooperation, the probability of
uccess in R&D is z(xi) =

√
xi, and c ∈ (0, 0.5), which ensures

that both firms always produce positive outputs irrespective of
the R&D outcomes.

The equilibrium R&D investments under non-cooperation and
under merger can be found as x̂nc =

4c2(2−c−γ+cγ )2(
2c2γ+(4−γ 2)

2
)2 and x̂m =

(2−c)2c2

((2−c)c+4(1+γ ))2
respectively. Plotting (x̂nc − x̂m) in Fig. 1, we find

that the shaded (white) area in Fig. 1 shows the combinations of
γ and c where x̂nc < (>)x̂m.1

In Fig. 1, merger reduces the R&D investments compared to
non-cooperation if both c and γ are high. This result can be
explained in the following way.

In our example, the R&D investments and the probability
of success in R&D under non-cooperation are small, implying
z
(
x̂nc

)
→ 0 and the sign of the LHS of (5) mainly depends on

1 Note that z ′′(x)(1 − z(x)) + (z′(x))2 < 0 for x̂m =
(2−c)2c2

((2−c)c+4(1+γ ))2
and

c ∈ (0, 0.5).
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Fig. 1. x̂nc < (>)x̂m .

(πi (0, c) − πi (c, c)) − (π (0) − π (c))].2 The difference
π (0) − π (c)) shows the merged firm’s benefit from innovation
compared to no innovation, while (πi (0, c) − πi (c, c)) shows the
inning firm’s benefit from unilateral success in R&D under non-
ooperation. The net effect depends on the relative strengths of
hese two differences.

If the cost reduction through R&D is large (i.e., c is high)
nd competition is intense (i.e., γ is high), the benefit from a
uccessful innovation is higher under non-cooperation compared
o merger, since the winning firm under non-cooperation can
teal a significantly large market share from its competitor due
o its significant cost efficiency and intense competition, while
he monopolist’s benefit from innovation is relatively less as it
ust replaces itself with a lower cost technology. Hence, higher
&D investments under non-cooperation compared to merger for
arge values of c and γ is due to the replacement effect of Arrow
(1962).

On the other hand if either c is small or γ is small, the
winning firm’s benefit from innovation under non-cooperation is
not significant as small cost reduction from innovation or mild
competition does not help the winning firm under the unilateral
success in R&D to steal significant market share from the com-
petitor. In this situation, a higher market concentration under
merger allows the merged firm to gain more from innovation
compared to non-cooperation, thus creating higher R&D invest-
ments under merger compered to non-cooperation. This is like
the Schumpeterian argument where lower competition increases
innovation (Schumpeter, 1943).

The following result follows from the above discussion.

Proposition 1. If the firms invest in process innovation, the R&D in-
vestments may be higher under merger compared to non-cooperation

2.4. The implications on consumer surplus and welfare

We use an example similar to Section 2.3 to show the impli-
cations on consumer surplus and welfare. Hence, consider Pi =

− qi − γ qj, where i, j = 1, 2, i ̸= j, z(xi) =
√
xi, quantity

competition under non-cooperation, and c ∈ (0, 0.5).

2 Although the first term in the LHS of (5), i.e., z
(
x̂nc

)
[πi (0, 0) − πi (c, 0)],

s positive, the small value of z
(
x̂nc

)
makes it small, and the second term in

the LHS of (5), i.e.,
[
1 − z

(
x̂nc

)]
[−π (0) + πi (0, c) + π (c) − π (c, c)], dominates

nd makes the LHS of (5) negative when either c or γ is low.
3

Fig. 2. (ECS(NC) − ECS(M)).

The expected equilibrium consumer surplus under
non-cooperation and under merger are respectively

ECS(NC) =
[
z
(
x̂nc

)]2 CS (0, 0)

+ 2z
(
x̂nc

) [
1 − z

(
x̂nc

)]
CS (0, c) +

[
1 − z

(
x̂nc

)]2 CS (c, c)
(6)

ECS(M) =
[
z
(
x̂m

)]2 CS (0)

+ 2z
(
x̂m

) [
1 − z

(
x̂m

)]
CS (0) +

[
1 − z

(
x̂m

)]2 CS (c) .

(7)

We plot (ECS(NC)− ECS(M)) in Fig. 2 for the example considered
here. The shaded (white) area in Fig. 2 shows that ECS(NC) < (>
)ECS(M).

Although merger makes the product market more concen-
trated compared to non-cooperation, higher R&D investments
under merger may make the expected consumer surplus higher
under merger compared to non-cooperation.

We also find that the expected profit of the merged firm is
higher than the expected total profits of the firms under non-
cooperation for our example, i.e., merger is profitable.

Since the expected total profits are higher under merger com-
pared to non-cooperation and the expected consumer surplus
can be higher under merger compared to non-cooperation, it is
immediate that the expected welfare, which is the summation
of expected total profits and expected consumer surplus, can be
higher under merger compared to non-cooperation.

The following result follows from the above discussion.

Proposition 2. Expected consumer surplus and expected welfare
can be higher under merger compared to non-cooperation.

3. Conclusion

Federico et al. (2017) show that mergers always reduce the
merged firms’ R&D investments compared to non-cooperation.
Denicolò and Polo (2018) show that the result of Federico et al.
(2017) does not hold and merger may increase innovation if the
probability of failure in R&D is not log-convex in R&D invest-
ments.

We provide a different reason for innovation raising merger.
We show that merger may increase R&D investments if the firms
invest in process innovation, even if the probability of failure in
R&D is log-convex in R&D investments as considered in Federico
et al. (2017). We also show that merger may increase expected
consumer surplus and expected welfare. Thus, our results cast
doubts on the robustness of the ‘‘innovation theory of harm’’.
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