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1. INTRODUCTION 

It is well known that technological spillovers may limit the 

appropriability of innovative investments. Information that results from 

research and development (R&D) activities may leak to existing and 

potential rivals and such transfers may be involuntary to some extent. 

Innovative efforts consequently enhance the profitability of the 

innovator to the detriment (benefit) of rival returns, if technological 

spillovers are not too large (too small). Cooperation in research and 

development activities or research joint venturesl may facilitate the 

realisation of scale economies and may allow firms to neutralize or 

internalize the negative or positive externalities that result from 

spillovers. It is well known that such strategic partnering activities 

have proliferated both nationally and internationally in the 1980's and 

have proved useful in reducing costs, risks and uncertainties of 

knowledge production. 

Stability of R&D cooperation is however not self-evident while many 

agreements appear to include a few members, even though more numerous 

memberships have been reported as well2. It could be that alliances or 

joint ventures are only experiments to collect information and to learn, 

or perhaps they entail too high transaction costs for longer or more 

extensive cooperation to evolve. But also market competition may provide 

an explanation of these phenomena. Horizontal output or price agreements 

between firms may indeed not be advantageous or stable because of 

strategic reactions of non-participating rivals (see Jacquemin and Slade 

(1989) for a review). But cooperation in R&D typically tends to involve 

technological spillovers and externalities and may be connected with more 

1 There is a steadily growing analytically oriented literature on 
cooperative R&D, see d' Aspremont and Jacquemin (1989), De Bondt and 
Veugelers (1991), Motta (1991), Kamien et al (1991) and the references 
cited therein. 
2 See e.g. Jacquemin a.o. (1985) and Mytelka (1991) on European examples 
and evidence. Useful descriptions and references on joint R&D between 
rivals in Japan and the U.S.A. can be found in e.g. Ouchi and Bolton 
(1988) and Sinha and Cusumano (1991). 
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involved complex organisational mechanisms and firm strategies and the 

question then is to what extent this influences the stability and size of 

coordinated R&D efforts. Although transaction cost, strategic behavior 

and organization ecology explanations of mortality rates of joint 

ventures are not lacking, it seems likewise clear that many a priori 

reasonable hypothesis tend to be contradicted by careful empirical work, 

perhaps because simple specifications tend to disregard the relevant 

influences (Kogut (1988)). 

More detailed insights into the determinants of stable cartels 

should, in other words, perhaps provide some results on the comparative 

statics of stable sizes. In the context of collusive price leadership 

such results were already obtained by Donsimoni et al (1986) within a 

framework introduced by d'Aspremont et al (1983). They showed that unique 

stable sizes exist, as long as firms are not too cost-efficient relative 

to the market demand. Otherwise, industry sizes exist for which two 

cartel sizes are stable one of which comprises all firms in the industry. 

The main intention here is to report on the similar particular tedencies 

that apply to the sizes of stable R&D cartels. 

Firms are envisaged to be engaged in R&D activities that reduce 

constant unit production cost, with exogenous technological (intra

industry) spillovers. They may join an R&D cartel, or may continue to 

compete in the fringe, but all firms in any case compete in output a la 

Cournot-Nash. In symmetric settings the profitability of the firms in the 

R&D cartel will be lower than the profitability of the fringe firms, 

although the profitability of the insiders tends to improve as they 

become more numerous. Computer simulations reveal the relevance of both, 

industry size, intra- industry spillovers, market demand and R&D 

efficiency for, among others, complete industry cooperation, to be 

stable.Tendencies on the static welfare impacts will be detailed as well. 

A following section presents the computation and comparison of the 

innovative investments, after which the issues of profitability and 

stability of cooperative R&D will be looked at. The final paragraphs 

discuss some welfare implications and conclusions. 

2. THE INNOVATIVE INVESTMENT STRATEGIES 

Profit maximizing firms compete a la Cournot-Nash in the product market 

and invest in process-oriented innovative activities that reduce their 
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unit production cost. The amount of cost reduction that they will 

achieve depends not only on their own efforts, but also on the knowledge 

and know how that they "receive" from other industry members through the 

intra-industry spillovers. 

