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1 Introduction

Innovation often involves large R&D investments. A well-known example is the phar-
maceutical industry where blockbuster drugs can require high upfront R&D expenses.!
Similarly, automobile producers have invested £341 billion within five years on R&D in
electric vehicles.? Even industry giants rarely attempt to take on such demanding tasks
on their own. In the last few years, major players have agreed on research joint ventures
(RJVs). For instance, Daimler and Geely jointly develop battery-driven Smart cars. PSA
and Opel hooked up with Saft, a subsidiary of Total, to develop batteries. Together with
BP, Daimler and BMW develop charging stations. Renault, Nissan and Mitsubishi Mo-
tors agreed on investing $26 billion to develop common platforms for electric vehicles.
Further up in the value chain, suppliers of essential inputs have also joined forces.®> Not
only are the required R&D investments large, there is also significant uncertainty about
which technology the vehicles of the future will rely on. Today, most electric vehicles are
powered by lithium-ion batteries, but this technology has significant drawbacks and au-
tomotive companies are jointly exploring alternatives.* In all these partnerships, at least
some of the firms are competing or planning to compete in the product market.’

Competition policy typically treats RJVs more leniently than other forms of horizontal
cooperation. For instance, the European Union addresses RJVs either under its merger
regulation or under Article 101 of the EU treaty, depending on whether it is a full-function
joint venture or not. In the latter case, even if an RJV has been found to have anti-
competitive object or actual or potential competition-restricting effects (Article 101(1)),
it may still be justified on the basis of efficiency gains under certain conditions (Article
101(3)).5 The legal situation in the United States is similar.”

An important prerequisite for justifying a friendly approach of competition policy to-
wards RJVs is that they foster R&D. The literature focuses on knowledge spillovers as the
main justification.® Our paper analyzes a different channel through which RJVs can lead
to more innovation: When R&D costs are high (so that firms are financially constrained)
and there is significant uncertainty about the right way to generate the desired innovative
outcome, an RJV can reduce investments in duplicate R&D projects, thereby freeing up
funds that can be invested in previously unexplored approaches. To clarify under which
condition this happens, we introduce a model that combines financial constraints and un-
certainty about the right way to generate the desired innovation. Contrary to previous
theoretical literature on RJVs, firms choose how to spread investments over different R&D

IFor example, see CBO’s report “Research and Development in the Pharmaceutical Industry”, available
at https://www.cbo.gov /publication/57126.

2Sources for all RJVs mentioned in this section are listed in Appendix A.11.

3For instance, the German chemical firm BASF and the Chinese firm Shanshan jointly search for
better materials to produce cathodes for batteries.

4For example, Volvo and Daimler are collaborating on fuel-cell driven cars, while Ford and BMW
have jointly invested in a startup developing solid-state batteries.

5While we will focus on such horizontal RJVs, purely vertical collaborations are common as well. For
instance, Panasonic engages in a joint venture with Toyota to develop batteries; Volkswagen and Stellantis
develop networks of charging stations with Enel and ENGIE, respectively.

6See, in particular, Commission Regulation No. 1217/2010 of 14. December 2010.

"The 19938 National Cooperative Research and Production Act specifies that horizontal cooperation in
RJVs is not per se illegal, but is to be evaluated under the “rule of reason”.

8Early examples include Katz (1986), d’Aspremont and Jacquemin (1988), Kamien, Muller, and Zang
(1992). See Section 2 for a detailed literature discussion.
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projects rather than merely how much to invest. This feature allows us to investigate
how the RJV members can benefit from reallocating scarce resources. To the best of our
knowledge, we provide the first analysis of RJVs that explicitly considers project choice.

In our benchmark model, we analyze a symmetric duopoly. The firms choose in which
set of R&D projects from a continuum of alternatives to invest. Only one of all possible
projects will lead to an innovation, resulting in a positive effect on the firm’s product
market profits. Therefore, investing in a wider range of projects increases the likelihood
of finding the right approach. Projects are identical except that some are more costly
than others. Each firm has a fixed budget, which can be used for R&D investments.® In
addition, firms can borrow externally. In line with the empirical literature (see Section 2),
we assume that firms who borrow externally have to pay a positive interest rate on the
external loans. The firm chooses its investment strategy so as to maximize expected profits.
We assume that the budget is sufficiently small that, in equilibrium, both firms borrow
positive amounts from the financial markets. Our analysis compares the outcome of this
R&D competition game with the alternative that the firms form an RJV in an otherwise
identical setting. In the latter case, the firms combine their budgets, and the RJV chooses
R&D investments to maximize joint payoffs. Firms share the research costs equally and,
if successful, both receive the innovation. After the R&D outcomes materialize, the firms
compete in the product market.

Our central results give conditions under which an RJV increases the probability of in-
novation. The intensity of product market competition is crucial. To see this, note that, in
the absence of an RJV, an innovating firm may benefit from escaping competition, moving
ahead by being the only one who has access to a superior technology. Under an RJV, it
is obviously impossible to escape competition by innovation, because firms have agreed to
share the fruits of their research efforts. Instead, a successful RJV symmetrically increases
the profits of both firms. When competition is soft (e.g., price competition with suffi-
ciently differentiated goods), so that the increase in industry profits from successful joint
innovation is large relative to the benefit from escaping competition, the RJV increases
the innovation probability. Interestingly, this result does not rely on financial constraints.
Moreover, like all our main results, it does not require spillovers, the driving force behind
innovation-enhancing research cooperation in the literature.

Next, we suppose that competition is not soft (for instance, homogeneous quantity
competition and price competition with weakly differentiated products). In this case, the
value of escaping competition is always higher than the joint profit increase from innovating
together. Thus, without financial constraints, an RJV would reduce the probability of
innovation. This is precisely where our modeling choices play a critical role, because they
allow us to identify features of RJVs that are absent in standard models. In an RJV,
the participating parties not only coordinate the decisions on how much to invest, but
also in which projects. This allows them to reduce duplication and free up resources,
which they can spend on further projects without having to access the capital market.
When an RJV frees up enough internal funding, it can potentially invest in a wider range
of projects, compared to independent firms, using just internal funding. Whether an
RJV actually makes use of this opportunity or whether it just enjoys the cost savings
from avoided duplication depends not only on the nature of competition, but also on
financial constraints: When external financing conditions are sufficiently bad, then the

9We can also interpret the budget as the internally available time of researchers or the laboratory’s
capacity, which can be expanded through (more expensive) external researchers or laboratories.

3



RJV increases the innovation probability even when competition is not soft. To repeat,
this result relies on the existence of financial constraints: Without them, the RJV would
invest in less projects than the two independent firms together.

In the situation with relatively intense competition just described, the RJV not only
increases the innovation probability, but it also reduces overall R&D spending. Thus, total
industry R&D costs and the innovation probability do not necessarily move in the same
direction. This is in stark contrast with the existing literature, which typically views an
RJV as innovation-enhancing if and only if it increases total investment cost. This feature
of our model underlines the importance of allowing for different R&D projects.

Further, under very mild assumptions, we show that any RJV that increases the prob-
ability of innovation also increases expected consumer surplus. This occurs because con-
sumers are better off if innovation is more likely, and conditional on being discovered, if it
is used by as many firms as possible.

Overall, the results just discussed show that RJVs are helpful for inducing innovation
and improving consumer welfare under a wider range of circumstances than identified by
previous literature. However, in line with existing worries in EU circles, we also found
circumstances under which RJVs are harmful to innovation.!® Thus, to evaluate the inno-
vation effects of RJVs, it is decisive to understand the incentives of firms to form an RJV.
If firms only had an incentive to form RJVs that reduce innovation, then lenient policy
towards them would be misguided. We thus ask: Will firms have incentives to engage in
RJVs for which our analysis has shown that they enhance innovation? Or will they rather
engage in RJVs that reduce innovation? We find general and widely applicable conditions
under which firms benefit from forming RJVs that increase the innovation probability. In
particular, this will always be true unless competition is very intense. However, we also
find circumstances under which firms engage in RJVs even though they reduce overall in-
novation — the cost savings in these cases suffice to make the RJVs profitable, thus giving
at least some foundations to the above-mentioned concerns.

Next, we compare RJVs and mergers. Which of the two forms of cooperation is more
conducive to innovation depends on the nature of product market cooperation and the
stringency of financial constraints. This result relates to a recent discussion in merger
control that has emphasized R&D effects, asking whether (potentially) beneficial effects
of mergers on innovation provide a justification for waving them through in spite of their
well-known mark-up increasing effects. We identify a wide range of parameters for which
even mergers that lead to a higher innovation probability than R&D competition should
be prohibited, as an RJV would have the same social benefits without the social costs of
eliminating competition.*!

Moreover, we explore the link between our analysis and the more familiar rationale for
RJVs that relies on knowledge spillovers. We find that knowledge spillovers and financial
constraints are complements: Financial constraints are more likely to increase the prob-
ability of innovation the stronger spillovers are, and vice versa. Finally, we analyze the
relation between licensing and RJVs. In line with previous literature, the chance to earn
licensing fees increases innovation incentives under R&D competition, so that the condi-

10See “Guidelines on the applicability of Article 101 of the Treaty on the Functioning of the European
Union to horizontal co-operation agreements.” Official Journal of the European Union (2011/C 11/01).

"'More broadly, authors such as Farrell and Shapiro (2000) have emphasized that, even if efficiency
gains outweigh the competition-softening effects of a merger, competition authorities still have to ask
whether the merger is actually necessary to achieve these gains.
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tions under which an RJV yields a higher probability of innovation than R&D competition
become more restrictive. Moreover, with licensing, if an RJV increases the probability of
innovation, it always results in lower R&D spending.

All told, our paper attempts to shed light on how the consideration of project choice
and financial constraints affects the analysis of RJVs. While we ignore important aspects
such as firm asymmetries, costs of RJV formation and governance issues, and we work
under the debatable assumption that the RJV does not induce collusive behaviour in the
product market, we are confident that our approach can be a useful input for a more
comprehensive welfare analysis.!?

Section 2 discusses our contribution in the light of existing literature. In Section 3, we
provide the benchmark duopoly model. Section 4 analyzes the innovation effects of RJVs
and identifies conditions under which they are profitable. In Section 5, we compare RJVs
and mergers. Further, we extend the analysis to the case of spillovers and to multiple
firms, and we discuss licensing. Section 6 concludes.

2 Relation to the Literature

Our paper analyzes R&D competition between duopolists who (i) select R&D projects and
(i) are financially constrained, comparing their choices with those of RJVs and merged
firms. Accordingly, we discuss the relation of our paper to existing treatments of R&D
project choice, financially constrained firms, RJVs and mergers and innovation.

Innovation project choice: Our model of R&D competition with project choice by
symmetric incumbents builds on Letina (2016). Letina, Schmutzler, and Seibel (2021)
apply that framework to study the innovation decisions of an incumbent and an entrant.
These papers neither include financial constraints, nor do they address joint ventures.
Contrary to these models, Moraga-Gonzélez, Motchenkova, and Nevrekar (2022) allow for
(two) different types of R&D, but fix the overall spending.'?

Financially constrained firms: Authors such as Hall and Lerner (2010) and Kerr
and Nanda (2015) have argued why external financing of R&D is more costly than for other
investments,'* so that internal financing plays a strong role (Czarnitzki and Hottenrott
(2011)). Several authors have found negative effects of financial constraints on R&D.'® In
line with our results, Sovinsky (2022) finds that capital-constrained firms are more likely to
join an RJV. In contrast with the empirical literature, the theoretical literature is small.®
We are not aware of any oligopoly model of project choice by financially constrained firms
(with or without RJV formation).

12See Duso, Roller, and Seldeslachts (2014) and Sovinsky (2022) for evidence suggesting that RJVs
may foster collusion. However, note that our analysis of mergers for the duopoly case can alternatively be
interpreted as an RJV with full collusion in the product market.

13Broadly related models of R&D project choice are Gilbert (2019), Bryan and Lemus (2017), Letina
and Schmutzler (2019), Bardey, Jullien, and Lozachmeur (2016) and Bavly, Heller, and Schreiber (2022).

4 Examples are the riskiness of the investments and the difficulty of providing collateral, as physical
assets are relatively less important than human capital.

15See Mohnen, Palm, Van Der Loeff, and Tiwari (2008), Savignac (2008), Mancusi and Vezzulli (2014),
Howell (2017) Krieger, Li, and Papanikolaou (2022), Caggese (2019). Czarnitzki and Hottenrott (2011)
also find that the availability of internal financing has a larger impact on R&D than on capital investment
and that basic research is more prone to financial constraints as it is riskier.

160ne exception is Fumagalli, Motta, and Tarantino (2022), who consider acquisitions of startups that
might be financially constrained.



The theory of RJVs: The existing theoretical literature on RJVs does not allow for
different R&D projects, and it focuses on spillovers rather than financial constraints. With-
out RJVs, firms invest in R&D to gain a competitive advantage (as in our model). If knowl-
edge spillovers to competitors are large, such gains are small and firms limit their R&D
investments: d’Aspremont and Jacquemin (1988) show in a two-stage Cournot duopoly
that, with high spillovers, an RJV leads to higher R&D expenditures, output and welfare
than R&D competition. With low spillovers, R&D investments and welfare are higher
under R&D competition than in an RJV.!7 As argued above, we find that, with soft com-
petition, an RJV increases the investment probability (and hence welfare) even with low
spillovers. Katz (1986) and Kamien et al. (1992) similarly show how product market com-
petition affects the comparison between R&D competition and cooperation. Like other
authors, such as Amir et al. (2019), both papers also argue that an RJV reduces waste-
ful effort duplication. However, firms can only choose the amount of R&D investment,
which is in a strictly positive relation with the R&D outcome (the size or probability of
an innovation). In our model with project choice, an RJV may increase the innovation
probability while costs fall because duplication is eliminated. This feature is particularly
relevant when there is fundamental uncertainty about the right approach to R&D.'® The
literature has also highlighted important caveats to the claim that research cooperation
is socially beneficial: RJVs foster product market collusion, which leads to dynamic in-
efficiency.!® Competition authorities who decide on such RJVs have to weigh these risks
against the potential benefits, which is difficult given realistic informational constraints
(Cassiman, 2000).

