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Abstract

In this paper we investigate the strategic interaction between research and development

(R&D) cooperations and a subsequent merger. We �nd that there exist some mergers that

are induced by these cooperations, i.e. that would not exist otherwise. Moreover we �nd that

the relation between R&D cooperations and mergers is non-monotonic, and that the mergers

are only induced for intermediate costs of cooperating. It is important to note that when

�rms merge, a possible cooperation between them does not impact the results. Therefore it

cannot be argued that cooperations between two �rms are a �rst step for a merge.

We also conclude that a merger has always to be consented by some cooperating outsider,

and that this outsider will prevent a merge if the resulting �rm is too competitive.

In terms of wlefare, there are some socially undesirable mergers, that may be prevented

through a subsidy of the R&D cooperations, that makes mergers, relatively to cooperations,

more expensive.
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1 Introduction

Cooperation among �rms has always been a controversial issue in economics. On the one hand

it may lead to an improvement in technological e¢ ciency, but on the other hand it may reduce

market competition, and this may create large market ine¢ ciencies. The European Union law

protects �rm cooperation, as long as it is done under the scope of Research and Development

(R&D) activities, but is this always desirable? If �rms change their e¢ ciency one should rea-

sonably expect changes in the market structure, and these may be such that the �nal outcome

is worst under R&D cooperation, than under no cooperation. The aim of this paper is to inves-

tigate whether cooperation decisions, between �rms, may have some impact on the equilibrium

market structure.

There are many reasons for �rms to cooperate on R&D: resource sharing, risk diversi�cation,

complementarities in e¤orts, etc.. We will abstract from these issues as we want to focus on the

interaction of R&D and mergers, and not on the di¤erent paths or reasons of the R&D itself. The

claims that we will do will be on the consequences of R&D and not on their causes. In this paper

we consider a model with bilateral cooperations, on R&D, among �rms. We do this in a very

stylized way and use the social networks as the base framework. As noted by Westbrock (2007),

this is the natural framework for this issue, as a large share of the cooperations are bilateral

(in the period 2002-2005 less than 5% are multilateral). As this paper focuses on the R&D

cooperation among �rms, and how these potentially a¤ect the M&A decisions, we simplify the

R&D decisions, so as to highlight their role. We consider that a link between �rms constitutes

the R&D activity by itself. This is the framework used by Goyal and Joshi (2003).

There are industries where R&D capabilities are key assets of �rms, and therefore R&D

cooperations may have a large in�uence on the market organization. Cooperations may make a

�rm more attractible for others, or, on the other hand, may be a way to improve the bargaining

conditions on a merge. There are many possible e¤ects, and, to the best of my knowledge, this

has not been studied within this network framework.

In recent years R&D collaboration networks have been developed in several directions. Goyal

and Moraga (2001) highlight the interaction between market competition and the R&D network,

and �nd that, when operating in the same market, completely symmetric �rms may create stable

asymmetric networks structures. They do so in order to gain market power. These asymmetric

networks exhibit a dominant group structure and have been empirically recognized by Westbrock

(2010). This type of models, like Okumura (2009), Goyal and Joshi (2003) and Billand and
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Bravard (2004) all seek the relation between the R&D network formation and the nature of

the competition. They �nd that a dominant group structure is prevalent, when competition

is not too strong. When market competition is very strong (for instance price competition for

homogenous goods) then star networks seem to be stable. In our model we seek to relate the

R&D network formation and the market structure, for a given market competition. One can

think of this paper as a �rst step to a generalization of the previous ones, as our model nests

the previous, when mergers between �rms are prohibitive. In fact when merging costs are large

enough we replicate the results from Goyal and Joshi (2003).

There is a vast empirical literature on the impact of mergers on innovation of �rms. We are

concerned on the reverse implication, and some authors have explored this issue. Blonigen and

Taylor (2000) �nd a negative relation between R&D and the propensity to acquire, in a high-

technology industry, but only consider the R&D intensity, and not the possible collaborations.

Higgins and Rodriguez (2006) also �nd, in the pharmaceutical industry, that �rms with less

R&D productivity are more likely to be apart of a merger. Both these papers do not take the

network structure into account. On the opposite direction, Haeussler (2007) �nds that �rms with

more inter-�rm collaborations are more likely to enter into merger and acquisitions activity.