The only asymmetry that may exist in the industry is that member 

firms may possibly have different objectives, since they may or may not 

choose to coordinate their investments. Of the n firms in the industry, k 

firms may decide to form an R&D cartel, while n-k fringe firms continue 

to choose simultaneously their innovative efforts. For notational 

purposes, k-1 means that all firms choose Nash investments, while k-n 

means industrywide R&D cooperation takes place. Insiders of the R&D 

cartel play Nash against outsiders and choose efforts to maximize the 

joint profitability of all cartel-members. Fringe firms maximize their 

own profits and play Nash against the other outsiders and the R&D cartel. 

All innovative efforts are chosen by perfectly anticipating the 

subsequent Cournot-Nash competition between all of the firms in the 

industry3. 

The industry and technological environment is specified by following 

d'Aspremont and Jacquemin (1988). Firms produce homogeneous goods in 

quantities qi, for a market demand that is linear : p = a - b ~ qi, with 

a and b positive parameters. The unit production costs ci are not 

affected by output and decrease with innovative investments xi: ci- c -

[xi+ B ~j], ifj, with c the initial nonnegative unit cost (c <a) and B 

the exogenous intra-industry spillover parameter (0 ~ B ~ 1). 

The channels of information exchange and spillovers can be diverse 

and include, licensing technology, patent disclosures, publication or 

technical meetings, conversations with and hiring of R&D employees, 

reverse engineering as well as independent R&D to improve on the 

absorption capacity of the receiving firm4. Leakages will be considered 

to be symmetric and reciprocal and to reflect both the extent of the 

information transfers and the absorption capacities of the firms in the 

industry. Cooperative arrangements may allow better information exchange 

than with rivalry between firms, but any such spillover asymmetries will 

3 Sinha and Cusumano (1991) analyse likewise a dichotomous industry 
setting, in which complementarities between cooperating firms enhance the 
probability of discovery, while winners license to losers. They do not 
study, however, the stability issues raised hereafter. 
4 See Levin a.o. (1987). Input suppliers, universities and technical 
societies may enhance spillovers as well. 
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be ignored here. This allows to highlight the strategic implications of 

technological spillovers with various modes of conduct and, moreover, 

sharing of information and coordination of research and development may 

not necessarily imply better or perfect spillovers. Personnel of firms 

in the R&D cartelS may, for example, compare notes on new technologies, 

quality control processes, management concepts and computer applications. 

But this need not necessarily result in perfect spillovers, given 

difficulties in compatibility and communication, and differences in 

absorption capacities, company culture and organisation. 

The R&D costs are a quadratic function of the R&D efforts so that 

the payoffs per firm can be written as Vi= wi-(r/2)xi2• with Wi==(p-ci)qi 

the profits from production and r a positive parameter that decreases as 

the productivity of the research activities increases. Cournot-Nash 

rivalry in the product market implies that wi - bqi2• with qi the 

equilibrium output levels that are dependent on the realised innovative 

investments 

qi -= Z + A.Xi + B. ~ Xj i==l, ... , n i=fj (1) 

with 

(a-c) n(l-.B)+.B 2.8-1 > < 
z liE > 0, A IE > 0, B • 0 as .B ... 1/2 (2) 

(n+l)b (n+l)b (n+l)b < > 

Firms choose the R&D effort by perfectly anticipating the resulting 

output levels given above. Their payoffs differ depending on whether they 

do or do not coordinate the efforts with others. The k members of the R&D 

cartel choose their efforts independently from the n-k outsiders, so as 

to maximize the joint profits of the insiders. The best symmetric cartel 

response xC to the symmetric fringe investments xf is therefore : 

Z.C+ (c2 -r').xc + C.B. (n-k).xf- o (3) 

with 

r·- rj2b and c E A+(k-l).B > 0 (4) 

5 The terminology "R&D cartel" is used to emphasize the assumption that 
spillovers remain unchanged for the cooperating firms. In an "R&D joint 
venture", perfect spillovers among the members would apply (Kamien et al 
(1991)). Baumol (1991) provides an interesting analysis of the stability 
of "technology sharing cartels", with perfect spillovers among otherwise 
competing firms. 
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and [A2+(k-l).B2)-r']<O a necessary second- order condition and assuming 

(c2-r· )<O. 

The fringe rivals choose their sequential Nash strategies inde

pendently from the R&D cartel and all other outsiders. The best symmetric 

respons xf to the cartel members' investments can be verified to be 

ZA + (A2-r•)xf + AB (n-1-k)xf+ AB kxc- 0 

for any of the n-k fringe, ~(n-1) and (A2-r')<O. 

