Research Joint Ventures Cartelization with Asymmetric
RDSpillovers

Gamal Atallah
University of Ottawa and CIRANO

Abstract

The paper analyzes the profitability of RDcooperation under asymmetric spillovers. It is
shown that a firm prefers RDcompetition to RJV cartelization when its own spillover rate is
low and the spillover rate of its competitor is high. While it prefers RDcartelization to RJV
cartelization when the spillover rate of its competitor is sufficiently high. The equilibrium
configuration is RJV cartelization for low spillover asymmetries, RDcompetition for
intermediate asymmetries, and RDcartelization for high asymmetries.
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1. Introduction

The large literature on precompetitive R& D has mostly assumed that firms are symmetric.
Y et, inthereal world notwo firmsarealike: firmsdiffer in size, technology, etc. Such asymmetries
will affect how firms participate in technological cooperation, what they gain from it, and what
threats it poses to them. One particular type of asymmetry between firms is asymmetry in R&D
spillover levels. Differencesin spillovers can be due to many factors. absorptive capacities (Cohen
and Levinthal, 1989), the type of research conducted, inter-industry differences, differences in
investments in secrecy, etc. Jarmin (1993:1) notes. “Geographical location, research and
development expenditures and other idiosyncratic firm characteristics are likely to affect how
individual firmslearn from the experience of their rivals.”

This paper analyzes R& D cooperation when firms have different levels of spillovers. The
paper focuses on RV cartelization, where firms coordinate R& D expenditures and share their
researchresults. Theprofitability of RJV cartelizationisanalyzed, relativeto both R& D competition
and R&D cartelization (where firms only coordinate their R& D expenditures).

A few studies deal with different facets of asymmetries between firms. Atallah (2005a)
analyzes R&D cartelization with asymmetric spillovers, and finds that R&D cooperation is
profitable to both firms for a relatively limited range of spillovers. when spillovers are highly
symmetric or highly asymmetric. He also shows that R&D cartelization increases total R&D
investments iff the average spillover rate in the industry is sufficiently high. Amir and Wooders
(2000) analyze unidirectional spillovers. De Bondt and Henriques (1995) and Amir and Wooders
(1999) show that endogenousleader-follower rolesarise dueto asymmetric spillovers. Jarmin (1993)
studies learning by doing and allows for differences in spillovers between firms. Kesteloot and
Veugelers (1997) and Petit and Tolwinski (1999) alow for asymmetriesin firm size and spillovers,
but do not consider information sharing.

The current note derives three main results. First, afirm prefers R& D competition to RV
cartelizationif its (outgoing) spillover rateis sufficiently low and the spillover rate of itscompetitor
issufficiently high. Second, afirmprefersRJV cartelizationto R& D cartelization whenthespillover
of its competitor is sufficiently low. Finaly, the equilibrium configuration structure is (RV
cartelization, R&D competition, R&D cartelization) for (low, intermediate, high) spillover
asymmetries.

2. The profitability of RJV cartelization

Two firms producing ahomogeneous good compete ala Cournot. Demand is given by p=A-
Y;-Y,, Where y; denotes the output of firmi. The marginal cost of firmi is given by

C=a-x-pBX D)

where o is the initial marginal cost, x; is the R&D output of firm i, and 3,€[0,1] is the outgoing
spillover rate from firmj to firmi. Profits are given by

T =(p-G)y, — i 2

other studies consider asymmetriesin production costs. Atallah (2005b) and Baerenss (1999).



where yx? represents the convex costs of R&D.
The game has two stages: in the first stage firms invest in cost-reducing R& D, and in the
second stage they compete in output. Solving backward, the solution to the output stage is
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Yi = 3 (©)

For the R&D stage, two scenarios are considered: R&D competition, where each firm

choosesits R& D to maximizeitsown profits; and RJV cartelization, where firms choosetheir R& D

investments to maximize joint profits, in addition to exchanging all information, that is, setting
B,=B,=1. Under R& D competition, the equilibrium in R&D is given by

(A-)(2- B)By+ 5,(3-5)-2)

Xin = (4)
2177 + (2- B)(2- B)A- AB)- 318~ L, A (4- B)]
Thes.o.c.is
Fm_(2-B)° (5)
&XiZ - 2[ 9 - 7/] <0
Under RJV cartelization, the symmetric equilibrium is given by
xC = 2(A_ 0() (6)
' 9y-4
Thes.o.c.is
J° 2
% heper = g (2= 97) <0 (7)

Substituting the solutions for R&D and output into (2) yields the equilibrium profits. Non-
cooperation profits are given by

e (A-a)*(9 - (2- B)*)By +B,3-B,)-2)y o
1277 2= B)@- B,)A- B - 38 B, (4— ) - B, (4- BT ®)
Cooperation profits are given by
. (A-a)y 9)
%= 9y-4

The goal of this note is to compare cooperation with competition profits.