The empirics of RJVs: Empirical studies support various benefits of RJV identified
in the theoretical literature.?? Veugelers (1997) emphasize that absorptive capacity is
necessary to reap these benefits. Roller, Siebert, and Tombak (2007) show that cost-
sharing motives are important for RJV formation. Finally, Duso et al. (2014) and Sovinsky
(2022) find empirical evidence that RJVs among competitors are more prone to collusion,
which reduces welfare. Thus, authorities should scrutinize horizontal R&D cooperation.

Mergers and innovation: Several authors have studied whether incumbent mergers
increase innovation. Federico, Langus, and Valletti (2017, 2018) and Motta and Tarantino
(2021) identify negative effects in models with one-dimensional R&D effort; similarly,
Letina (2016) and Gilbert (2019) obtain negative effects on R&D diversity in models of
project choice. Denicolo and Polo (2018) find positive effects. In Bourreau, Jullien, and
Lefouili (2021), both possibilities arise, where the positive effects come from allowing for
horizontal rather than only vertical R&D innovations. In our model with project choices
of financially constrained firms who engage in purely vertical innovations, we similarly find

"For similar results with more than two firms, see Suzumura (1992). Amir, Liu, Machowska, and
Resende (2019) shows how subsidies can help to achieve the second-best social optimum.

18Tn broadly related work, Kamien and Zang (2000) allow firms to choose different research approaches,
but approaches only differ in their spillover rates, and each approach will succeed with certainty, which is
in stark contrast to our model. Other important lines of research include stochastic R&D (Choi (1993))
and absorptive capacity, whereby spillovers are increasing in own R&D (Kamien and Zang (2000)).

19See Grossman and Shapiro (1986), Martin (1996), Jacquemin (1988), Caloghirou, Ioannides, and
Vonortas (2003) and Miyagiwa (2009). Conversely, Vilasuso and Frascatore (2000) show that, if forming
RJVs is costly, firms may form less RJVs than socially optimal; similarly Falvey, Poyago-Theotoky, and
Teerasuwannajak (2013).

208ee Link (1998), Cassiman and Veugelers (2002), Becker and Dietz (2004), Aschhoff and Schmidt
(2008)



that the effects of the merger can be positive or negative. Contrary to Bourreau et al.
(2021), however, the possibility of a positive effect reflects the merged entity’s ability to
coordinate which projects to invest in and the existence of financial constraints.

3 Model

Our model of R&D with project choice builds on previous work of Letina (2016) and Letina
et al. (2021).2! However, neither of these papers deals with RJVs or budget constraints.
We assume that two ex-ante symmetric firms (i € {1,2}) can invest in R&D before they
compete in the product market. There are two possible levels of technology — current
technology, which is available to both firms, and new technology, which is only available
to the firms that innovate. To improve their technology level, firms can invest in multiple
projects 6 from the set of available projects © = [0,1). Only one of these projects is
correct, that is, leads to an innovation. Let 0 € O be the correct project. Nature chooses
which of the available projects is correct, but firms are not informed about it, hence firms
see the location of the correct project as a random variable. We assume that the location
of the correct project is uniformly distributed on ® = [0,1). For each # € [0,1), each
firm chooses whether to invest in that research project (r;(f) = 1) or not (r;(0) = 0). If
r:(f) = 1, then firm ¢ will innovate for sure and if r;(#) = 0, then firm i will not innovate.2
We restrict the firm’s choices to the set of measurable functions r : © — {0, 1}, which we
denote with R. The cost of developing a project € is given by C'(6), where we assume that
the function C' : [0,1) — R* is differentiable and strictly increasing and that C'(0) = 0

and limy_,; C(0) = oco. Therefore, the total research costs of firm i are fol r;(0)C(0)do.%

~

If a firm has chosen 7;(f) = 1 in the investment stage, it has access to an innovation
and enters the product market competition with technology state t; = I. If it has not
invested in é, it does not have access to an innovation, and its technology state is ¢; = 0.

For now, we do not explicitly model product market competition. Instead, we formulate
weak general assumptions that we show to hold in familiar models of product market
competition in Section 4.6. We assume that the product market profits of firm i are given
in reduced form by the expression 7, for j # i. If both firms innovate, then they will
compete with the new technology, and their market profits are given by m;;. Similarly, if
both firms compete with the current technology, then each of them obtains profits my,. If
a single firm innovates, it obtains profits 77y, while the other firm obtains 7y;. We will
impose the following regularity assumptions on the profit functions.

Assumption 1 (Regularity of profit functions).
(i) Profits are non-negative: m,, > 0 for all t; and t;.
(i) Innovation increases profits: wrr > mop.

(iii) Competitor innovation reduces profits: m,g > w1 fort; € {0,1}.

21 Accordingly, the model description follows those papers closely.

22In the previous version of this paper, Brunner, Letina, and Schmutzler (2022), we allow firms to
partially invest in research projects, that is, choose r;(6) € [0,1]. This richer model admits a symmetric
equilibrium. However, all economic insights remain the same as in the current version.

231f this integral does not converge, we assign the value oo to it.
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(iv) Escaping competition is more valuable than catching up:
Trg — Moo = Tir — ToJ-

Obviously, Assumptions 1(i)-(iii) are compatible with most standard oligopoly models.
Furthermore, authors such as Bagwell and Staiger (1994), Leahy and Neary (1997), Farrell
and Shapiro (2000) and Schmutzler (2013) have argued that submodularity conditions
like (iv) hold for many innovation games with standard models of price and quantity
competition unless knowledge spillovers are strong. Intuitively, a successful innovation of
the competitor reduces own equilibrium outputs and margins, which reduces the benefits
from increasing margins and outputs through own innovation.

While we will always maintain that competition is sufficiently intense that Assumption
1(iv) holds, we will distinguish between three different regimes according to the intensity
of competition.?

Definition 1 (Intensity of competition).

(i) Competition is intense if avoiding the competitor catching up is more valuable than
catching up: mrg — T > T — Mog-

(i) Competition is soft if avoiding the competitor catching up is less valuable than im-
proving together: mwrg — i < T — Too-

(11i) Competition is moderate if neither of the above cases holds, so that: w5 — mwg; >
Tro — 71 2 Trr — Too-

For cost-reducing investments, competition is typically intense in a homogeneous
Bertrand market, but also for a homogeneous Cournot market with linear demand (see
Section 4.6.1). In Section 4.6.2, we will see that all three regimes arise with differentiated
price competition, depending on the degree of substitution.

Each firm has a research budget B. If a firm spends more than B, it has to borrow
from the capital market at the interest rate p > 0, reflecting the well-known difficulties of
external financing of R&D investments (see Section 2).2> We will assume (in a way which
will be made precise in Assumption 2) that without an RJV the budget is binding and
both firms find it optimal to borrow positive amounts from the capital market.

The expected total payoff of firm ¢, given the strategy of competitor j is then

EIL;(ri, ) :/0 (1 —=r;(0)) [ri(@)mro + (1 — 7:(0))m00] dO
+ /O rj(Q) [TZ‘(Q)TF}[ + (1 — ’I"i(g))ﬂ'oj] do

- /01 ri(0)C(0)d0 — pmax {0, /01 ri(0)C(0)d0 — B} .

The first integral captures the expected payoffs when firm j does not innovate. Similarly,
the second integral represents the payoffs when firm j innovates. The third line represents
research costs, depending on whether the firm borrows from the capital market or not.
Firms choose r;(f) and r;(6) simultaneously with the goal of maximizing EII; and EII;,
respectively. We will focus on pure strategy equilibria throughout.

24Boone (2008a,b) similarly uses the relation between efficiency differences and profit differences in his
definition of intensity of competition.

25 Although our financing assumption is simple, it captures the essence of the idea that the marginal
costs of own funds, as long as they are available, are lower than the marginal costs of borrowed funds.
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4 FEffects of RJVs

4.1 Equilibrium under R&D Competition

We now characterize the equilibrium strategies under R&D competition. Given our as-
sumptions on research costs, it is intuitive that both firms will invest in projects near
0 = 0, whereas neither firm will invest in projects near §# = 1. One would thus expect
equilibrium strategies to be of the following type.

Definition 2. A double cut-off strategy profile is a profile (r;,r;) of research strategies
for which 61, € [0,1) and 0y € [01,1) exist such that

ri0) =r;(0) =1 if0 <0

Note that the definition does not specify which firm invests for 8 € (6.,6y). To find
the equilibrium cut-off values, consider the equations

(1+p)C(61) = 719 — To0
(14 p)C(02) = 711 — Tor.

6, is the most expensive project in which a firm can profitably invest using external finance,
assuming that the competitor does not invest in this project. Similarly, 65 is the most
expensive project in which a firm can profitably invest using external finance, assuming
that the competitor invests in this project. An immediate consequence of Assumption
1(iv) is that 6, < ;. The following assumption guarantees that both firms will borrow
positive amounts in any equilibrium.

Assumption 2. B < f092 C(0)do.

Next, we characterize all equilibria of this game.26

Lemma 1 (Characterization of investment strategies under competition).

(i) The research competition game has multiple equilibria. A profile of double-cut off strate-
gies (r;,r3) is an equilibrium if it satisfies (a) 0 = 0 and 0y = 6, and (b) for each

0 € (0y,6,) either:

(2

ri(0) =0 and r3(0)

ri(0) =1 and r;(0) = 0 or
1.

(2
(ii) No other pure-strategy equilibria of the research-competition game exist.

Thus, all equilibria share the double cut-off structure, which is determined by the
marginal cost of research projects and the benefit of being successful. Both firms invest
in the cheap projects 8 € [0,6y), while neither firm invests in the expensive projects
0 € (01,1]. For intermediate projects, the marginal benefits of an innovation are higher
than the marginal costs when only one firm finds the innovation, but not when both firms

260f course, for any equilibrium strategies r} and 77 there exist infinitely many equilibria which only
differ on sets of measure zero. We ignore those differences and only regard strategies as distinct if they
differ on sets of positive measure.
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Figure 1: Industry portfolio of research projects in any equilibrium.

are successful. Hence, for each 6 in the interval (6,0;), one firm invests while the other
does not invest, but the identity of the investing firm is not determined, which leads to the
multiplicity of equilibria. However, all equilibria are equivalent — in the sense that they
generate the innovation with the same probability and lead to the same market structure
in each state of the world. In any equilibrium, the overall innovation probability is 6;.
Furthermore, in any equilibrium, the probability of a duopoly with an innovation is 5, the
probability of a single firm with an innovation is 6; — 5, while the probability of a duopoly
without an innovation is 1 — ;. While not necessary for our results, we can moreover
show that in the presence of small cost asymmetries, the equilibrium where the low-cost
firm invests in all projects in [0, ¢;) while the high-cost firm invests in all projects in [0, 62)
risk-dominates any other equilibrium.?”

Note that there is duplication of research efforts in equilibrium, as all projects in the
interval [0, 6,) are duplicated. Figure 1 depicts the industry portfolio of research projects
in every equilibrium.

The symmetric setting of our model brings out clearly that the asymmetric outcome
depicted in the figure exclusively reflects equilibrium considerations rather than exogeneous
differences between firms. The value of investing in a particular project depends on the
behavior of the competitor. Investing tends to be more worthwhile if the competitor does
not invest than if he invests. In the former case, the resulting profit increase is given by
the value of escaping competition (w9 —mgg), which by Assumption 1(d) is larger than the
value of catching up (m;; — 7yr), which determines the incentives for investing in projects
that the competitor also invests in. The asymmetric investment behavior of firms for
intermediate projects directly reflects these differences in incentives.

As the difference between the value of escaping competition and the value of catching up
increases (reflecting greater intensity of competition), the area with asymmetric investment
becomes larger. An increase in the value of escaping competition increases ¢#; and thus
project variety and the probability of innovation. This tends to lead to more demand
for external funding to finance more expensive projects. Conversely, in most standard
oligopoly models, the value of catching up decreases with more intense competition, which
lowers the amount of duplication and, thus, the need for external funds. Therefore, the
overall effect of increased competition on external funding is ambiguous. Further, a higher
borrowing cost p implies a lower probability of finding the innovation and less duplication

2"We consider a difference in borrowing costs of € > 0. See Appendix A.6 for details.
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of effort since #; and 6, both decrease in p. Lastly, by Assumption 2, a marginal change
in the budget size B does not affect the equilibrium portfolio.

4.2 Optimal Project Choice of an RJV

In our model of RJVs, the firms combine their individual budgets and invest in research
together. However, the two firms still compete in the product market after the successful
project has been realized.?® Moreover, the research costs are equally shared and both
firms obtain the innovation if developed. This eliminates the possibility of an asymmetric
product market structure. The firms will compete either with or without innovation. Like
an individual firm, the RJV can borrow at the interest rate p on the external market if
the total budget 2B is insufficient. The RJV chooses the research strategy r, to maximize
the expected total payoft

EIL (r,) — 2 /0 (0711 + (1 — o(0))00] dO

_ /01 ro(0)C(0)df — pmax {/01 r,(0)C(0)dH — 2B, 0} : (1)

The optimal strategy will be of the following type.

Definition 3. A single cut-off strategy is a research strategy r, for which a 0* € [0,1)
exists such that r,(0) =1 if 0 < 0* and r,(0) =0 if 0 > 0*.