(5) 

The symmetric equilibrium investment levels are found by solving (3) 

and (5) simultaneously, yielding 

zc [A(B-A)+r'] 1 o 

and (6) 

ZA [C(B-A)+r'] 1 o 

with 

(7) 

The notational convention is that xf-xc for k-1. The levels of firms' 

output q and realised profits V can be derived from the optimality 

conditions and the appropriate definitions, with : 

and 

(8) 

The sufficiently large magnitudes of r• are assumed that assure a 

positive value of D and positive investments, outputs and profits. 

The interpretation of this setting can start with the observation 

that innovative investments inflict positive (negative) externalities on 

rival's profits if spillovers are larger (smaller) than 112, since 

i + j (9) 

noting the definition of B given in (2). As is well known by now, these 

side effects drive the difference in efforts with cooperative and 

competitive conduct. A firm in the R&D cartel spends more (less) on cost

reducing innovation than the fringe firms, if and only if the 

technological spillover B is larger (smaller) than 112. Indeed it can 

easily be verified from the definitions (6) and (4) given above, that 
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> > 
sign (xc - xf) - sign (C - A) - sign (k-l)B 0 as B 1/2 (10) 

< < 

for any 1Q2.• 

This proposition generalizes the d' Aspremont and Jacquemin result 

(1988) - which also applies if the R&D cartel encompasses all industry 

members (De Bondt a.o. (1991)) - to the setting in which an R&D cartel 

only involves a limited number of firms and outsiders continue to 

compete· 

3. PROFITABILITY OF THE R&D COOPERATION 

R&D cooperation will improve on profitability if all firms in the 

industry coordinate their investments. But if only a limited number of 

rivals take part in such agreements while others continue to compete, the 

story is summarized by : 

Proposition 1 The profitability of the firms in the R&D cartel 
typically 6 is lower than the profitability of the fringe firms. 

The definitions of the profits of the fringe firms vf and of the cartel 

members vc given above in equation (8), allow to verify that: 

sign (Vf- vc) -sign ((k-l)B2)[(k+l)f' + ((k+l)A+(k-l)B)(B-A)] (11) 

The expression between square brackets can be rewritten as : 

[(k+l)(f'+A(B-A)) + (k-l)B(B-A)] > 0 for B<l/2, 

since for such spillovers B<O, while A>O and (f' +A(B-A) )>0 to assure 

positive investment and profits (see (6)). For larger spillovers and B>O, 

it is likewise possible to use the restriction (f'+C(B-A))>O, to give 

0< [f' + (A+(k-l)B)(B-A)] - [(k+l)f' + ((k+l)A+(k+l)(k-l)B)(B-A)] 

< [(k+l)f' + ((k+l)A+(k-l)B)(B-A) ], 

noting (4), (B-A)<O and 1e2•. 

Disadvantageous mergers (or cooperation) are well known in oligopoly 

theory following the early observation of Stigler (1950) "the major 

difficulty in forming a merger is that it is more profitable to be 

outside a merger than to be a participant". Even though the R&D cartel 

internalizes the externalities from the technological spillovers, the 

6 Typically means unless B-1/2 in case of which they are equal because in 
this razor's edge case B-0 and all strategic interactions disappear, see 
(2), (3) and (5). 
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fringe firms in the present setting also benefit from spillovers. With 

small spillovers outsiders benefit because they increase their investment 

and output in response to the contraction of efforts by the cartel 

members. With large spillovers, cartel members have higher efforts and 

this again has positive side-effects on the profitability of the 

outsiders. 

In the special case of an industry with three firms these tendencies 

can easily be detailed (Wu and De Bondt (1991)). The fringe rival 

performs better than the insiders in a two firm cartel with both small 

and large spillovers, although for different reasons with small 

spillovers, because of its positive reaction to the reduction in efforts 

of the cartel and with large spillovers because it free rides on the 

larger efforts of the cartel ! 