Proposition 1.2 Firmi prefers R& D competition to RIV cartelization when £ islow and 4 ishigh,
with the critical value of 4 increasing in £.

2all proofs are in the Appendix.



Figure 1 shows how RJV cartelization affects profits. Consider for instance firm 1. Firm 1
gainsfrom cooperation, except when 3, islow and 3, ishigh. In these circumstances, firm 1 prefers
not to cooperate with firm 2. RJV cartelization involves both the coordination of R& D investments
and perfect information sharing. When 3, is low, cooperation implies a significant increase in f3,,
which benefits firm 2 substantially. And when f3, is high, the increase in 3, (given by 1-B,) is
negligible, hence the gain to firm 1 is minor compared to the gain to firm 2, resulting in an
improvement in the competitive position of firm 2.
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Figurel. RJV cartelzationvs. R&D competition

Asfor R&D expenditures, we know that R& D investments of both firmsincrease with the
passagefrom R& D competitionto RIV cartelization, and so doesthe effective cost reduction of each
firm, which representsthe dollar amount of cost reduction per unit of output. However, theincrease
inx, benefitsfirm 2 disproportionally, because of the significant increasein 3,. And theincreasein
X,, athough substantial (because firm 2 was initially investing less in R&D, due to its high
spillover), does not benefit firm 1 as much, because the increase in 3, islower than the increasein
B,. By the same token, firm 2 prefers not to cooperate when 3, islow and f3, is high.

Figure 1 illustrates the spillover region where both firms prefer RJV cartelization to R&D
competition. Outsidethisshaded region, RJV cartelization will not occur, becauseitisnot profitable
to one of the firms. Hence, the white areas of figure 1 represent regionswhere R& D cooperationis
socially beneficial,® but does not take place because it is privately unprofitable.

Sweknow that RV cartelization isalwayssocialy beneficial (unlessthereisoverinvestmentin R& D, whichisnot
the case here) because it increases R& D investments and diffusion.
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3. RJV cartdlization vs. R& D cartelization

This model also alows us to analyze the profitability of RV cartelization versus R&D
cartelization.* Under R& D cartelization, firms coordinate their R& D expenditures, but don’t share
any information, hence the spillover rate is not affected by cooperation. Letting thefirst stage take

place under R&D cartelization instead of RJV cartelization, yields the following investment in
R&D:

(A=At A)+ B+ A-AF)-T (10)
972 + (1~ 'BIﬂJ )2 - 710+ Zizlﬂk (54, - 8)]

1
Here we are interested in the difference 77 -n°.

Proposition 2. Firmi prefers R&D cartelization to RIV cartelization when 4 is high, with the
critical value of g increasing in 4.

Figure 2 illustrates the comparison between 7, and =,°. We can see that firm 1 prefers
RJV cartelization to R& D cartelization when 3, is sufficiently low, and a lower 3, is required the
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Figure 2 RJV cartelization vs. R&D cartelization

lower is ;. Theintuition is the same as for the comparison between R&D competition and RV
cartelization. The only difference between the two cooperative scenariosis that RJV cartelization
involves information sharing, while R& D cartelization does not. Hence, when 3, ishigh and 3, is
low, firm 2 is aready benefitting substantially from the technology of firm 1, but firm 1 is not

“Thedetailed analysisof R& D cartelizationwith asymmetric spillovers, aswell asthe comparison of itsprofitability
with R& D competition, has been performed in Atallah (2005a), and hence is not taken up here.
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getting asubstantial benefit from the diffusion of firm 2'stechnology; hencefirm 1 prefersthe shift
toRJV cartelization, so that information sharingisequalized. Moreover, because R& D cartelization
involves joint profit maximization, the region where R&D cartelization is preferred to RV
cartelization islarger than the region where R& D competitionis preferred to RJV cartelization. By
symmetry, firm 2 prefers RV cartelization to R& D cartelization when 3, is sufficiently low.