Let 67 be defined as the solution to fOGB C(0)do = 2B if fol C(6)dd > 2B and 08 = 1
otherwise. That is, a joint venture which invests in all projects in the set (0, 6%) either has
innovation costs equal to 2B or invests in all projects. Next, let 8% and 6” be the solutions
to the following equations

(7T11 - 7T00)

(7TH - 7T00)-

(1+p)C(6°) =2

") =2
Thus, 6* is the most expensive research project in which an RJV that does not borrow from
the capital market wants to invest in. Similarly, 67 < * is the most expensive research
project in which an RJV that has to borrow would choose to invest in. How 6 relates to
these two values will determine the optimal portfolio of the RJV.

Lemma 2 (Investment strategies of an RJV).
The RJV chooses a single cut-off strategy with

o if 68 < or
0 =08 if 9F € [0, 0"
ov if 68 > v

Thus, the cut-off project always lies in the interval [0”,6"]. Which of the three cases
in the lemma arises depends on the budget B, the interest rate p, on product market
profits and on the cost function. If 6% < 6, then the joint venture invests its entire

28This is the main difference to a merger, which will result in a monopolistic market in any case.
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budget 2B into research and, in addition, it borrows from the capital market in order to
finance its research activities. In contrast with a marginal change in the cost of borrowing
p, a marginal increase in the budget would not affect the investment strategy. When
6P € (67,60"), the RJV invests the entire budget, but it does not borrow. Thus, a marginal
increase in the budget would lead to an increase in investment, whereas a marginal change
in p would have no effect. Finally, when 2 > 6“, the RJV does not borrow and furthermore
only invests a portion of its budget into research. Hence, neither marginal changes in B
nor in p would change investment behavior, which is fully determined by product market
conditions.

Note that in standard oligopoly models, the expression 77 — 7y is decreasing in stan-
dard parameterizations of the intensity of competition.?? This implies that the critical
cut-off projects 67 and 6" are larger when product market competition is softer. Thus,
unless it is optimal to just invest the entire budget (9* = 67), the RJV uses more funding
when competition becomes softer. This is in line with the findings of Kamien et al. (1992)
and Goyal and Moraga-Gonzalez (2001) that softer product market competition increases
incentives to cooperate and leads to higher research efforts.

4.3 R&D Competition vs. R&D Cooperation

Next, we present our central result that deals with the effect of the RJV on the probability
that an innovation will be discovered. Define the interest threshold p and the budget
threshold B(p) as

Tro — Trr — (7TH - 7T00)
p = 2(71'[[ — 7T00)
00, for = mpo.

pip - K0

, for m;; > oo

The budget threshold depends negatively on p because 6; does. The thresholds play a
critical role for the effects of an RJV on innovation.

Proposition 1 (Comparison of R&D competition and RJV).

(i) Suppose competition is soft. Then the innovation probability is strictly larger under
the RJV than under RED competition.

(ii) Suppose competition is moderate or intense. Then:
(a) The innovation probability is strictly larger under the RJV than in any equilibrium
under competition if and only if B > B(p) and p > p.
(b) If the formation of the RJV strictly increases the innovation probability, then it
weakly decreases total RED spending.

The result reflects the subtle interplay between product market competition and fi-
nancing conditions. In a model with R&D project choice, an RJV results in efficiency
gains at the investment stage — it reduces the amount of duplication of research projects.

29For instance, this is the case in our two examples with linear Cournot competition and differentiated
price competition in Section 4.6.
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Figure 2: An example of an RJV increasing the set of developed projects.

This allows the RJV to “cast a wider net,” as the funds that were previously used to fi-
nance duplicate research projects can now be redirected to other projects. This duplication
reduction effect of the RJV makes it less costly to sustain high innovation probabilities.
However, a potential countervailing effect needs to be taken into account: Escaping com-
petition can be very valuable for each individual firm. Thus, compared with an RJV,
incentives for innovation may be higher for a firm that can fully appropriate the benefits
from innovation as the single successful innovator under R&D competition. If competition
is soft, i.e., (i) holds, then this countervailing effect has no bite, as joint profits in an RJV
are high enough that the innovation probability will be higher than under R&D compe-
tition. As we will see in Proposition 5, this result does not even require the existence of
financial constraints.

By contrast, Proposition 1(ii) deals with the case that product market competition is
moderate or intense. Then additional requirements are necessary for an RJV to increase
innovation. Together, the condition that p > p and B > B(p) guarantee that the RJV
will invest in more projects than both firms would in any equilibrium without the RJV,
even though product market competition is not soft.> The advantages of the RJV in this
setting come from the ability to avoid duplication and thereby finance a wider range of
projects internally, thus avoiding the necessity to borrow from the capital markets. This
is illustrated in Figure 2. When either B < B(p) or p < p, so that the conditions in (iia)
are not satisfied, then RJVs (weakly) decrease the innovation probability.

Result (iib) deserves particular emphasis. It is common in the innovation literature
to use the overall amount of R&D spending as a measure of the probability that an
innovation will be discovered. Usually, a policy is said to promote innovation if it leads
to more R&D spending. The result demonstrates that this approach can be misleading:
When competition is not soft and financial constraints are severe, R&D competition leads
to both higher R&D costs and a lower innovation probability than an RJV. Intuitively,
in any equilibrium under R&D competition, both firms invest more than their available
budget in R&D. Therefore, the marginal R&D project that they are willing to invest in
has to be sufficiently profitable, so that incurring the higher marginal cost of borrowed
funds is justified. However, whenever the conditions of Proposition 1(iia) are satisfied, an

30Note that there is a tension between Assumption 2 which demands that the budget is not too high
and the condition in Proposition 1(ii) that B > B(p). The Cournot example in Section 4.6 shows that
the conditions can nevertheless be satisfied together for non-degenerate parameter regions.
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RJV optimally invests weakly less than its total budget. In spite of this reduction in R&D
costs, the probability of innovation increases as the reduction in investment corresponds to
avoided duplication rather than reductions in project variety. By contrast, in case (i), we
cannot rule out that the RJV spends more on R&D than the firms under R&D competition:
While the RJV can achieve the same innovation probability as the competitive firms with
lower costs, it also faces stronger investment incentives.

Our model assumes (conservatively) that the borrowing costs p do not change if firms
form an RJV. There are several reasons why an RJV should be able to borrow at a lower
cost than an individual firm engaged in competition with a rival. For example, the fact
that the probability of discovering the innovation goes up, or that the profit variance goes
down, both suggest that an RJV should be able to borrow at a lower cost. If this were the
case, the set of parameters for which an RJV increases innovation would become larger.

4.4 Consumer Welfare

While supporting inventiveness of an industry can be a worthy goal in itself, competition
policy often emphasizes consumer surplus. As our next result shows, the two are aligned
under very mild conditions.

The model we have introduced so far does not specify the impact of innovation on
consumers at all. However, a natural intuition is that consumers benefit from innovations.
The following assumption formalizes this intuition. Denote consumer surplus resulting
from market competition when both firms have innovated with C'Sy;, when neither firm
has innovated with C'Sy, and with C'S;y when only one firm has innovated.

Assumption 3. Consumers benefit from innovation: C'S;; > CSyy and CSrr > CSyy.

When innovations are aimed at developing better products or lowering production
costs, we can expect that some of the benefits will be passed on to consumers, so that
Assumption 3 will hold. With the addition of this assumption, we can show the following
result.

Proposition 2 (Effect of RJVs on consumer surplus).
If an RJV strictly increases the innovation probability, then it also strictly increases ex-
pected consumer surplus.

Formation of an RJV affects consumer surplus in two ways: (i) it changes the probabil-
ity that the innovation is discovered and (ii) it changes the diffusion of innovation among
the competing firms. By Assumption 3, consumers benefit from both a higher innovation
probability and more diffusion of innovation. Since RJVs always facilitate the diffusion
of innovation (because whenever the RJV innovates, both firms can use the resulting in-
novation), then an RJV that increases the innovation probability clearly leads to higher
consumer surplus.

Together with Proposition 1, this result gives simple conditions for an RJV to increase
expected consumer surplus. It should be noted that these conditions are sufficient, but
not necessary — because RJVs always increase the diffusion of innovation, it is possible
for an RJV that slightly decreases the innovation probability to lead to a higher expected
consumer surplus.
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4.5 Profitability of RJVs

So far, we have analyzed how the formation of an RJV affects innovation probability and
consumer welfare. We have not yet asked whether it is in the firms’ interest to agree on an
RJV. In the following, we will deal with this issue. We ask under which conditions joint
profits are higher under an RJV than under R&D competition. If this requirement is not
fulfilled, then at least one of the firms would not consent to an RJV. By contrast, if the
RJV does increase joint profits and profits are symmetric under R&D competition, then
the RJV will result in a Pareto improvement from the perspective of the two firms.3! Even
when profits are not symmetric ex ante, an RJV that increases joint profits could always
be turned into a Pareto improvement using suitable transfers.

Then using Lemmas 1 and 2, we find that net profits with an RJV are at least as high
as under competition if and only if

20%mr +2(1 — 0") o9 — 7Y > (2)
20omir + (61 — 62) (719 + mor) + 2 (1 — 61) T — 29°°™,

where 77 and y°°™ capture total research cost (including the costs of external financing)
incurred by the RJV and a single firm under competition, respectively.?? In the following,
we will shed more light on this condition by identifying transparent (sufficient) conditions
on primitives under which it holds. Define

Tro + Tor — 2myg

U = 2(mry — 7700)
00, for 7w = myy,

for Trr > Too

and note that whenever competition is intense, ¥ > 0.
Proposition 3 (Profitable innovation-enhancing RJV).

(i) If competition is soft, any RJV strictly increases net profits (as well as the innovation
probability).

(i1) If competition is moderate, any RJV that increases the innovation probability also
increases net profits. The converse statement does not hold.

(11i) If competition is intense and an RJV strictly increases the innovation probability, it

min{0B 6“}—0; - U

increases net profits if, in addition, 506,

The distinction between the three cases reiterates the importance of the intensity of
competition. In case (i), competition is soft, so that part (i) of Proposition 1 applies — the
RJV increases innovation. According to Proposition 3, in this case, the firms’ incentives
for RJV formation are fully aligned with the goal of increasing the innovation probability.
Proposition 3(ii) shows that, in the part of the region with moderate competition where
the RJV increases the innovation probability (see Proposition 1(ii)), the RJV is incentive-
compatible. However, with moderate competition, we cannot rule out the case that firms

31 A sufficient condition for equal profits under R&D competition to emerge is that the firms coordinate
on an equilibrium where they innovate with an equal probability and where their research costs are equal.

32Using Lemma 2, #* can be expressed in terms of (#Z, #* and ), which, in turn, can be expressed
in terms of fundamentals.
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engage in RJVs even when they reduce the probability of innovation: In Proposition A.1
in the appendix, we show that this case arises close to soft competition region. In that
proposition, we provide a condition where an RJV would reduce innovation slightly, but
without major adverse effects on gross profits. The cost-reducing effect of an RJV will
then suffice to make it profitable. This result shows that the concern in the European
Union that RJVs may have an adverse effect on the probability of innovation may not be
entirely unfounded.

Finally, Part (iii) applies when competition is intense. Contrary to soft and moderate
competition, the conditions guaranteeing that an RJV increases innovation by Proposition
1 do not guarantee incentive compatibility: The additional condition in Proposition 3(iii)
limits the intensity of competition as captured by ¥.3® For instance, it does not hold
with homogeneous Bertrand competition. It also requires that the budget of the RJV is
sufficiently large.*

In most cases, the conditions in Proposition 3 also guarantee that the RJV does not
spend more than its total budget, so that, by Assumption 2, it does not increase total
expenditures. An exception arises in the subcase of (i) where the budget is sufficiently low
that 08 < 67: In this case, the RJV may spend more (6* = 6°) than the two firms would
have spent under R&D competition. Spending the same amount as before would have
reduced costs without affecting innovation and thus would have already been profitable.
The fact that the RJV chooses to spend more thus means that this is profitable, despite
the increase in R&D costs.

An immediate corollary of Propositions 2 and 3 is that an RJV increases total welfare
whenever conditions (i)—(ii7) of Proposition 3 are satisfied. The reason for this is that
such an RJV increases the innovation probability, so that, by Proposition 2, it increases
consumer welfare and by Proposition 3, it increases net profits, therefore increasing total
welfare.

4.6 Examples

In this subsection, we illustrate the general analysis with two standard oligopoly models.
For the first one, homogeneous linear Cournot competition, competition is moderate or
intense, so that Proposition 1(ii) always applies and financial constraints are necessary
for the innovation probability to be higher with an RJV than without. In the second
example, differentiated price competition, competition can be soft. When this is the case,
Proposition 1(i) applies and the RJV always increases the innovation probability. In each
case, we only sketch the analysis; more details are in Appendix A.7.

4.6.1 Cournot Competition

Suppose that two firms are choosing quantities ¢; and ¢o, with @ = ¢; + ¢2. Assuming
an interior solution, the market price is given by P(Q) = a — bQ. Each firm can produce
the good with some constant marginal cost ¢. The firms can invest in a potential process
innovation that reduces the marginal cost of production to ¢ — I for some I > 0. Denoting

33Note that W is high if the value of avoiding competition is high relative to the value of catching up.

34At the boundary between the intense and moderate competition regime, ¥ = 0. Thus, the second
condition in (iii) reduces to 62 > #; and 6% > 6, which is equivalent to the conditions B > B(p) and
p > pin (ii).

16



a = a—c, we assume for simplicity that o > I, which guarantees that innovations are non-
drastic. Calculating standard Cournot profits when firms have marginal costs ¢ or ¢ — I
yields the reduced form profits m;;, and it is straightforward to verify that they satisfy
Assumption 1. In fact, the stricter condition that competition is not soft, as required by
Proposition 1(ii), holds for all parameter values.
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Figure 3: Comparison of R&D competition and RJV in a Cournot example with inverse demand P(Q) =
a — bQ, constant marginal costs ¢, B = 0.01, p = 0.1 and C(6) = #. Axes depict cost reduction I and
a=a-—c.