There are some papers that relate R&D cooperations and the sustainability of market collu-

sion. Cabral (2000) considers a model with R&D cooperations with complete spillovers and �nds

that �rms may reduce R&D e¤ort in order to sustain collusion in prices, also Martin (1995) �nds

that Research Joint Ventures make product market collusion more sustainable. This literature

di¤ers form what we do as we consider mergers between �rms, and not only market collusion.

More closely related to our paper Kabiraj and Mukherjee (2000), in a model that focuses on the

choice between independent or cooperative R&D, �nd that the probability of a merger between

cooperating �rms is much lower than of a merger between an innovating and a non innovating

�rm.

We contribute with a theoretical model that considers R&D links among �rms, and the

merger activity, followed by market competition. We �nd that the possibility to create R&D

cooperations enlarges the scope for M&A decisions, but also that, in some cases, R&D between

two �rms may avoid a merger, i.e. we �nd a non-monotonic relation between the two decisions.

We also note that mergers that are induced via R&D cooperations need at least one cooperation

with a non-merging �rm. This gives the outsider of the merger a veto power over it, and hence

the merger will only go through wile it is bene�cial for the outsider. Our main results depend

crucially on the size of the costs that �rms have to bear for each of the considered activities. For
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di¤erent costs, �rms may have the interest of inducing a particular kind of merge, or no merge

at all, and these costs will determine which are the stable R&D networks.

In section 2 we develop the model, and in section 3 we analyze the scope of the interaction.

Section 4.has a welfare analysis, and section 5 concludes. All proofs are in the appendixes.

2 The model

2.1 The setup

Our model is based on Goyal and Joshi (2003), where collaborations induce, per se, a decrease in

the marginal cost. In their model mergers are not a possibility, and the formation of collaboration

links is followed by competition in the product market. In the proposed model we consider an

extra interim stage, where �rms may decide to merge. The timing of the model is as follows: in

the �rst stage, �rms establish R&D links, in the second, �rms may decide to merge, by creating

the corresponding link, and in the last stage �rms compete à la Cournot.

To study these issues lets start by some networks terminology and de�nitions.

Let N = f1; 2; 3g be the set of ex-ante identical �rms. The pairwise relation between the
�rms is captured by the binary variable gi;j . Let gi;j = 1 denote the existence of a relation in

a network between �rms i and j, and gi;j = 0 the non existence of it. Note that gi;j = gj;i: As

we have two distinct networks, let gRD and gm be the matrixes that describe all the existent

pairwise relations of all �rms in N . Let also g + gi;j denote the replacement, in network g, of

link gi;j = 0 by gi;j = 1, and g � gi;j the converse, i.e. the replacement of link gi;j = 1 by

gi;j = 0. Further ahead we will use some speci�c networks, namely the complete, where gi;j = 1

for all i and j; the empty, where gi;j = 0 for all i and j; the star, where there is a unique �rm i

with gi;j = 1 for all j and the other �rms only have a link with the central one; and �nally the

dominant group where gi;j = 1 only for companies i and j.

Out interest is to study the strategic relation between collaboration and merging decisions.

In order to do so we will compare the di¤erent equilibria that may arise, for each possible

combination of merging and collaboration costs.

For the competition stage we will consider that the remaining �rms compete à la Cournot, as

this model predictions are close to the empirical observations, in terms of R&D network structure.

As we are in a three �rms case we will only allow a twofold merger, and therefore exclude the

grand coalition of this game. We do so in order to simplify the analysis, as it allows to highlight

the interaction between collaborations and mergers. We also consider that the competition
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authority would not allow �rms to merge until they reach a monopoly. Each of the �rms, either

two or three, seeks to maximize pro�ts, when facing a linear demand p (Q) = ��
P
i
qi.