We can see from figure 2 that both firms prefer RJV cartelization in an area around the
positively sloped diagonal, the width of which shrinks as spillovers increase. Outside this region,
one of thefirmswould prefer R& D cartelization. Given that RJV cartelizationisa“fuller” form of
cooperation -because it involves an additional component, information sharing-, the agreement of
both firms is likely to be required to shift from R&D cartelization to RJV cartelization. This
agreement is unlikely to be obtained outside the shaded region in figure 2 (again, even thoughiit is
socially beneficial).

It is useful to contrast the effect of spillover asymmetries on the profitability of R&D
cartelization (studied in Atallah, 2005a) vs. RJV cartelization (studied here), sincethese arethetwo
main typesof R& D cooperation studied intheliterature. Figure 3illustratestheregionswhere R& D
cartelization is profitable to both firms under R& D cartelization (relative to R& D competition).

0.15 0.85
1 . :
0.85 A 085
h
0.15 A L0615
' 085 1
0 015 6,

Figure 3. R&D cartelzation vs. R&D competition

Shaded areas: m®er > m® and Mm% > 7

Source: Atallah (2005a)

Under R& D cartelization, cooperationismutually beneficial when spilloversareeither close
to being symmetric or are very asymmetric. In contrast, with RIJV cartelization (figure 1),
cooperation ismutually beneficial in a spillover region around the positively sloped diagonal, that
is, when spillovers are not “too asymmetric”. Hence RJV cartelization is compatible with low or
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intermediatelevelsof asymmetries, while R& D cartelizationiscompatiblewithlow or high degrees
of asymmetries. Moreover, theregionwhereRJV cartelization ismutually beneficial ismuch larger
thantheregionwhereR& D cartelizationismutually beneficial. By allowing for information sharing
and increasing diffusion and R& D, RJV cartelization creates awin-win situation and is sustainable
for a wider range of spillovers. Whereas, by simply focusing on eliminating duplication, not
encouraging diffusion, and sometimesreducing R& D (whentheaverage spillover rateissufficiently
low), R&D cartelization is much more conflictual, and more sensitive to spillover asymmetries.

4. Equilibrium configuration

Putting these pieces of information together, we can predict what will be the equilibrium
configuration for all spillover levels. The types of R& D interactions studied in this note differ by
their ease of implementation. While the literature does not offer a precise definition of the ease of
implementation, it is reasonable to expect that the more dimensions are involved in a type of
cooperation, the harder it will be to implement, and more explicit agreement will be required of al
participants. The easiest configuration to implement is R&D competition, since it requires no
communication and no agreement. R& D cartelizationismorecomplex than R& D competition, since
it requiresthe coordination of R& D expenditures; but simpler than RJV cartelization, sincethelatter
involves also information sharing. Henceforth, the agreement of both firmsis required to switch
from R& D competition to either R& D cartelization or RJV cartelization. Moreover, the agreement
of both firmsisrequired to switch from R&D cartelization to RIV cartelization.

The equilibrium concept used is noncooperative bargaining. This stage would precede the
R& D and output stages. Figure 4 illustratesthe bargaining structure. Firms have to choose the same
type of cooperation in equilibrium, asymmetric outcomes do not make sense here. Firms start, by
default, at R& D competition (thisisthe no agreement outcome). Firms determinewhether they want
to go from R& D competition to R& D cartelization. The agreement of both firmsisrequired for this
move, and each firm will agreeto it iff it increasesits profits. If yes, firms then determine whether
they want to go from R& D cartelization to RJV cartelization or not; if both agree, the equilibrium
iISRJV cartelization, otherwiseitisR& D cartelization. If the move from R& D competitionto R& D
cartelization isrejected by at |east one of the firms, firms consider the option of moving from R& D
competitionto RJV cartelization. If both agree, RV cartelizationistheequilibrium, otherwise R& D
competition is the equilibrium. This bargaining structure ensures that any move taken is mutually
profitable to both firms.®

>The followi ng is an aternative set of rules which leads exactly to the same outcomes:
-If R&D competition is the first choice of at least one firm, R&D competition is the equilibrium.
-If thefirst choices of both firms coincide, this choice is the equilibrium.
-Any choicethat isranked below R&D competition for any firmis eliminated, and the previous two rules are applied to the
remaining choices.
-If one firm prefers R&D cartelization to RV cartelization, while the other firm prefers RV cartelization to R&D
cartelization, and R&D competition isin third place for both firms, then the equilibrium is R&D cartelization.
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EIV cartelization