Thus, after calculating p = we directly obtain:

I
2a+1°
Corollary 1. In the linear Cournot model, the innovation probability is strictly higher
with an RJV than with RED competition if and only if p > p = TIH and B > B(p).
If these conditions both hold, then the total R€SD expenditures of the RJV are lower than

those under RED competition.

When competition is moderate or intense, the RJV only improves the innovation prob-
ability if the impact of pooling of resources is significant enough (as captured by the
conditions on p and B). Importantly, Corollary 1 also identifies the role of the product
market. A larger product market (captured by higher o) and a smaller innovation size [
both increase the range of interest rates for which the RJV increases profits.

Figure 3 illustrates the result for specific parameter values. Assumption 2 and the focus
on non-drastic innovations imply that we do not consider the darkly shaded region. The
lightly shaded area depicts the parameter region for which the innovation probability is
higher with an RJV than with R&D competition. The existence of this region means that
the requirement of Assumption 2 that the budget is sufficiently small and the requirement
from Proposition 1(ii) that it is sufficiently large are consistent. Note that all RJVs that
increase the innovation probability compared to any equilibrium under R&D competition
are profitable in this case.®® In the parameter region colored in white, an RJV lowers the
innovation probability compared to any equilibrium under competition.

4.6.2 Differentiated Price Competition

The linear homogeneous Cournot model is simple to analyze, but it restricts the possible
outcomes, because competition is moderate or intense, so that Propositions 1(i) and 3(i)

35This is true because, for the given parameterization, competition is moderate. Hence, according to
Proposition 1(ii), such innovation-enhancing RJVs must satisfy the conditions that are sufficient for a
profitable RJV according to Proposition 3(ii).

17



never apply. With differentiated goods, competition can be soft (as well as moderate or
intense), so that these results become applicable. To see this, consider a standard model
of differentiated price competition with inverse demand p; =1 — ¢; — bg; for b € [0,1) and
constant marginal cost ¢ > 0 where firms can engage in cost reductions I < ¢. In the
appendix, we derive the equilibrium profits.
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Figure 4: Comparison of R&D competition and RJV in a differentiated Bertrand example with inverse
demands p; = 1 — ¢; — bg; and constant marginal costs ¢ = 0.5. Axes depict substitution parameter b and
cost reduction 1.

Figure 4 illustrates the stark contrast to the homogeneous Cournot example. We
exclude parameter areas where the innovation is drastic (in which case my; would be
negative) and/or Assumption 2 is violated (darkly shaded region). The central observation
is that the RJV increases innovation and is profitable with sufficiently weak competition
(in the large shaded grey area). This follows by applying Propositions 1(i) and 3(i). By
contrast, the parameter region where Proposition 1(ii) and 3(ii) apply is very small (only
the very small black area in the middle of the figure). Finally, note that, by Proposition
A1, it will be profitable to engage in RJVs that reduce innovation (and costs) for parameter
constellations near the left boundary of the white region.3

5 Further Results

In this section, we provide further results. We first compare the effects of RJVs with those
of mergers. Then we allow for spillovers and licensing, respectively. Finally, we consider
markets with more than two firms.

5.1 Mergers vs. RJVs

Competition policy usually views RJVs more favorably than full mergers as they allow
the participants to reap some of the efficiency benefits that might arise in R&D, without
necessarily eliminating product market competition between the firms involved.?” How-
ever, a precise comparison needs to take differences in the effects of RJVs and mergers on
innovation into account. In the following, we therefore analyze the innovation effects of a

36Close to the left boundary of the white region, condition (i) of Proposition A.1 holds. Moreover,
B < B(p), so that (ii) holds.

3TNote, however the empirical work suggesting that RJVs may foster collusion (Duso et al. (2014) and
Sovinsky (2022)).
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merger between the two firms, following the above analysis of the RJV closely. Contrary
to the RJV, the merged entity not only combines the research budget, but its constituent
parts give up competition entirely. We denote the (monopoly) profit of the merged firm
as m, , where t,, € {0, 1} indicates whether the firm has successfully innovated or not. In
line with Assumption 1(ii), we assume that innovation increases profits.

Assumption 4. 7; > 7).

The analysis for the merged firm is entirely analogous to the RJV case, except that we
have to replace 77, with 77 and mpy with 7 in the expected payoff formula (1).

Accordingly, we define critical values 6" and 67 < 6! which are analogous to 6 and
07 except that we replace 2(7; — mpp) with w7 — my. It is straightforward that the merged
firm optimally uses a single cut-off strategy like the RJV, with 8" and 67, instead of 8 and
07 (see Lemma A.6 in Appendix A.8.1). As a result, the comparison between investments
with a merger and with R&D competition (see Proposition A.3 in Appendix A.8.1) is
analogous to the comparison between the RJV and R&D competition (Proposition 1),
except that we again need to replace 2(m;; — mp9) with m; — 7y, and the interest rate
threshold thus becomes

_ Tr0 — Moo — (7T1—7T0)
m = .

T — T

The following result compares the innovation probability under a merger and under an
RJV.

Proposition 4 (Comparison of an RJV and a merger).

(i) If 2(mr; — moo) > 71 — ™o, the innovation probability under an RJV is weakly higher
than under a merger. The difference is strict, except when 68 € [0°,0%] or
2(myp —mg) =7 — Ty

(i1) If 2(mir — mpo) < mp — Wy, the innovation probability under an RJV is weakly lower
than under a merger. The difference is strict, except when 68 € [0°  6%].

A merger leads to similar efficiency gains as an RJV — in both cases duplicate projects
are eliminated, and those resources can be invested into new projects. However, the
total profit increase for the members of the RJV will generally differ from those for the
merged firm: Whereas innovation increases the joint profit of the RJV by 2(m; — mg9),
the corresponding value for the merged firm is 7y — my. The above result confirms the
intuition that the relative size of these two profit differentials determines whether an RJV
or a merged firm will be more likely to generate innovation.

However, there is a subtle effect of financial constraints: Even when the total profit
effects of innovation differ for RJVs and mergers, the investments and thus the innovation
probability are the same for non-degenerate parameter ranges. This happens when the
budgets are intermediate, that is either #% € [07,0%] in case (i) or #% € [0?,,60"] in case
(#7). In those cases, both the RJV and the merged firm invest their entire budgets, but
the marginal return of additional research projects is not sufficient to justify the cost of
borrowing from the capital market. Hence, the RJV and the merged entity each invest
exactly the total research budget 2B into R&D.
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Proposition 4 enables us to analyze whether a merger or an RJV would be better from
the consumer surplus perspective, assuming that firms would want to engage in it.*® To
this end, introduce a further weak assumption:

Assumption 5. When technology is the same, consumer surplus is higher with two active
firms than with one.

We can use this Assumption together with Assumption 3 to compare consumer surplus
with an RJV and a merger.

Corollary 2. Suppose that Assumptions 3 and 5 hold.

(i) If (a) 2(mwrr — woo) > mp — g or (b) 2(mw — Too) < wp — 7y and 08 € [0°,, 0], then the
consumer surplus is higher with an RJV than with a merger.

(ii) If 2(mrr — 7o) < w1 — wp and 08 & 0P, 0%], then the consumer surplus can be higher
or lower with a merger than with an RJV.

Part (i)(a) of Corollary 2 shows that, in case (i) of Proposition 4, the RJV unam-
biguously increases consumer surplus. The reason is that the RJV both weakly increases
the probability that the innovation will be discovered and increases competition for any
level of technology. Even in case (ii) of of Proposition 4, where the profit increase from
innovation is larger for the merger than for the RJV, the RJV unambiguously leads to
higher consumer surplus than the merger if 0% € [0 ,6%], as the innovation probability
is the same for both forms of cooperation. However, if 0% ¢ [0?, 6“], the comparison is
ambiguous: The merged firm would be more likely to discover the innovation, while the
RJV would maintain the more competitive market structure. One consequence of this
analysis is that from a consumer perspective, an RJV is preferable to a merger, except
possibly when the innovation probability would be significantly higher under a merger.
This suggests that firms should not only be required to show that a merger would have
positive innovation effects, but also that these effects would not occur with an RJV.

5.2 Spillovers

Our model differs from the previous literature on RJVs not only by its focus on finan-
cial constraints as opposed to spillovers, but also by the feature that firms can choose
between different R&D projects. To simplify the comparison with the existing literature,
we first consider a variant of our project choice model without financial constraints, but
with spillovers. Thereafter, we analyze the interaction between financial constraints and
spillovers.

5.2.1 Spillovers without financial constraints

We modify the setting of Section 3 by assuming that the firms with cost functions C'(0)
choose their investment portfolio without any budget constraint. Moreover, with R&D
competition, if a firm has invested successfully in a project and the rival has not, then
with probability o € [0, 1] the rival will obtain access to the innovation. Thus, it is now
possible that a firm obtains the innovation without investing itself.

We provide the equilibrium characterization for R&D competition in Appendix A.9.1.
As in the benchmark model, we obtain an equilibrium in double cut-off strategies. A full

38This will, for instance, be the case if Propositions 3 or A.1 apply.
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description of the equilibrium is given in Lemma A.8. The analysis with RJVs is simpler
than in the case with financial constraints. The increase in joint profit from a successful
innovation is 27w — 2my9. Hence, the RJV invests in all projects up to a cut-off value,
which is given by 6%, and it does not invest in the remaining ones. The following result
compares investments in the RJV with those under R&D competition.

Proposition 5. Consider the model with spillovers, but without financial constraints. As-
sume that wr9 > wrr. Then the innovation probability is strictly larger under the RJV than
under REID competition if and only if

T — Moo

oc>1-— .
Tro — Tr

This condition is always satisfied if competition is soft.

The proof is in Appendix A.9.1. As in the case with financial constraints, for RJVs
to generate a higher innovation probability than R&D competition, it is crucial that the
value of escaping competition is sufficiently small relative to the value of joint innovation.
A simple, but important implication of Proposition 5 needs to be emphasized: When
competition is soft, then the RHS of the inequality in Proposition 5 is negative and an
RJV increases innovation for any level of spillovers (including o = 0). When competition
is moderate or intense, the RHS is positive, but an RJV can still increase the innovation
probability if the spillovers are strong enough relative to the strength of the competition.
The exception is (homogeneous) Bertrand competition, which is so intense that m;; =
oo = 0, so that the inequality cannot be satisfied for any o € [0, 1].

5.2.2 Spillovers with financial constraints

In Appendix A.9.2, we integrate the model with spillovers just discussed into the model
with financial constraints. Large parts of the analysis follow directly from our results
in Section 4. To apply those results, one needs to define the expected payoffs 7y, of
discovering the innovation (i.e., before any spillovers happen and taking into account the
possibility of a spillover) and then observe that Assumption 1 holds with 7 replaced by
7. Then, the results of Section 4 apply after replacing realized product market profits
with expected payoffs. Adapting Assumption 2, we assume that the research budgets of
the individual firms are sufficiently small that they will borrow positive amounts in any
equilibrium. It is straightforward to show that there is an equilibrium in double cut-off
strategies under R&D competition (see Lemma A.9 in Appendix A.9.2 for details). The
comparison between R&D competition and RJV is also very similar to the case without
spillovers (see Proposition A.4 in Appendix A.9.2): When the total profit increase 27, —
2mgp from innovation is high enough, then the RJV will lead to a greater innovation
probability than R&D competition independent of financial constraints. If the total profit
increase from innovation is lower, the RJV only leads to a greater innovation probability
if both the interest rate p and the RJV budget 2B are above a threshold; in this case, the
RJV saves investment costs by avoiding duplication.

The following differences to the benchmark model are relevant for the comparison
between investments under R&D competition and under the RJV. First, RJVs uncondi-
tionally increase innovation whenever 2w, — 2wgy > 779 — mg9 — o(mwr9 — myr), which is
more likely to be satisfied when spillovers are strong (i.e., when o is high). Second, when
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that condition is not satisfied, an increase in ¢ lowers the thresholds for the budget and
the interest rate which are needed to guarantee that the RJV increases the innovation
probability. The conditions under which an RJV increases the innovation probability are
thus weaker with higher spillovers, just as they are with higher interest rates:

Proposition 6 (Benefit of RJV increases in the spillover rate). Fiz any o and p. If the
innovation probability is strictly larger under the RJV than under RED competition, then
it is also strictly larger for any o' > o and p' > p.

As in the case without spillovers, an RJV results in efficiency gains at the investment
stage by reducing duplication, and resources can be invested in a larger set of projects.
Moreover, whereas spillover effects reduce investment under competitive R&D, this is not
the case with an RJV. Thus, the positive effect of R&D cooperation on the innovation
probability must be larger with spillovers than without, reflecting the internalization of
positive spillovers by the RJV.

5.3 Licensing

Like RJVs, licensing agreements are an instrument for firms to share the fruits of innova-
tion. The literature has demonstrated the possible benefits and costs of such agreements
when R&D efforts are one-dimensional. Here, we show how the possibility of licensing in-
fluences R&D project choice in the absence of an RJV and, thereby, the effects of switching
to an RJV. In particular, we will show that even when licensing of innovations is possible,
RJVs can still lead to an increase in the innovation probability.

We thus extend our benchmark model to allow for licensing of innovations.?® We
suppose that, if only one firm has innovated successfully, it can license the innovation
to the competitor with a two-part tariff (L, n), consisting of an output-independent fixed
fee I and a variable, output-dependent part 7 (e.g., royalties).” When the unsuccessful
firm licenses the innovation, both the innovator and the licensee have the technology state
t; = I. However, the incentives of the licensee to compete vigorously are dampened by the
variable part of the licensing contract 1.4t This reduction of the intensity of competition
increases total industry profits (compared to the situation when both firms independently
innovate) by some amount A > 0.