The impact of the size of the R&D cartel on the profits of 

respectively the insider and fringe firms can be summarized by 

Proposition 2 : (a) In industries with large spillovers (.B>l/2) 7, the 
profitability of an R&D cartel member improves as insiders become more 
numerous. This also tends to apply with smaller spillovers (.B<l/2), but 
an increase in the size of smaller cartels, may decrease insider profits 
in industries with very small spillovers and low R&D costs. 
(b) Fringe profits typically 8 benefit from increases in the size of the 
R&D cartel. 

The verification of this proposition begins with the computation of the 

partial derivatives of profits defined in (8), which gives after some 

tedious manipulations : 

sign (oVC/ok)- sign (B2) [k(n-k)AB+(k-l)(r•-c2)] > 0 for B>l/2 (12) 

sign (B2) [((B-A)A+r')k + ((B-A)C+r')(k-1)] > 0 (13) 

for B=fl/2. It is immediately clear that cartel profits increase with k 

for all B>l/2, since A>O and such spillovers guarantee B>O, while by 

assumption (r' -c2)>0. Restrictions 9 on the minimum magnitude of r• 

appear not to exclude that insider profits may also decline for small 

spillovers and very low R&D cost(r). The sign in (13) employs the 

restrictions on the parameter values (A(B-A)+r')>O and (C(B-A)+r')>O,that 

7 For B=l/2, B=O, see footnote 5 and (12). 
8 Unless B-1/2, see previous note and (13). 
9 The stability of the best respons of the cartel against the fringe 
firms appear to imply the most restrictive conditions on the minimum 
admissable values of r•. These do not exclude vc to decrease with k in 
the indicated circumstances. 
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are necessary and sufficient for positive investment and output (6) and 

necessary for positive profits (8) •. 

The tendencies of the previous propositions also apply in "simpler" 

settings (see d'Aspremont et al (1983)). They show the interests firms 

may have in the existence of an R&D cartel. But clearly, even though 

cartel members may wish to encourage outsiders to join the cartel, the 

latter may wish not to do so. A discussion on stability of R&D cartels 

therefore naturally emerges. 

4. STABILITY 

The stability of the R&D cooperation requires that both an "internal"

and an "external" stability condition are met. The definitions and proof 

of the following statements follow directly from the arguments in 

d'Aspremont a.o. (1983). Let vc(k) and vf(k) be the profits that the 

cartel and fringe members receive, respectively, when there are k firms 

in the R&D cartel. The cartel k is said to be internally stable if given 

k ~ 2 : 

vf(k-1) ~ vc(k) (14) 

so that no insider has an incentive to leave. The cartel is said to be 

externally stable if given k ~ (n-1) 

(15) 

so that no outsider has an incentive to join. By convention the industry 

wide cartel (k=n) is externally stable and the competitive setting (k=l) 

is internally stable. A stable R&D cartel of size k* is both internally 

and externally stable. 

The two previous propositions allow to establish that there always 

exist a stable R&D cartel size in industries with important spill,overs 

and also in settings with smaller spillovers, provided R&D costs ar not 

too low. Of course the main interest appears to lie in the 

characterization of the circumstances that determine the size k* of 

stable R&D cartel (see also Jacquemin and Slade (1989)). The present 

setting, although simple because of the quadratic payoffs, still appears 

to be too complicated to achieve this task. 
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By means of numerical simulation 10, however, it has been possible 

to characterize the size k* of a stable R&D cartel. Perhaps not 

surprisingly the effects differ rather importantly according to : 

- the magnitude of the spillovers (B); 

- R&D efficiency parameter r; 

- slope b (and thus price elasticity) of industry demand; 

the ratio (c/a), with c the initial unit production cost and a the size 

of the market (intercept of inverse industry demand curve). 

- number of firms n in the industry. 

The simulations reveal that the robustness of the dependence of k* on 

the number of firms in the industry n, crucially depends on the magnitude 

of (r.b) and (c/a). The effects, however, are different for industries 

with "large" spillovers (8>0.5) or "small" spillovers (8<0.5). 

4. 1. "Large" spillovers (B>. 5) . 

For the case of large spillovers, Figure 1 summarizes the general 

outlines of the curves that describe k*, the size of the stable R&D 

cartel, as a function of the number of rivals in the industry (8=.95). 

For a large spillovers and a large value of (r.b) stable sizes are 

small even with many rivals (Figure 1 A and B). The low R&D efficiency 

(high r) and low price elasticity (high b) 11 render the higher 

cooperative strategic R&D investments less interesting even though the 

cartel internalizes important externalities and notwithstanding that 

reactions of fringe firms to the cartel also are more costly. 