The original marginal cost is 0, and engaging in R&D cooperation leads to a per cooperation

decrease in the marginal cost, 1. If in the last stage there are still three �rms, i.e. there was

no merge, then each of them has the following cost function:

Ci
�
gRD; qi; 0; 1

�
=
�
0 � 1ni

�
gRD

��
qi + ni

�
gRD

�
fRD; i = 1; 2; 3

where ni (gRD) is the number neighbors in the R&D network, qi is the quantity produced by �rm

i and fRD is the �xed cost per cooperation. In the second period, if some merger occurred, we

assume that production is allocated to the �rm with lowest marginal cost. Moreover we assume

that the R&D marginal cost reduction that possibly existed between the merging �rms, will be

substituted by a marginal cost reduction, that is due to the merge, 2. The cost functions are

now:

Ci
�
gRD; gm; qi; 0; 1; 2

�
=
�
0 � 1ni

�
gRD; gm

�
� 2mi (g

m)
�
qi+ni

�
gRD; gm

�
fRD+mi

�
gRD; gm

�
fm;

where ni
�
gRD; gm

�
=
P
j
gRDij � gRDij gmij are the remaining R&D marginal cost reductions, after

being substituted by the marginal cost reductions that are due to a merger, and mi (g
m) is the

number of neighbors of the merger network. In our setting this number is either 0, no merge,

or 2, when two �rms merge. Through out the paper we will consider that fRD � fm. This

assumption seems reasonable to us, as one should not expect a R&D project to be more costly

than a merger. In line with this idea we also consider that 1 < 2 re�ecting the idea that,

if there is some possible cost reduction when �rms cooperate, then, when joined, �rms should

be able to do at least as well. A good reason to sustain this assumption is that in joint R&D

projects one should expect moral hazard and free riding problems, and these should not exist

within a single �rm. Finally, and in order to ensure that marginal costs are never negative,

and also that �rms always produce a positive quantity we place the following restrictions on

parameters 0 � 1 � 22 > 0 and 2 <
��0
2 .

2.2 The market competition stage

We will use Subgame Perfect Nash equilibrium as the relevant equilibrium concept of the whole

game and hence solve it by Backward Induction. We start by analyzing the product market

competition stage. With the marginal cost and number of competing �rms determined in the
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�rst two stages, �rms compete in quantities in the last stage. By solving the Cournot game we

obtain the following equilibrium quantities for each company i:

qi =

��N
�
gRD; gm

�
ci
�
gRD; gm

�
+
P
j 6=i
cj
�
gRD; gm

�
N (gRD; gm) + 1

;

where N
�
gRD; gm

�
is �nal number of �rms competing in the market (either 2 or 3) and

ci
�
gRD; gm

�
is the resulting marginal cost of �rm i. The corresponding pro�ts, of the remaining

�rms will, hence, be

�i =

0B@��N
�
gRD; gm

�
ci
�
gRD; gm

�
+
P
j 6=i
cj
�
gRD; gm

�
N (gRD; gm) + 1

1CA
2

� ni
�
gRD; gm

�
fRD �mi (g

m) fm:

These pro�ts are net of the link costs, fRD and fm, but still have to be shared among the

participants of a merge, if one occurs.

2.3 The merger stage

As pointed out, in this stage �rms only decide wether or not to merge, and they will do so

anticipating the competition in the following stage, and taking the R&D network as given.

We assume that companies follow an exogenous sharing rule, namely the equal sharing of

the surplus. This rule attributes to each of the participants of the merger half of the net

surplus realized by the merged �rm, discounting payo¤s that the participants would realize by

themselves. Again, this choice was made for tractability. There is one more assumption for this

stage: when multiple equilibria arise, for instance when the equilibrium allows for more than

one merge, we assume that there is an exogenous rank between the possibilities, namely that

12 � 13 � 23. This allows to brake the multiplicity of equilibria that arises due to symmetry of
the �rms. If there are incentives for some speci�c pair of �rms to merge these will prevail, but

if we �nd ourselves in a world where all �rms would like to participate in a merger, then it will

we up to �rms 1 and 2 to engage in it. The impact on results is small, and will be highlighted

when present.