We assume that the innovator makes a take it or leave it offer, extracting all the rents
from the licensee. In particular, the innovator sets the fixed fee L such that the unsuccessful
firm earns its outside option my; and, thus, is indifferent between accepting the contract or
not. Therefore, the innovator is willing to license the innovation if her profits with licensing,
2w + A — myy, are at least as high as her profits without, 7. Licensing always happens
if competition is soft or moderate and sometimes when it is intense.*> As in the analysis
of spillovers in Section 5.2.2; after replacing the function m;,, appropriately, the analysis
directly follows Section 4. Specifically, we define a function 7’ on {0, I'} x {0, I'}, which is

39Tn Appendix A.9.4, we describe the details of the model. Here, we sketch the main ideas.

40As will become clear later, if only simpler licensing contracts were available, our analysis would still
apply. See Shapiro (1985) for a discussion of licensing with and without royalties. Fauli-Oller and Sandonis
(2003) analyze licensing with fixed fee, royalty and two-part tariff contracts as an alternative to mergers.

“1For example, royalties increase the licensee’s marginal cost and, thus, soften competition. This leads
to asymmetric product market competition, although the firms use equal technology.

42This is related to the result of Katz and Shapiro (1985) that, in a Cournot setting, a successful
innovator will license small innovations, but not large or drastic innovations.
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identical with 7 except that it takes into account licensing payments when only one firm is
successful. The only difference between % and 7 is that 7F, = max{wy, 2777 + A —mor}.
This function captures profits as a function of technology level, but taking into account
possible gains from licensing. Using this modified profit function, we derive thresholds 6
and 0 by replacing m with 7 in the definitions of §; and 6,. Crucially, whereas 0% = 0,
6L > 6, reflecting the potential gains from licensing.

When 27, + A — 7p; < 719, the equilibrium under R&D competition is exactly the
same as in Lemma 1, because licensing never occurs in this case. When 27w + A — mp; >
710, licensing increases the innovation probability in any equilibrium to 6F > 6, as the
opportunity to license increases the incentives to explore further projects.

For the comparison with the RJV, we replace the budget threshold B(p) and the
interest threshold p with thresholds B*(p) and p* that are based on 7 rather than =,
leading to the following modification of Proposition 1.

Proposition 7 (Comparison of R&D competition with licensing and RJV).

(i) Suppose 2w + A — wor > mrg. Then:
(a) The innovation probability is strictly larger under the RJV than under competition
if and only if B > BY(p) and p > p*.
(b) If the formation of the RJV strictly increases the innovation probability, then it
weakly decreases total RED spending.

(ii) Suppose 2mr+A—mor < wrg. Then the effect of an RJV on the innovation probability
is the same as in the absence of a licensing possibility.

In case (7), firms want to license the innovation. In case (i7), they do not. Importantly,
the conditions under which the RJV leads to a higher innovation probability are more rigid
than without licensing. This is obvious in the case of soft competition, in which Proposition
1(i) states that an RJV is always preferable to R&D competition, while Proposition 7(i)
requires that B > B%(p) and p > p*. When competition is not soft, the conditions under
which an RJV increases the innovation probability are also more restrictive with licensing
than without, since BL(p) > B(p) and pX > p whenever Proposition 7(i) applies. The
difference arises because licensing increases innovation incentives under R&D competition,
so that there is less to gain from an RJV. Moreover, an RJV that increases the innovation
probability weakly decreases total R&D spending, because it invests weakly less than
the available budget while both firms invest strictly more than their budget under R&D
competition.

To put the results into perspective, we can think of ex-post licensing and RJVs as
imperfect substitutes for sharing the fruits of R&D. Nonetheless, the above results show
that even when ex-post licensing is possible, an RJV may still lead to a higher innovation
probability than R&D competition if financial constraints are sufficiently tight.

5.4 Multiple firms

We extend our model by allowing for more than two competing firms. With multiple firms,
there are many conceivable ways in which RJVs could be formed, including industry-wide
RJVs as well as several competing RJVs. We analyze two illustrative cases. First, we
consider a market with three firms that can form an industry-wide RJV. Second, we
consider the case of four firms that form two competing RJVs. The analysis is very similar
to the benchmark model with two firms. Therefore, we defer details to the Appendix A.10.
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5.4.1 Industry-wide RJV

We extend the analysis to the case of three firms, which can form one RJV. Suitably
adjusting Assumptions 1 and 2, the analysis and results are analogous to the benchmark
model with two firms. The only notable difference is that the R&D competition game now
has multiple equilibria in triple cut-off strategies characterized by the three critical values
05 < 6y < 6,.3 However, the innovation probability in any equilibrium is still given by 6,
the most expensive project in which a single firm can profitably invest relying on external
resources. The analysis of the RJV when all firms participate and the resulting comparison
between R&D competition and cooperation is qualitatively unchanged. Therefore, we find
similar results to Proposition 1: When competition is not too intense, the innovation
probability is higher in the RJV; otherwise, this conclusion requires the budget and the
external financing costs to be high enough. In the latter case, total R&D-spending in the
RJV is lower than under competition.

5.4.2 Multiple RJVs

Next, we consider the formation of multiple RJVs. We consider a market with four firms
that form two symmetric RJVs, each with two firms. Therefore, R&D cooperation does
not eliminate competition in the innovation stage entirely, but reduces the number of com-
peting agents. Hence, even with an RJV cheap projects are still duplicated. We assume
that the budget of an RJV is sufficiently large that it never borrows in equilibrium. Other-
wise, the analysis of two competing RJVs turns out to be similar to the R&D competition
regime in the baseline model. Analogously to Proposition 1, we find: When competition
is relatively soft, then the innovation probability is higher with two RJVs than with R&D
competition without additional conditions. Under relatively moderate or intense compe-
tition, cooperation on R&D increases the innovation probability only if the budget and
the interest rate are sufficiently high. In this case, total R&D-spending with two RJVs is
lower than when four firms invest individually.

6 Conclusion

This paper provides a novel theory of RJVs for financially constrained firms who can
choose the set of research projects that they will pursue. RJVs allow firms to share their
R&D budget and to coordinate their R&D investment decisions, while maintaining product
market competition.

We find that, if product market competition is sufficiently soft, the RJV will increase
the probability of an innovation even when there are no financial constraints. As product
market competition increases, a positive innovation effect of the RJV requires that the
external funding conditions are sufficiently bad and the budget of the RJV is sufficiently
large. In the latter case, the RJV reduces research costs by avoiding duplication — this
shows that the relation between R&D spending and R&D success probability need not
be positive. Moreover, any RJV that increases the innovation probability also increases
expected consumer welfare.

Importantly, the conditions under which the RJV increases the probability of a suc-
cessful innovation and the conditions under which it is profitable for the participants often

43 A1l three firms invest below 63, two between 63 and 5, one between 65 and 6;, and none above ;.
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coincide; in particular, for soft or intermediate competition, firms always want to form
RJVs if they increase the innovation probability. This increases consumer welfare under
mild conditions. Nonetheless, we also identify situations under which firms find it prof-
itable to form an innovation-reducing RJV merely because they can coordinate on reducing
R&D costs, which is in line with concerns of policy makers.

We obtain qualitatively similar results on the effects of mergers on innovation. More
interestingly, we find conditions under which a merger does not lead to a higher innova-
tion probability than an RJV. In such situations, even if the merger has pro-competitive
effects on innovation relative to the benchmark of R&D competition, the merger should be
prohibited because, contrary to the alternative of an RJV, it results in an adverse effect
on product market competition.
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A  Proofs

A.1 Proof of Lemma 1

We will first prove an intermediate result.

Lemma A.1. Any strategy r; such that fol ri(0)C(0)d0 < B is dominated.

Proof. 1f fol ri(0)C(0)dd < B, then by Assumption 2 there exists a set ©' C [0,6s) of
positive measure, such that r;(#) = 0 for all § € ©'. Consider a strategy r;, where r}(0) = 1
for all 6 € [0,0,) and r}(0) = r;(6) otherwise. We will show that EIL; (7}, r;) > EIL;(r;,7;)
for any strategy of the opponent r;.

Noting that the strategy 7 requires external financing (while ; does not), and taking
into account that r(0) = r;(0) for all § > 05 then

EIL(r}, ;) — BIL(r;,r;) =

[ 010 =00 [0~ 10 (10~ 7an) 4 400) (11 ) |t
—(1+p) /01 r(0)C(0)d6 + pB + /01 r:(0)C(6)do
zA%wwwww@ﬂu—mw»ww—ermewn—wMﬁw
—(1+4p) /01 r(6)C(0)d0 + (1 + p) /01 ri(6)C(0)df
=A%mw»ww®ﬂu—mw»wm—ermewn—wMﬁ%
~(149) [ 610) - rnCi)as

> [0 = ) [~ 5o - 1+ o]0

> 0.

The first inequality follows from the assumption that fol ri(0)C(0)dd < B, the second from
the fact that w9 — w9 > w1 — mpr and 74(6) — r;(#) > 0 and the last from the fact that
mrr — mor > (1 + p)C(0) for all 6 < 65 and 7}(0) > r;(6) on the set of positive measure
S O

Proof of (i): Take any strategy r; which corresponds to one of the equilibrium strategies
given in Lemma 1. Note that for any fixed r;, the equilibrium candidate strategy ; is
uniquely determined. Suppose (r;,r;) does not constitute an equilibrium. Then, there
exists a strategy r such that EIL(r},r;) > EIL(r;,7;). By Assumption 2, all equilibrium
candidates satisfy fol r:(0)C(0)d6 > B. Moreover, by Lemma A.1 we can focus on strategies
such that fol ri(0)C(0)dd > B is satisfied.

Denote the expected total payoff of project 6, conditional on it being correct, as
v;(0,r;,7;). Then there exists aset © C [0, 1) with positive measure such that v;(6,r},7;) >
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v;(0,7;,7;) for all 6 € ©, or more explicitly:

(L =7 (0)[ri(0) 10 + (1 — ri(0))m00] + 15 (O)[ri(O)7rr + (1 — 7(0))70s]
— (L4+p)CO)ri(0) > (1 —1;(0))[ri(0)mro + (L —1r:(6))m00]
+75(0)[ri(0)mrr + (1 = 14(0))mor] — (1 + p)C(O)r:(0). (3)

If 6 < 6, then r;(#) = 1 so this inequality simplifies to
ri(0) (i — wor — (1+ p)C(0)) > ri(0) (w1 — wor — (1+ p)C(0)) (4)

Since for 6 < 0y we have m;; — mo;r — (1 + p)C(0) > 0 and r;(f) = 1, this would imply
ri(#) > 1 which is a contradiction.

If 6 > 6, then r;(#) = 0 so inequality (3) simplifies to
ri(@)lmro — moo — (L+ p)C(0)] > ri(0)[mr0 — 70 — (1 + p)C(0)]. (5)

Since for 6 > 6, we have wryp — w99 — (1 + p)C(0) < 0 and r;(f) = 0 this would imply
ri(#) < 0 which is a contradiction.

Next, consider 6 € (s, 60;). This case only arises if 65 < 0, which immediately implies
o + mor — i — 7o > 0. If 7;(6) = 1 then, as before, inequality (3) simplifies to (4).
However, now 7 — mor — (1 + p)C(#) < 0 and, for the candidate equilibrium, r;(6) = 0.
(4) would thus require that () < 0, which is a contradiction. Similarly if ;(6) = 0 the
inequality (3) simplifies to (5), but 6 < 6y implies 779 — 790 — (1 4+ p)C(#) > 0 and, for
the candidate equilibrium, r;(#) = 1. (5) would thus require that r/(f) > 1, which is a
contradiction.

Proof of (ii): Suppose there exist two strategies, r; and r;, which constitute an equilibrium,

and a set of positive measure I C [0,1), such that r; is different from the strategies

characterized in the Lemma at all points of the set I. By Lemma A.1 we can focus on

strategies such that the budget is binding. Let Iy = I N (0,6y), I, = I N (f2,6;) and

I3 =1nN(6;,1). Note that at least one of the sets I, I, or I3 has positive measure.
Define

Fi<0,7"j) =Tro — Too — (1 + p)C(Q)

—rj(0) (710 + Tor — 1 — Tog)-

We can express v;(6,r;,7;), the expected total payoff of project #, conditional on it being
correct, as

0;i(0,ri,m5) =10, ;) + (L —1;(0))m90 + 7(0) 701

Since g + mo;r — 7 — moo > 0, T'i(0, ;) is decreasing in r;(6).

Assume first that I; has positive measure. Then r;(0) = 0 for all # € I;. Since C(0) is
strictly increasing and (1 4 p)C(62) = m;; — mor, then I';(6,7;) > 0 for any r;. Thus, the
best response of firm 7 is r;(f) = 1 for all § € I;, which is a contradiction.

Next, assume I3 has positive measure. Then r;(f) = 1 for all § € I3. But, analogously
to before, I';(6,r;) < 0 for any r;. Thus, the best response of firm ¢ is r;(f) = 0. A
contradiction.
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Finally, assume I, has positive measure, which implies that r;(8) = r;(6) for all 6 € I.
Suppose first that r;(#) = 0 on a set of positive measure 5 C I. Observe that I';(6,r;) > 0
for all @ € I}. Since this is an equilibrium, it must be that r;(§) = 1 for all 6 € ;. A
contradiction. Next, suppose that 7;(#) = 1 on a set of positive measure I} C I,. Observe
that I';(0,7;) < 0 for all # € IJ. Analogously to the argument above, it must be that
r;j(0) = 0 for all § € I}, a contradiction. Thus, it cannot be that r;(6) = r;() for all
0 € Is. O

A.2 Proof of Lemma 2

We can rewrite the expected total payoff of the RJV as
1
EIL,(ry) = 2mgo + 2 (711 — Woo)/ r,(0)db
0
1 1
- / r,(0)C(0)d0 — p max {/ r,(0)C(0)d0 — 2B, O}
0 0

where the probability that the RJV discovers the innovation is given by fol 7,(0)df while
fol r,(8)C(6)d + p max {fol r,(6)C(0)d0 — 2B, 0} captures total innovation costs.
Since research projects only differ with respect to investment costs and these costs

are increasing in 6, for any fixed probability of innovation 0, the RJV optimally chooses
a cut-off strategy to obtain this probability: It sets r,(f) = 1 for § < ¢ and r,(0) = 0

otherwise, so that fol TU(9)0<9)d9:f09 C(6)do.
The RJV’s optimal portfolio can be obtained by maximizing

~

6 6
EIL, (6) :27r00+2(7r11—7r00)é—/ C(G)d@—pmax{/ 0(9)d9—2B,0} .
0 0

Note that

OEIL, |2 (mrr — mgo) — C(B) for 6 < 67
90 2 (w11 — wo0) — (1 + p)C(0)  for 6 > 5.