With sufficiently high R&D efficiency (low r) and or high price 

elasticity (low b) it is possible that both an industry wide cartel and a 

smaller size are stable (Figure 1 C) 12. Additional necessary conditions 

for this pattern are : 

- number of rivals (n) are not too large, 

- spillovers sufficiently large; 

-market relative to initial cost small (c/a large). 

10 The simulations were run with the aid of Turbo Pascal and a computer 
program that is available from the authors. 
ll The (absolute value ) of price elasticity of market demand is of 
course I epl==(l/b). (p/I:qi). The claim refers to an unchanged ratio of 
price to total output. 
12 The magnitude of r has in any case to be sufficiently large to ensure 
concavity, stability and positivity of investments and profits. 
Simulations indicate that this does not exclude the typical patterns 
reported. 
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In case that the market relative to total cost is large ( (c/a) small), 

only small stable sizes appear, even with 

(Figure 1. D). 

other conditions satisfied 

As the spillovers become only moderatly large , small values of k* 

may again appear even for low (r.b) combinations that with large 

spillovers allowed stable complete industry cartels. The pattern with 

stable industry wide cooperation may again be stable with similar 

necessary conditions but only if also (r.b) is lower. 

Clearly these findings are of particular interest since joint R&D 

arrangements among otherwise rival firms, typically involves work on 

generic knowledge on a "common problem", that is of use to all 

participating members and consequently is characterized by high 

spillovers 13 A majority of reported arrangements are comprised of a 

few firms, and A,B and C of Figure l is consistent with this observation. 

Some joint R&D among rivals comprises, however, more numerous members and 

conditions conductive to this pattern are reported here. A consistent 

observation with part D of Figure l, may for example be industry 

association efforts to produce common industry standard. Spillovers are 

very high and standards help to create an otherwise narrow market (a 

small relative to initial cost), while technological difficulties may be 

less demanding and hence R&D efficiency may be high (r low). Of course, 

all of this does not deny that other advantages (scale and strategic 

effects) or problems (transcation cost) of cooperation, may be equally or 

even more important in explaining observed sizes of collobaritive 

organizations. 

4.2. "Small" spillovers (.B < 0.5) 

In industries with small spillovers there are typical only small cartel 

sizes stable (k*-2 or 3). Major differences with the large spillover 

industries are that 

larger number of firm industries never tend to increase the size of k*; 

- actually the reverse tendency may apply, with a low (r.b) a smaller k* 

becomes stable as n increases 14 . 

13 See references of footnote 2. 
14 For low r.b and very large n there moreover is likely to be no stable 
size. Given the assumption of output competition in the second stage, the 
reported tendencies for low beta are the strategic investment analog of 
disavantegous merger phenomena literature (Salant, Switzer and Reynolds 
(1983)). 
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- the effect of c/a will tend be negligible. 

The analysis thus suggest that mergers seeking only market power, may 

also be disadvantegous if they focus on coordinating strategic R&D 

investments with rather small intra-industry spillovers and not too 

strong diminshing returns. The main reason continues to be that in such 

circumstances, outsiders can cheaply react to the reduction in 

investments by the cartel members. 

5. WELFARE EFFECTS 

It remains to be investigated how static welfare is affected by the size 

of the cooperative arrangement. Static welfare (W) may be defined as 

w ... bQ2/2 + 1£ (16) 

with b .Q2/2 the consumer surplus and Q industry output, Q - (n-k)qf + 

kqc, while industry producer surplus is 1£- (n-k)Vf + kVc. 

Figure 2 and 3 summarize numerical simulations and show that 

cooperation enhances static welfare if and only if spillovers are large 

(>1/2) (see d'Aspremont and Jacquemin (1990) and De Bondt and Veugelers 

(1991), Kamien et al (1991) and the references cited there). But some new 

interesting features emerge as well 

- static welfare increases (decreases) with the size k of the cartel, if 

and only if spillovers are large (small); but, 

as the number of firms in the industry becomes larger (smaller), 

largher cartel sizes are needed to preserve the same level of static 

welfare, if and only if spillovers are large (small). 