This stage is formalized as a second network game, but could also be seen as a coalition

formation game, as the structure of the network does not in�uence the result. Let �iji be the

�nal pro�ts, obtained by �rm i, when merging with j, and consequently sharing market pro�ts,

�ij . If no superindex is presented, then this means that no merge has occurred. The stability

concept that we will use through out the paper is based on the concept of pairwise stability.
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It will formally be de�ned later. In this case, where only one merge is allowed and where the

empty network is the starting point, it boils down to the following conditions. For i to merge

with j we must have that

�iji + �
ij
j � �i +�j and �

ij
i � �

ik
i and �

ij
j � �

jk
j for all i; j; k

and for no merge to be stable we have to have that

�iji + �
ij
j � �i +�j for all i; j:

These conditions are the same that Horn and Persson (2001) use when de�ning a dominance

relation between di¤erent possible market structures, when the set of possible market structures

is M = ff1; 2; 3g ; f12; 3g ; f13; 2g ; f1; 23gg.
Using the above notions, and taking the R&D network as given, it is now possible to obtain

the equilibrium of this second stage. For each of the four possible R&D network structures

(empty, one cooperation only, one center �rm collaborating with the other two and complete

network) the decision to merge or not may be di¤erent. These are summarized in the following

lemmas, which are illustrated in �gure 1.

For the remaining of the paper we adopt the following notation: if threshold fxRD depends

on fm it will be denoted fxRD (fm), and otherwise just f
x
RD.

Lemma 1 Following an empty R&D network, any two �rms will merge if and only if fm � fem:

It follows form this proposition that, if there is no possibility for cooperation, �rms will only

merge if the merger is not too costly. This threshold value for the merger cost is, obviously,

increasing in the marginal cost reduction due to a merger between �rms, 2 and does not depend

on the cooperation cost fRD as cooperations are not used. Note that below this threshold any

two companies would merge, and therefore we apply our rule, that chooses the 12 merge, among

the set of possible equilibria.

Lemma 2 Following a dominant group R&D network, cooperating �rms will merge if and only

if fm � fd1m (fRD) and fRD � fd1RD: A merge between a cooperating and a non cooperating �rm

happens if and only if fRD � fd1RD and fm � fd2m :

When both the merging costs and the cooperating costs are low we will have a merge between

a cooperating �rm and a non cooperating �rm. There are two aspects that companies take into

consideration: how to share the joint pro�ts, and how large these pro�ts are. When merging
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with a non cooperating �rm, a cooperating �rm will have an advantage in the pro�t sharing, as

it will have a lower marginal cost. The R&D cooperation is a way to achieve a better bargaining

position. Moreover, in this situation, there will be larger gross pro�ts for the merging �rms. As

long as the R&D �xed cost is low enough, this will yield a better net position for the merging and

cooperating �rm. When the cooperation cost increases, �rms may �nd themselves in a position

where a merge between cooperators is more pro�table. There will be no bargaining advantage

of one over the other, but the cooperation link will be substituted, and this cost will be avoided.

Lemma 3 Following a star R&D network, the two extremes merge if and only if fm � fs1m and

fRD � fs1RD. A merge between the center and one extreme happens if and only if fm � fs2m (fRD)
and fRD � fs1RD:

For this R&D network, the analysis is analogous to the dominant group one.

Lemma 4 Following a complete network, any two �rms merge if and only if fm � f cm (fRD) :

The threshold for a merge in the complete network exhibits a positive relation between the

merger and the cooperation costs. The intuition is again of the substitution of the R&D link for

a merger link. Cooperating may become so costly, relative to merging, that �rms would rather

bear a larger cost by merging, but also have the bene�t of a larger marginal cost decrease and

of lower market competition. Moreover, if the relative size of both links is kept constant, then

the merging decisions cannot change.

To construct �gure 1 we take a numerical example and draw the possible cases, given each

R&D network. The blue area represents the non merging conditions. The orange area is where

there is some merge that does not substitute any R&D link, and the yellow area is where some

previously cooperating �rms merge.
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Merger Stage

The question now is, for the di¤erent R&D and merging costs, and given the outcome in the

merging stage, which are the stable R&D networks?

2.4 The R&D stage

In this stage �rms can decide with whom they engage in R&D cooperation. They will do

so, knowing that for a given pair (fm; fRD) this decision will in�uence the merger stage, and

consequently the market competition. In order to study which are the resulting networks, we

�rst de�ne the stability concept that we use. It is based on the pairwise stability from Jackson

and Wolinsky (1996), but has an extra requirement. We allow for the �rms to severe all links

at once, and hence demand that they are better o¤ by not doing so.

De�nition 5 A network g is stable if:

1. For gi;j = 1, �i (g) � �i (g � gi;j) and �j (g) � �j (g � gi;j) ;
2. For gi;j = 0, �i (g) � �i (g + gi;j) or �j (g) � �j (g + gi;j) ;
3. For all i in N , �i (g) � �i (g�i) :

As referred above, this stability concept coincides with the dominant equilibrium market

structure from Horn and Persson (2001), for the set of possible market structures.