Now consider the three cases from the proposition (i.e., whether 08 < 67, 08 € [07, %],
or 08 > ). First, if 0% < 6° then

A~

J 2 (w11 — mp) — C(0) >0 for < 68
89&’ = 2(np —mge) — (L4 p)C(H) >0 for 0 € (08,6°)
2 (w11 — moo) — (1 + p)C(0) <0 for 6 € (6°,1).

Thus, 0 = 6” maximizes the expected return of the RJV’s portfolio. Second, if §% € [07, 6*]
then

8Eﬂv - 2(7T]]—7T00)—C(é) >0 fOI‘é<QB
00 |2 —me) — (L+p)CH) <0 for 6 > 6P,
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so that 6 = #P maximizes the expected return of the RJV’s portfolio. Third, if 68 > §*
then

8Ef[ 2(7T]]—7T00)—C(é) >0 fOI‘é<0u
" Y = 2w — ) —C(H) <0 for 6 € (6*,67)
2 (m1r — moo) — (1 + p)C(0) <0 for 6 € (5,1).
Thus, 0 = 0" maximizes the expected return of the RJV’s portfolio. n

A.3 Proof of Proposition 1
First, we provide a lemma distinguishing the two parts of Proposition 1.
Lemma A.2. 20 > Mo + Moo & 0° > 91.

Proof.

271 > Tro + Too
2(7rr — Too) > Tro — Too
(L4 p)C(0°) > (14 p)C(6h)

0° > 0,.

O

(i) By Lemma A.2, 27;; > 79 + 7y implies 6” > #;. By Lemma 2, the probability
that the RJV innovates is at least 6”. By Lemma 1, the probability of innovation under
competition is #;. Therefore, the probability that the innovation will be discovered is
strictly larger under the RJV than under competition.

(ii) To prove part (a), we first provide an auxiliary result (Lemma A.3). Using this
lemma, we separately show that “if” part follows from Lemma A.4 below and “only if” part
from Lemma A.5 below.

Lemma A.3. Suppose 27t;; < wrg + mog. Then p > p < 0% > 0.
Proof. First suppose that p < co. Then

Tro — 271 + Moo

2(mrr — o)

p>p=

2p(mrr — Too) > Tro — 2 + Too

0)
214 p)(mrr — o) > Tro — Too
) >

211 — Too ~ 10 — Moo
1+p
C") > C(6,)

0" > 0.

Next suppose p = oo. Then, clearly p < p. Hence, the statement of the lemma holds if and
only if 6 < 60y or 2(7w;; — 7)) < %. As p = oo implies w;; = myp, this requirement
holds. O
Lemma A.4. Suppose 2w < 79 +mgo. If B > B(p) and p > p, then the probability that

the innovation will be discovered is strictly larger under the RJV than under competition.
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Proof. B > [ C(6)d6/2 implies [ C(0)d0 > [ C(6)df and therefore f; < 67. Fur-
thermore, by Lemma A.2, §” < 0, so that §° < #5. Then, either 62 € (67,0%) or 68 > 6=
If 98 € (67,60%), then the RJV invests in all projects in the set (0,07) and discovers the
innovation with probability 2. Without the RJV, in any equilibrium, the firms invest
in projects in the set (0,6;) and the innovation is discovered with probability ;. Since
68 > 0, it immediately follows that the probability of innovation strictly increases under
the RJV.

Next, suppose #% > 6*. Then, the RJV invests in all projects in the set (0,6*) and
discovers the innovation with probability 6*. Since p > p implies " > 6; by Lemma A.3,
it follows that the probability of innovation strictly increases under the RJV. m

Lemma A.5. Suppose 2w < 79 + moo. If the probability that the innovation will be
discovered is strictly larger under the RJV than under competition, then B > B(p) and

p > p.

Proof. As 2n;; < w9 + mgo, Lemma A.2 implies 67 < ;. Hence, if the probability that
the innovation will be discovered is strictly larger under the RJV than under competition,
then 67 > 6 by Lemma 2. Therefore, either 0 € (67,60%) or 67 > 6*. If 65 € (6°,0v),
then, by Lemma 2, the increase in the probability of discovering the innovation under the
RJV implies 0% > 6, so that 8* > 62 > ;. If % > 6, then the increase in the probability
of discovering the innovation under RJV implies 6% > 6, so that 6% > 6" > 0,. In either
case, both 6 > 0, and 6% > 6.

Note that 0 > 6, implies
0B 61
/ C(6)do > / C(6)do.
0 0

It follows immediately that B > f:l C(0)d0/2 = B(p). Furthermore, §* > 6, implies, by
Lemma A.3, that p > p. O

Finally, we prove part (b) of (ii). With moderate or intense competition, 27 <
19 + Moo If the formation of the RJV strictly increases the probability of discovering the
innovation, then, by Lemma A.5, B > B(p) and p > p. Using the same argument as in
the proof of Lemma A.5, we have that either 7 € (6°,0%) or 08 > 6+, If 68 € (67,0%),
then by Lemma 2, the total costs of the RJV are

/ " C(6)do = 2B. (6)

If 68 > 9%, then by Lemma 2, the total cost of the RJV are

/ " C(60)do < 2B. (7)
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By Lemma 1, the total costs for equilibrium strategies r; and r; under competition are

(1+0) [ 570)+ ;01000 ~ 208

= (1+p) [2 / " cloyin + / ")+ r;w)]cw)de] 2B

02

01
> (1+4p) {23 v /9 75(6) + r;f(é)]C(é))dQ} — 2,8

— 2B+ (1 + p)/@ 1 (0) + r1(6)]C(6)do

> 2B,

where the first inequality follows from Assumption 2, and the second inequality from
01 > 0y and 77 (0) + 15(0) > 0 for any 6.

It immediately follows that the total cost under competition is weakly larger than the
total cost under RJV, which proves the proposition. O

A.4 Proof of Proposition 2

Denote with P;¢™ the probability that both firms discover the innovation under compe-
tition and with P7g™ the probability that a single firm discovers the innovation under
competition. Analogously, let 77“” be the probability that the innovation is discovered
under the RJV.
The expected consumer surplus is strictly higher under RJV than under competition
if
P;}UCS][ + [1 — ,va} CSOO >

We proceed to show that this holds under the assumptions of the proposition. First,
observe that by Assumption 3, C'S;; > CSyy, so that

[PCOm _"_ /PCOm] CSII _"_ [1 _ Pcom 'PCO’)’TL] CSOO 2

Second, since the RJV increases the probability of innovation, P}?U > P +Pig" and
since by Assumption 3, C'S;; > CSyp, it must be that

PP CS + [1— PiY] CSpp >
[Py + Pgam] CSpp + [L — Pi™ — Pig™] C'So. (10)

Finally, observe that combining inequalities (10) and (9) gives inequality (8), which
completes the proof. n
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A.5 Profitability of RJVs: Proof of Proposition 3
Using (2), the RJV strictly increases gross profits if and only if

29*7T]]—|—2(1—0*)7T00 > (1].)
2011 + (01 — 62) (710 + mor) +2 (1 — 61) o0,

which can be rewritten as

2(91—92)7T][—|—2(9*—01)7TU> (12)
(01 — 92) (7'(']0 + 7T0]) —+ 2 (9* — 91) o0 -

We use this condition to prove Proposition 3(i) to (iii) in turn, except for the statement
in (ii) that, with moderate competition profitable RJVs need not increase innovation, which
we will deal with separately in Proposition A.1 below.

(i) By Lemma A.2, soft competition (27w > 79 + mgg), implies 6” > 6; and thus, by
Lemma 2, 6* > 6#,. Further, observe that 27;; > w9 + g implies 7;; > g9, because
71 = g would imply 77, > 79, which contradicts Assumption 1(iii). Thus, under soft
competition, inequality (12) holds and the RJV strictly increases gross profit.

If 9 < 68, Lemma 2 implies that the RJV spends exactly its budget or less; hence
an RJV does not increase R&D expenditure and, as it strictly increases gross profits, it
must also strictly increase net profits. If instead 6” > 67, then Lemma 2 implies that
0* = 0” > #,. Thus, the RJV strictly increases the probability of innovation. By revealed
preference, the RJVs profit must be at least as high as if it had chosen #* = 6. Even this
choice would lead to higher net profits than R&D competition: First, it saves the R&D
costs of duplication; second, for those values of # where total gross profits under the RJV
differ from those under R&D competition (6 € (05, 6,)), total gross profits under the RJV
are strictly higher than under R&D competition, as 27w > 79 + wgo > 79 + Tor.

(ii) By Proposition 1, moderate competition and B > B(p) and p > p imply that
the RJV weakly reduces cost and that 6 > 6;. Further, p > p implies that m;; > 7.
Otherwise, we would have p = oo if m;; = myg, which contradicts p > p. Hence, since
2mr; > 79 + mor under moderate competition, together with n;; > my and 6* > 61,
inequality (12) holds and the RJV strictly increases gross profits. As it does not increase
costs, it also increases net profits.

(iii) Suppose first that 6* > 6;. Rearranging (11), the requirement that the expected
gross profit difference is strictly positive becomes

(9* — 91) (271'[] — 27‘('00) > (91 — 92) (7T[0 + ol — 271']1)

As 21y < w9 + o1 (intense competition) implies 6; > 5 and the restriction on ¥ can
only hold if 7w;; > mgg, we can rearrange again to get

0 — 601 T+ mor — 2y 0

01 — 0y 2w — 2mog

Thus, provided 6* > 64, gi:gi > W is equivalent with the requirement that the RJV strictly

increases expected gross profits. But 7wy +my;—2m;; > 0 implies ¥ > 0. Using 6; —6y > 0,
e—=g+ > W thus implies 0% > 0y + W (61 — 65) > 6;.
Further, 2m;; < w9 + mor < w9 + mpp implies that 6; > 6”7 and ¥ > 0. Hence,
min{0%,6“}—6,
01—05

> U implies 8% > 6?. Therefore, using Lemma 2, we obtain that 0* =
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min{f?, 6%}, so that the RJV is not spending more than its budget and hence not more
than the individual firms. Therefore, the RJV strictly increases gross profit and (as it does
not increase costs) net profits.

Next, we finish the proof by dealing deal with the possibility that an RJV may be
profitable in spite of reducing innovation incentives (see Proposition 3(ii)). We sharpen
the statement as follows.

Proposition A.1 (Profitable innovation-reducing RJV).
Suppose that the following conditions hold:

(Z) 27T[] - (7T[0 +7T00) = 0.
(i) B < B(p) or p < p.
(ZZZ) Ty > Tor-

Then there exists some 7rg > w9 such that for all 7, € (79, 7r9) and keeping other
parameters fixed, the RJV is profitable, but reduces the innovation.

Proof. We first show that when 27, — (779 + mgp) = 0, the RJV leaves the innovation
probability unaffected. To see this, first note that, together with condition (ii), Proposition
1 implies that the innovation probability is not strictly higher in the RJV than under R&D
competition. Next, 277 — (779 + mg9) = 0 implies that ¢; = 7. As 0* > 6 by Lemma
2, we obtain #* > 61, so that the RJV does not have a negative effect on the innovation
probability either. All told, there is no effect of the RJV on the innovation probability.

Next, still assuming that 2m;; — (779 + mgp) = 0, total gross profits are weakly higher
in the RJV than under competition for 6 € (0, 6;) because 27y > w9 + wo;. As gross
profits are the same with and without RJV for the remaining realizations of 6, expected
total gross profits are at least weakly higher with the RJV than without. Note that by
condition (iii), #; > 0, so that the costs with the RJV are strictly lower than the total
costs with R&D competition, with the difference being equal to f002 C'(0)do.

Finally, observe that a ceteris paribus increase from 77y to 77, does not affect §, nor
6* but increases #; to some 6] > 6*. By continuity, there exists some 77y such that for
all 77, € (719, 710), the change in total gross profits under R&D competition is smaller
than f062 C(#)do. For all such 7},, the RJV is profitable but it decreases the innovation
probability from 6] to 6*.

O

Note that conditions guarantee that this case arises when competition is moderate,
but parameters are close to the soft competition regime. Then, under condition (ii) in
Proposition A.1, an RJV woudd reduce innovation slightly, but without major adverse
effects on gross profits. The cost-reducing effect of an RJV will then suffice to make it
profitable.

A.6 Equilibrium Selection via Risk Dominance

Consider a variant of the original model, where the firms have different borrowing costs.
Firm h has a borrowing cost of pp, while firm ¢ has a borrowing cost of p; = p, — €, where
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€ > 0 is arbitrarily small. Define the following cutoffs 6%:

(14 pn)C(07) = w10 — oo,
(1+ pn)C(03) = 711 — 701,
(1+ pe)C(07) = 710 — o0,
(14 po)C(6%) = 71 — mor

There always exists € small enough such that 65 < 6. Then, the following inequality
holds:

0h < 65 < 0" < 6.

We maintain Assumption 2, with 6% substituting 6,. Using arguments which are by
now familiar, we can show that in any equilibrium:

(i) both firms invest in [0, %),

(i) firm ¢ invests in [0, 05),

)
)
(iii) either firm £ or firm h invests in each 6 in [0%, 07),
(iv) firm £ invests in all 6 in [0, 07),

)

(v) and no firm invests in [6%,1).
d

Denote the strategy (rd,r?) as the following equilibrium strategy:

ri(0) = 1 for all 6 € [0,6%)
0 otherwise

i) =

0 otherwise.