Cleary these tendencies are not without interest. The typical 

large interesting situation for strategic R&D, 

spillover industies. It was argued earlier 

profitability of cooperation increases as 

concerns 

that in 

the size 

of course 

such industries 

of the cartel 

increases, even though non-participants may free ride. According to the 

first tendency, static welfare will increase as well in the setting 

analyzed here. The second claim confirms this in the following sense : as 

the number of rivals increases there is need for a larger cartel size to 

preserve the same level of static welfare. The reason is that the 

simulations suggest that the static welfare advantage of given cartel 

size decreases the number of firms in the industry enlarges, if and only 

if spillovers are large. 
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The stable cartel sizes may also increase in size as the industry has 

more firms (see Figure 1), but the conditions where this can be expected 

to occur are somewhat limited, although perhaps broader than intuition 

may suggest. Rivalry in many innovative industries is for all practical 

purposes limited to numbers that are rather in the order of magnitude of 

5 or 10 than 50 or 100. The results here suggest that in the former case, 

high R&D efficiency and or elastic demand and large spillovers, may well 

create tendencies towards larger stable cartel sizes. In case that one of 

these conditions is not met, for example, low R&d efficiency or many 

rivals, only small cartel sizes are stable, even though larger ones would 

improve on static welfare. Government interventions that seek to promote 

R&D cooperation in industries with say many firms can be explained in 

part by the lack of natural market tendencies to stable cooperation, 

while static welfare may be served as well. In other words the analysis 

here provides both a positive and a normative dimension to these 

policies. 

6. CONCLUSIONS 

The existence of a stable R&D cartel size was investigated in industries 

where rivals are engaged in cost-reducing investments with quadratic 

payoffs and technological spillovers that are unaffected by the industry 

conduct. Larger sizes typically and especially with large spillovers 

enhance the profitability of cartels with more members, but also large 

intra-industry information exchanges, provide incentives to free ride on 

the efforts of the cartel. It consequently is not obvious that firms may 

want to join or may not want to leave a strategic R&D investment 

arrangement. 

Extensive simulation exercises were able to detect typical patterns 

on determinants of stable R&D cartel sizes. Particulary interesting is 

that large spillovers may overcome the free riding incentives and result 

in both large and small cartels to be stable. While this is not an 

unexpected result, it is of interest to emphasize that the anlysis also 

was able to point to conditions conductive to these patterns. These 

include a not too large market (relative to initial cost levels), a 

sufficiently high R&D efficiency of firms and/or a sufficiently high 

price elasticity, as well as a number of firms in the industry that is 

not too large ! 
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The static welfare effects point to possible benefits of larger 

cartel sizes, while more numerous firms in the industry tend to reduce 

the welfare benefits of a given size, if and only if spillovers are 

large. With small spillovers reverse tendencies apply. 

While these findings appear to enrich the understanding of deter

minants of cooperative stategic investments and their consequences, the 

framework analyzed is clearly not without limitations. It is not obvious, 

for example, that cooperation in investments will not stimulate cartels 

in output, which may be render the welfare effects less desirable. 

On the avenue to more robust and general results additional essential 

features will have to be looked at. The R&D investment activities may be 

characterized by technological and market uncertainty, as well as by 

asymmetric spillovers between firms within or outside the cartel. If 

cooperation on R&D is accompanied with perfect spillovers, for example, 

one would expect stability to be less problematic. 

The most immediate concern in our view however, concerns the 

extension towards more complex coalition structures. In the setting 

here, a smaller size of the stable R&D cartel, necessarily implies 

that the number of the fringe firms becomes larger. This does not allow 

to look at the incentives that outsiders may have to form a separate R&D 

cartel, given that there already exist other cooperative arrangements in 

the industry 15. Several industries appear to have various R&D cartels 

and while it may not be stable to have large R&D cartels, several smaller 

ones may well provide a stable configuration. And finally the 

organization of joint ventures or R&D cartels may require organisational 

mechanisms that are not fully understood. It can only be hoped that a 

full characterization of these industrial- and firm organsiations can be 

inspired by the findings reported here. 

15 Gabszewicz and Thoron (1991) raise this issue with respect to 
horizontal mergers and see also Shin and Yi (1991). A related issue is 
that firms may set up a different firm to coordinate investment in and 
production of new ventures (Veugelers and De Bondt (1992)). 
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