Tes
Go from E&D cartelization
to BTV cartelization
Yes Mo
Go from B&D competition E&D cartelization
to E&D cartelization
1o RIV cartelization
Tes
Go from E&D competition
to BTV cartelization
Mo
E&D competition
Figure 4. Bargaining structure

Figure 5 illustrates the equilibrium configurations in the spillovers space. In the white
regions, at least one of the firms prefers R&D competition to either R&D cartelization or RV
cartelization. Given that the other firm cannot “force” it to cooperate as R& D competition isthe no
agreement configuration, the equilibriumintheseregionsisR& D competition. Intheblack regions,
both firms prefer R& D cartelization to R& D competition, and at least one of thefirms prefersR& D
cartelization to RJV cartelization. Hence firms agree to cooperate, but one firmis not interested in
information sharing, and cannot be forced into it by the other firm; therefore, the equilibrium is
R& D cartelization. Inthegrey regions, both firms prefer RJV cartelization to R& D competition and
R&D cartelization, hence RJV cartelization is the equilibrium.

It can be seen from that figure that RJV cartelization is the equilibrium for relatively
symmetric spillovers, R& D cartelization isthe equilibrium for very asymmetric spillovers or when
both spillovers are asymmetric but closeto 1, while R& D competition is the equilibrium when the
level of asymmetry isintermediate. Thereisanon-monotonic relationship between the complexity
of R& D agreements and spillover asymmetries.

Proposition 3. When firms choose between R&D competition, R&D cartelization, and RV
cartelization, the equilibriumis:

-RJV cartelization when the degree of asymmetry in spilloversislow;,

-R& D competition when the degree of asymmetry in spilloversis intermediate;

-R& D cartelization when the degree of asymmetry in spilloversis high (and also when spillovers



are asymmetric but close to 1).

'ﬁl
Figure 5. Equilibrium configurations

R&D cartelization EJV cartelization E&D competition

5. Conclusions

It was shown that afirm prefers R& D competition to RJV cartelization if its spillover rate
issufficiently low and the spillover rate of itscompetitor is sufficiently high. Asfor the comparison
between RJV cartelization and R&D cartelization, a firm prefers RJV cartelization when the
spillover of its competitor is sufficiently low. The equilibrium is (RJV cartelization, R&D
competition, R& D cartelization) for (low, intermediate, high) spillover asymmetries.

Under symmetric spillovers, RJV cartelization isalways preferred by al firmsto both R&D
competition and R& D cartelization. Neither of these results holds when spillovers are asymmetric.
Moreover, thereis a significant range of spillovers where firms don’'t agree on R&D coordination
and/or information sharing. Ongoing research by the author aims at devel oping more sophisticated
information sharing schemes, which take into account initial asymmetriesin spillovers, and which
would make R& D cooperation incentive compatible for awider range of spillovers.

Appendix
Proof of Proposition 1.

When comparing profits between any two settings, the s.0.c. must be satisfied for both settings.
Moreover, from (6), the nonnegativity of X requires
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Consider the profitability of RIV cartelization relative to R& D competition for firm 1 for extreme
spillover values.

_12(A-a)*(3y - Dy
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(12), (13), and (14) require y>4/9, which is true by (11).
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(15) requires y>2/3. But thisis true since
2[00~ 277/ _ 157+ 2 (16)

iff y>2/3.

Similar conditionshold for firm 2, with theroles of 3, and 3, reversed. Equations (12) through (15),
along with the continuity of the profit functions, imply Proposition 1.

Proof of Proposition 2.

Thes.o.c. under R& D cartelization was not derived above, but it is easy to verify that it is given by

F(m+rm) 2

&ﬂz —§[5+:Bi(518i_8)_97] <0 (17)
We have that
c car S(A_ a)Z 4

(78 - 7)) =30 (18)

because y>4/9. ©0 BlyT-asy+a
(7 =) ., = (19)
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which requires y>1/2. But from (17)

d(my+7,) _ 10
8)(—5 a0 =g~ 2y <0 21)
which implies y>5/9.
¢ _ . Rear _ (A—a)27(37—1)
R O A [(ESTCot (22)

which requires y>0.59. But thisis true since

(A-a)y ., 23)

Rear
X = "7
s 92 -7y +1

requires y>0.59.
Similar conditions hold for firm 2, with the roles of 8, and 3, reversed. Equations (18), (19), (20),
and (22) along with the continuity of the profit functions, imply Proposition 2.
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