{1 for all 6 € [0,6%)

Denote with (77, 7}) any other equilibrium strategy. Let D C [65, 0% be the set of projects
0 on which (r},r}) differs from (r{, 7). Let MP = [ dj > 0 be the probability that the
successful project is in the set D.

We are interested in the (infinite) set of 2x2 games where firm ¢ can choose between
rd and r}, and firm h can choose between 7¢ and r;.

Firm h
Th rd
Fipm ¢ ¢ LEe(r, 7h), B (rf, ) | B (g, ), BTN (rf, )
rd | BI(rd, r5), B, (r5, rd) | B (¢, rd), BT, (rd, 70

Table 1: Payoff matrix of the 2x2 game.
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The expected equilibrium payoffs are as follows:
EI,(rd, rd) = Ohmr + (Hf — 93) o + (1 — Qf) 00
14
—U+WAA%@ﬁ®+mB
EII, (rd, rd) = 0hmrp + (Hf - 93) mor + (1 — 9{) 00
14
— (1+pn) /002 C(j)dj + pnB
R, (r;,r;) = Ohm + (9{ —oh — MD) 1o + MPmor + (1 — 9{) 00
~(p) [ )+ B
[0,67)\MP
EIL, (7}, 7)) = Ohmrr + (9? —oh — ./\/lD) mor + MPry + (1- 9{) 00

—wumw/ C)dj + pu B
[0,05)UMD

Non-equilibrium payoffs are as follows:
ELL(rf, 73) = 0371 + (01 — 03 — MP) mro + MPpp + (1 = 07) moo

01
—(1+ Pe)/ C(j)dj + peB
0
By (rh,17) = O3 + (0 — 05 — MP) mor + MPmpy + (1= 07) o0
- (1+ph)/ C(j)dj + pnB
[0,05)UMPD
ElL(re, TZ) - %LWU + (Hf - 93 - MD) T + MDWOO + (1 — 9{) Too
— (L4 p0) / C(j)dj + peB
[0,6$)\MP

EILy (1, 77) = 057 + (07 — 05 — MP) mop + MPmoo + (1 — 65) moo
0%
() [ OO+ mB
0

Let a game G be any 2x2 game in which the actions of the firm i € {¢, h} are {rd,r;},

where (r¢,r#) the equilibrium specified above and (r},r}) is any other equilibrium of the
original game. The payoffs are as specified in Table 1. For any such game, we prove the
following result.

Proposition A.2 (Risk dominance). In any game G, the strategy profile (rd, rd) is risk-

dominant.

Proof. For notational simplicity and consistency with Harsanyi and Selten (1988), we will
denote the payoffs from the table above as follows:
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Firm h
* d
Th Ty

Ty | Q11, b1 12, b2

Ty | G21, ba1 | @z, by

Using the notation from Harsanyi and Selten (1988), we have:

U = a11 — A21 :MD(WOI_W[I)+(1+p€)/ C(j)dj >0
MD

U2 :bll_b12:MD<7TIO_7TOO) —(1+Ph) DC( )dj >0
M

U1 =a22—a12ZMD(WIO—WOO)—(1+PZ)/ C(j)dj >0
MD

Vo = b22 — b21 = MD<7TOI — 7T]]> + (1 + ph>/ C(])d] > 0
MD

By Theorem 3.9.1 in Harsanyi and Selten (1988), the strategy profile (rf,r¢) will be
risk-dominant if v;v9 > ujus.
This is equivalent to showing that:

P —n) = (1 +0) [ COA| (MO =7+ o) [ clina] 2
[MD(WOI - 7TH) + (1 + Pe) /MD } 7T10 - 7T00) - (1 + Ph) /MD C(j)dj
<
(MD)2 (w10 — To0) (mor — mrr) + MP (10 — 00) (1 + pi) /MD C(j)dj
P = m(1+p0) [ =+ oo ([ cGi) 2
(MP)? (110 — mo0) (or — m1r) — MP (mor — 1) (1 + pr) /MD C(J)dj
MO (= )1+ ) [ G- ) ([ ctird)
<~
(710 — mo0) (1 + pn) — (mor — mrr) (1 + pe) >
—(mor — mrr)(1 + pr) + (710 — 7o0) (1 + pr)
<~
(1 + pr)(mr0 — Moo + mor — wrr) > (1 + pe) (7m0 — oo + Tor — 1)
which always holds since (79 — moo + mor — 777) > 0 by Assumption 1(iv). O
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A.7 Examples
A.7.1 Linear Cournot Competition

We now sketch the details for the Cournot example of Section 4.6.1. Using the notation
a = a — ¢, it is straightforward to show that, under the assumption that a > [ an
equilibrium with positive outputs and profits exists for both firms, so that the innovation is
non-drastic. The equilibrium profits are given as 7;y = %%, T = %(O";I)2, Tog = %%2’

2
Tor = %% These expressions imply that, whenever o > I, Assumption 1 holds, as

well as the stricter condition that competition is not soft required by Proposition 1(ii).
Next, Corollary 1 follows directly from inserting these profit expressions in the term p.
Furthermore, the boundary between intense and moderate competition, given by 27w, =
Tro + mor, can be calculated as o = 31/2.

A.7.2 Differentiated Price Competition

We now add further details for the case of price competition with inverse demand p; =
_bh_h2 .
1—g;—bg; for b € [0,1). We assume that cost differences are not too large (¢; < %)

for i € {1,2},7 # i. Then standard calculations show that both equilibrium outputs are

positive, with equilibrium profit

(2—b—b2—(2—b2)¢; + be;)
(4 -2 (1—02) '

Inserting appropriate values for ¢; and ¢y gives

2=b—0*—(2=0)(c—1)+bec)

(13)

T =

e (41— )P (1—12)
o 2-b—02—2-=0)(c—1)+b(c—1))
e (4= 02 (1—1?)
(2—b—0b*—(2—b2)c+be)
T a e
S 2=b—0*—2=0)c+b(c—1))

(4 =02 (1 - ?)

The requirement that all profits be non-negative (ci < %) is most demanding

when ¢; = ¢ and ¢; = ¢ — I, in which case it can be guaranteed by assuming
b’c—2c—b+bc—b*+2
b

I <

In Figure 4, we set ¢ = 0.5 and hence
0.5
b

The assumptions of the paper can easily be verified in this case. We also find expressions for
the regions plotted in Figure 4. After some rearrangements, the condition that 7wy 47y <
21 becomes

(4 — 8b— 2% + 4b° + b*) I > 8¢ + 12b — 4b%c + 6b°c + 2b*c — 12bc + 40> — 6b° — 26" — 8

I<—(2-0"-b)
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For ¢ = 0.5, this simplifies to
41 — 8bI — 2b°1 + 4b°T + b*1 > —b* — 30 + 2b* + 6b — 4
The condition 779 4+ I1(0, I) < 27;; becomes

AT — 4b — 8bI — 30T + 4T + b*T — 3b> + 20 +b* +4 > 0.

A.8 Mergers

In this section, we first provide formal statements of the informal claims in the main text;
thereafter, we state and prove the central result comparing mergers and RJVs.

A.8.1 Optimal R&D portfolio of Merged Entity

We first describe the investment behavior of the merged entity in a similar way as for the
RJV (see Lemma 2).

Lemma A.6. The merged entity chooses a single cut-off strategy with

o0 if 68 < 6r,
0=13068 if 08¢c[or, 0]

0 if 68 > gv

m

Proof. The proof is entirely analogous to the proof of Lemma 2. We merely have to replace
moo With my and 7;; with 77 in the profit expressions and adjust the critical values. O

Next, we adapt Proposition 1 to the case of mergers.
Proposition A.3 (Comparison of R&D-Competition and Mergers).

(i) Suppose m; — g > w9 — wrr. Then the innovation probability is strictly larger after
the merger than under RED competition.

(i1) Suppose mp —wg < w9 — 7rp. Then:
(a) The innovation probability is strictly larger after the merger than in any equilib-
rium under competition if and only if B > B(p) and p > py,.
(b) If the merger strictly increases the innovation probability, then it weakly decreases
total RED spending.

The proof is analagous to the proof of Proposition 1.

A.8.2 Proof of Proposition 4: Comparing Mergers and RJVs

We require an auxiliary result, the proof of which is obvious.

Lemma A.7. 2(7T[[ —71'00) % T — T & g % 9% & 07 % 0'731
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Next, we prove the two statements of the proposition in turn.
(1) Suppose that 2(m;; — 7wgg) > 77 — mp. By Lemma A.7, 0 < 6” and 0% < 6*. This
implies that there are two possible orderings of critical values:

0 < 07 < 0" < 6" (14)
0 < 0" < 0 < 0" (15)

Suppose first that ordering (14) holds. If §% < 62 then the RJV invests in the set
(0,6°) and the merged firm in (0,67,). If 08 € [07,0°), then the RJV invests in the set
(0,67) and the merged firm in (0, 0%). Hence, since 6” > 07 . it follows that the RJV invests
in a larger set than the merged firm whenever 62 < ¢°. 1f 6% € [#”,6"], then both invest
in the identical set (0,67). If 6% € (9%, 0"), then the RJV invests in the set (0,0%) and
the merged firm in (0,0%). If 6% > 6“ then the RJV invests in the set (0, 0"), whereas the
merged firm still invests in (0, 60" ). Hence, since 8* > %, it follows that the RJV invests
in a larger set than the merged firm whenever 67 > .

Now suppose that ordering (15) holds. The analysis for % < 62 and 0% > 0“ is
unchanged. If 08 € [07,,0%), then the RJV invests in the set (0,6”) and the merged firm
in (0,07). If 08 € [0“,07), then the RJV still invests in the set (0,6?), and the merged
firm invests in (0,0%). If 68 € [6°,0%), then the RJV invests in the set (0,0”) and the
merged firm in (0,60" ). Hence, whenever ordering (15) holds, the RJV invests in a larger
set than the merged firm.

Next, suppose that 2(7w;; — mgp) = 71 — mp. By Lemma A.7, 0% = 6% and 6 = 67, If
6P < 6? = 67, then both the RJV and the merged firm invest in (0,6%). If 8 € [67,0%),
then both invest in the set (0,07). If 6% > 6* = §* | then both the RJV and the merged
firm invest in the set (0,60%). Hence, for any #% both the RJV and the merged firm invest
in the same set of research projects.

(1) Suppose that 2(mwr; — mpp) < 7r — mp. By Lemma A.7, 6 < 6% and 6” < 7. This
implies that there are two possible orderings of critical values:

0r < 0 < 0 < 0" (16)
0r < 0" < 0° < 0" (17)

Suppose first that ordering (16) holds. If % < 6°, then the merged firm invests in
the set (0,607,) and the RJV in (0,60°). If 6% € [6°,67,), then the merged firm invests in
the set (0,67,) and the RJV in (0,67). Hence, if 0% < 6, the merged firm invests in a
larger set than the RJV. If §8 € [07,6%], then both invest in the identical set (0,0%).
If 67 € (6*,60%), then the merged firm invests in the set (0,67) and the RJV in (0, 0"
If 8 > 6* then the merged firm invests in the set (0,0%) and the RJV still in (0, 6"
Hence, whenever #% > 0% the merged firm invests in a larger set than the RJV.

Now suppose that ordering (17) holds and consider again different values that 07 can
take. The analysis for 6% < 67 and 0% > 6% is unchanged. If 6% € [6,6%), then the
merged firm invests in the set (0,67,) and the RJV in (0,67). If 68 € [9*,07), then the
merged firm invests in the set (0,6%,) and the RJV in (0,6%). If 6% € [67,,0%), then the
merged firm invests in the set (0,67) and the RJV in (0, 6%). Hence, whenever the ordering
(17) holds, the merged firm invests in a larger set than the RJV. [

).
).
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A.9 Spillovers
A.9.1 No Financial Constraints

As a benchmark, we now consider a model without financial constraints. Instead, we allow
for spillovers. Specifically, if a firm has invested successfully in a project and the rival has
not, then with probability o € [0, 1] the rival will obtain access to the innovation. The
expected total payoff of firm ¢, given the strategy of firm j is then

EHZ'(’I"Z',TJ‘) = \/0 (]_ — ’I“J(e)) [TZ(Q)((:[ — 0')71'[0 + 0'71'[]) + (1 — T‘Z'(Q))ﬂ'gg] do +
/0 r;(8) [(ri(0) + (1 —1(8)))7rr + (1 — o)(1 — 7:(8))mor] dO—
/ 1 r:(0)C(6)d0.

Compared to the expected total payoff with financial constraints, firms do not have addi-
tional costs from borrowing. Moreover, there is now the possibility that a firm obtains the
innovation without innovating itself. The equilibrium characterization for R&D competi-
tion closely follows the previous analysis. We first implicitly define critical projects similar
to those defined previously.

C(0r)
C(62°)

(1 —O'>7T[0 +0'7T[]—7T00

(1 — 0')(71'[[ — 7T0[)

The intuition for 67¢ and 03¢ is analogous to the one for #; and 6,, taking into account
different payoffs due to potential spillovers. It is straightforward to show that 67¢ > 65°.

Lemma A.8 (Investment strategies under competition with spillovers).

(i) The research competition game has multiple equilibria. A profile of double cut-off strate-
gies (r7,77) is an equilibrium if it satisfies (a) 0 = 05° and 0y = 07° and (b) for each
6 € (05°,07°) either:

(2

r(0) =0 and r}(0)

7

ri(0) =1 and r;(0) =0 or
1.

(ii) No other equilibria of the research-competition game exist.

Next, we consider the case with RJVs. The analysis is simpler than in the case with
financial constraints. The increase in joint profit from a successful innovation is 27;; —2my.
Hence, the RJV invests in all projects up to “, and it does not invest in the remaining
ones. We can now prove Proposition 5.

Proof of Proposition 5 When competition is soft, the argument follows as in the
case without spillovers (without relying on Assumption 2). When competition is not soft,
we need to show that the condition in the proposition is equivalent with the requirement
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that 07¢ < 6". This follows from simple rearrangements:

T — Too

c>1— ——

Tro — TI

o(mrg — mrr) > Tro — 271 + Moo

2T — 2o > (1 — O')?T[o + OoTrr — Too

c(6") > C(67°).

A.9.2 Financial constraints

We now augment the model with spillovers with financial constraints. The analysis of
Sections 3 and 4 carries over directly if we replace the function = with 7 defined as follows

Too = Too
T = Trr

ﬁ'jg = (1—0’)7’(’10+O’7T[[

%01 = (1 —O’)7T0[+O'7T[[

Replacing m with 7, we obtain new expressions for expected profits, Eﬁi(n,rj), for
critical values 60, 65, etc. We replace Assumption 2 with

Assumption A.1. B < f0§2 C(0)db.

It is straightforward to show that 0~1 > 0~2. Moreover, if #; > 0, then 6; > él for all
o > 0. Hence, spillover reduces the incentives to invest because rivals could also benefit
from the innovation. The following result follows directly from replacing 7 with 7 in
Lemma 1 and then inserting the above definitions for 7.

Lemma A.9 (Investment strategies under competition with spillovers and financial con-
straints).

(i) The research competition game has multiple equilibria. A profile of double-cut off strate-
gies (r7,r3) is an equilibrium if it satisfies (a) 0, = 0y and 0y = 6, and (b) for each

0 e (52,51) either:
ri(0) =1 and r;(0) =0 or

7

ri(0) =0 and r;(e) =1.

(ii) No other pure-strategy equilibria of the research-competition game exist.

Suppose now that the two firms form an RJV. Since the firms will share a successful
innovation, spillovers do not affect innovation behavior under cooperative R&D. Therefore,
an RJV still has the critical projects 67 and §" and invests according to Lemma 2.

For the comparison between RJV and R&D competition, we replace #; and 7 in the
definitions of 7 and B(p) with #; and 7 to obtain:

61
ey
B(p) = *—5—
Tro — Trr — (Trr — Too) for 71 > 7
~ ~ ~ ) 00
p= 2(7Trr — o)
00, for ﬁ[[ = 77—00-
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It is straightforward to show that 5 > j and B(p) > B(p). Replacing 7 with 7 in
Proposition 1 and then inserting the values for 7y, into the definitions of 7;, ;, immediately
shows under which circumstances an RJV increases innovation with spillovers.

Proposition A.4 (Comparison of competition and RJV with spillovers).

(i) Suppose 2w — 279 > 79 — woo — 0 (w9 — wrr). Then the innovation probability is
strictly larger under the RJV than under RE€D competition.

(i1) Suppose 2w — 219 < 79 — wog — (w9 — wyr). Then:
(a) The innovation probability is strictly larger under the RJV than under competition
if and only if B > B(p) and p > p.
(b) If the formation of the RJV strictly increases the innovation probability, then it
weakly decreases total RESD spending.

Moreover, the conditions on the budget and interest rate that an RJV increases the
probability of innovation are weaker with higher spillovers (see Section A.9.3).

A.9.3 Proof of Proposition 6

First, we note two auxiliary results which are analogous to Lemmas A.2 and A.3, replacing
7 with 7 and 0, with 6.

Lemma A.10. 7r;; > (1 — o) (w9 — 7rr) + moo < 07 > 0,.
Lemma A.11. p > j < 0% > 0.
Next, we provide a useful monotonicity result:

Lemma A.12. 6 is a weakly decreasing function of o and p. B and p are weakly decreasing
mo.

Proof. Suppose ¢’ > o and p’ > p. Then

Tro — 0(7T10 - 7TH) — Too > Tro — U’(7T10 - 7TH) — Too

1+p - 1+ p
(1 —=o0)mg +omir — oo > (1 —0')mro + o' — moo
1+p - T+

where the inequality holds since 779 > m77. The first result immediately follows. Next,
[P c)de
2

in 0. The interest rate cut-off value p is decreasing in o, since

since C'(#) is a strictly increasing function, B = must also be weakly decreasing

Op _ mi— T

=—— 7 <0
80' 2(7T]] — 7T00)

— 9

if ;7 — mpp > 0 and zero otherwise. O
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To prove Proposition 6, suppose first that we have weak competition in the sense that
wrr > (1 —o)(mrg — mrr) + mgp. By Lemma A.10, this implies 6 > 6,. By Lemma 2,
the probability that the RJV innovates is at least #”. By Lemma A.9, the probability
of innovation under R&D competition is 6, where this expression is decreasing in o by
Lemma A.12. Now, suppose 77y < (1 — o)(mwr9 — my7) + mp9. By Proposition A.4(ii)(a), a
strictly larger innovation probability under the RJV implies B > B (p) and p > p. Further,
arguing as in the proof of Lemma A.5, if the innovation probability is strictly larger under
the RJV than under R&D competition, then 67 > 7. If 8 € (67,0%), the RJV invests
in all projects in the set (0,0%) and discovers the innovation with probability #F. Since
B > B(p) = [ C(6)d0/2, we have [ C(0)d0 > [ C(6)df, which implies 65 > ;.
Without the RJV, in any equilibrium, the firms invest in projects in the set (0, 51) and
the innovation is discovered with probability 6;. As 6 is weakly decreasing in p and
weakly decreasing in ¢ by Lemma A.12, it immediately follows that, if the probability of
innovation is strictly larger under the RJV for any o and p, then this is also true for any
o' > o and p > p. If 6% > 0*, then the RJV invests in all projects in the set (0,6*) and
discovers the innovation with probability 8*. By Lemma A.11, p > p implies 6% > 0,. Tt
immediately follows that, if the probability of innovation is strictly larger under the RJV
for any o and p, then this is also true for ¢/ > o and p’ > p. O

A.9.4 Licensing

We now add some more details to the licensing model sketched in Section 5.3, where a
successful innovator chooses a two-part tariff licensing contract (L, n) at which the unsuc-
cessful innovator can use the innovation. The buyer accepts any contract that yields at
least the outside option of 7y;. In equilibrium, the innovator extracts all rents and sets
a fixed fee L such that the unsuccessful firm earns 7y;. Therefore, the single innovator
receives the total market surplus net of the outside option, 2777 + A — my;. We spell out

the profit function 7% as

L

Too = Too
7TILI =TI
7TIL0 = max{7mg, 2w + A — mor}
7T§I = ToI-

Replacing 7 with 7, we obtain a new expression for expected profits, EII*(r;, r;), and
critical values 0F, 0L, etc. We maintain Assumption 2. It is straightforward to show that
6L > 6, and 6L = 0,. The next result follows directly from replacing m with 7% in Lemma
1 and then inserting the above definitions for 7.

Lemma A.13 (Investment strategies under competition with licensing).

Suppose that 2m;; + A — wor > 7. Then:

(i) The research competition game with licensing has multiple equilibria. A profile of
double-cut off strategies (v}, %) is an equilibrium if it satisfies (a) 0, = 0 and Oy = 0

and (b) for each 0 € (0o, 0L) either:
ri(0) =1 and r;(0) =0 or
1

7

r(0) =0 and r;(0) =

(2
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(ii) No other equilibria of the research-competition game exist.

The analysis of the RJV is unchanged; it invests according to Lemma 2.
Define the budget threshold B%(p) and the interest threshold p as

7T00+A—7T0]

, for ;> oo

ﬁL = 2(77'[[—71'00)
00, for i = 7.
eL
_ L C(0)do
Bi(p) = b CO® 5

With this notation in place, it is straightforward to see how Proposition 7 directly
follows by reformulation of Proposition 1 with 7 replaced by 7’.

A.10 Multiple firms
A.10.1 Industry-wide RJV

We extend the model to three ex-ante symmetric firms (i € {1,2,3}). The product market
profits of firm ¢ are now given in the reduced form 7y, for j,k # i, j # k. We suppose
profits are symmetric: wpr9 = wgor and w79 = mr9r. That is, only the number of successful
rivals matters. We adjust the assumptions on the product market profits accordingly.

Assumption A.2 (Regularity of market profit functions).

(i) Profits are non-negative: T4, > 0 for all t;, t; and ty.
(i) Innovation increases profits: wr; > Togg-
(i1i) Competitor innovation reduces profits: Tppg > Toro > Torl-

(iv) Competitor innovations reduce the value of own innovations:
Tr00 — Tooo = Tiro — Toro = Tl — ToIl-
We obtain cut-off values 03 < 6, < 6; from

(1+p)C(01) = T100 — To00
(1+p)C(02) = 110 — To10
(1+p)C(03) = 7111 — Tor1-

After appropriately modifying Assumption 2, we find that all equilibria have a triple
cut-off structure with all firms investing in [0, 63), two firms in (65, 65), one firm in (69, 0;)
and no firm investing in (64, 1)

Now we suppose that all three firms form an RJV. Let 62 be defined as the solution
to fOGB C(0)do = 3B if fol C(6)dd > 3B and 6P =1 otherwise. Next, let 6% and 6” be the
solutions to the following equations

(1+p)C(07) = 3(T1r1 — To00)
C(0") = 3(m1rr — To00)-

Using these cut-off values, the RJV follows a cut-off strategy as in Lemma 2. Defining
soft competition by the requirement that 37;;; > 7799+2709 and adjusting the budget cut-
off value B and the interest rate cut-off value p appropriately, we finally obtain conditions

under which an RJV increases the probability of innovation, which are analogous to those
in Proposition 1.
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A.10.2 Multiple RJVs

Next, we extend the model to four ex-ante symmetric firms (i € {1,2,3,4}). We write the
product market profits of firm 7 facing competitors j, k and [ as m,¢,1,4,- As in the previous
subsection, we assume that profits depend only on the own technology and the number
of competitors with the new technology, not on their identity. Further, we impose the
regularity conditions that profits are non-negative, weakly increasing in own innovation
and that the positive effect of own innovation decreases in the number of competitors with
access to the new technology.

We again adjust Assumption 2 so that firms want to borrow externally under R&D
competition. Unsurprisingly, it turns out that, under R&D competition these equilibria
have four cut-off values 0, < 63 < 0, < 0, defined in the by now familiar way.

Now we suppose that two RJVs are formed, each consisting of two firms. Thus, instead
of four firms, we have two competing RJVs {vy,vs}, each with budget 2B. Let 67 be

defined as the solution to foeB C(0)dd = 2B if fol C(0)df > 2B and 67 = 1 otherwise. To

find the cutoff-values, consider the equations

(14 p)C(07) = 2(mr100 — T0000)
(1+ p)C(05) = 2(71111 — Too11)
0(9%) = 2(7T1100 - 7T0000)
C(0y) = 2(mr1r1 — Toorr)-

The interpretation is the same as with one RJV. We restrict our analysis to the case in
which the budget of an RJV is sufficiently large such that no RJV borrows in equilibrium.

Assumption A.3. 2B > foelp C(6)de.

The assumptions imply 68 > 07 > 05. How 67 relates to the two values 0% < 0% will
determine the optimal portfolio of an RJV. The research competition game turns out to
have multiple equilibria with double cut-offs (and no other equilibria).

The proof follows a similar structure as in Lemma 1, but we have to distinguish between
the three cases 67 < 0%, 08 € [0%,0%) and 6* < 6B. Further, Assumption A.3 implies
(14 p)C() > 2(mr100 — Toooo) for any @ > 0B, Thus, it is never optimal to invest more
than the available budget for an RJV. Defining soft competition by the requirement that
1100 — Too00 > Trooo — Trroo and adjusting the budget cut-off value B and the interest rate
cut-off value p appropriately, we finally obtain conditions under which the formation of two
RJVs increases the probability of innovation, which are analogous to those in Proposition
1.
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A.11 Sources for RJV Examples

In the Introduction, we mentioned several actual RJVs. More information about these
ventures can be found at the following links, which are listed in the order in which the
RJV appeared in text. All links were last accessed on June 28, 2022 and are archived on
https://web.archive.org.

https://www.cbo.gov /publication /57126

https://www.bdo.co.uk/en-gb /news/2021 /top-20-global-carmakers-spend-another-
71-7bn-on-r-and-d-as-electric-vehicle-rollout-gathers-pace

https://group-media.mercedes-benz.com/marsMediaSite/de/instance/ko.xhtml?oid
=42917172

https://www.saftbatteries.com/media-resources/press-releases,/psa-a-total-
automotive-cells-company

https://www.bp.com/en/global/corporate /news-and-insights/press-releases/
paving-the-way-for-sustainable-mobility-bp-bmw-daimler-announce-bp-third
-shareholder-of-dcs.html

https://www.reuters.com/business/autos-transportation /renault-nissan-mitsubishi-
alliance-say-deepen-cooperations-ev-production-2022-01-27/

https://www.basf.com/global /de/media/news-releases/2021/05/p-21-215.html

https://www.volvogroup.com/en/news-and-media/news/2020/apr/news-
3640568.html

https://www.washingtonpost.com/technology/2022/05/18 /solid-state-batteries-
electric-vehicles-race/

https://www.forbes.com/sites/greggardner/2020/02/03/toyota-and-panasonic-
launch-joint-ev-battery-venture/

https://www.volkswagen-newsroom.com/en /press-releases/enel-x-and-volkswagen-
team-up-for-electric-mobility-in-italy-7315

https://www.media.stellantis.com /em-en /fca-archive /press/fiat-chrysler-
automobiles-and-engie-eps-plan-to-join-forces-in-a-jv-creating-a-leading-company-
in-the-e-mobility-sector
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https://www.basf.com/global/de/media/news-releases/2021/05/p-21-215.html
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https://www.washingtonpost.com/technology/2022/05/18/solid-state-batteries-electric-vehicles-race/
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