Proposition 6 If the merge cost is low, fm � fem, then no R&D network can prevent a merge.

For this region, whatever the R&D cost and R&D network may be, �rms will always want

to merge. This means that R&D cooperations can not be considered as substitutes for mergers.

If �rms want to merge then cooperations will not deter them. The underlying rational is that

if it is pro�table for �rms to merge, the path taken to get there is irrelevant, as it will still be

pro�table anyway on an ex-ante perspective. This does not mean that the R&D cooperations

are neutral. They give �rms di¤erent bargaining positions when merging, and therefore they do

have some consequences, but the �nal outcome is always the same. The R&D cooperations can

only in�uence the distribution of pro�ts. As we want to highlight the relation between R&D

and M&A we will focus on the other regions, where this it is not true that �rms will always

merge.

Claim 7 There are, at most, 9 di¤erent regions where a merger may exist, or not, depending

on the R&D network structure.
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The resulting areas are illustrated in �gure 2.

The nine regions

Given this claim, we have to analyze the R&D collaborations stability for each of these

9 regions. Each region is de�ned by di¤erent merging activities, which arise from di¤erent

underlying R&D networks. We can have, for instance, a region where following an empty

R&D network there will be no merge, following a dominant group network the two cooperating

�rms will merge, following a star network the center will merge with one of the extremes, and

following a complete network some merger will occur. Recall that these regions may include

multiple merger equilibria, that are broken down by our exogenous rule.

As the complete formal analysis of each of the 9 regions is quite cumbersome, we present

it in appendix 2. There we provide a full description of the thresholds that de�ne each of the

regions, as well as the stable R&D networks, and the consequent merger activity. These results

are obtained through the intersection of various conditions that arise from the willingness to

merge and the willingness to form cooperations, given the anticipated mergers.

The following propositions are based on these results, and we choose to present these, as they

are able to give us some intuitive results. All propositions make use of the thresholds de�ned in

appendix 2. In order to make things tractable we will take a numerical example, where we take

� = 20; 0 = 10; 1 = 0:4 and 2 = 0:75. These values, have shown to be quite general, and

o¤er a comprehensive analysis. After these general statements, we will allow for some changes

in the parameters, and check how the equilibria may change.

We start by analyzing the case where the merger cost is very large. In this case no merger

will occur because the only R&D networks that induce a merger are the ones where a R&D link

is substituted by a merger, but if merging is ex-ante not pro�table, they would not create this
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R&D cooperation in the �rst place. For this proposition we are considering what happens in

areas 4 to 7.

Proposition 8 If the merge cost, fm; is very large, such that for fRD = 0 all R&D networks

induce no merge, and:

1. fRD � f9RD; then the complete network is uniquely stable.
2. f9RD � fRD � f10RD then both the complete and the dominant group networks are stable.
3. f10RD � fRD � f2RD then the dominant group is uniquely stable.
4. f2RD � fRD then the empty network is uniquely stable.

If the R&D link cost is too large then is does not payo¤ to cooperate, and hence the empty

network is stable. There is an area where the dominant group is the uniquely stable. Here the

R&D costs are su¢ ciently small, but still too large for the complete network to be the most

pro�table. For an even lower R&D �xed cost, both the dominant and the complete networks

are stable. This happens because when players are in a dominant network they have no interest

in forming the intermediate structure, which would be the star, and hence never reach the

complete. On the other hand, if the initial situation is a complete network, then �rms would

rather stay as they are, and hence don�t create the star network, and also do not want to stay

as outsiders of the dominant group network. Below a certain threshold the complete is the

unique stable network, as it becomes very cheap to cooperate, and the pro�ts, gross of the link

costs, are increasing in the number of cooperations. This replicates the results of Goyal and

Joshi (2003), where merging is not a possibility. In their paper, as in this proposition, the

stable cooperations structures are the empty, the complete or the dominant group networks The

proposition is summarized in the following picture

Proposition 8

Corollary 9 If the merge cost is very large no strategic interactions between merging and co-

operating exist.
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This corollary follows immediately from the previous proposition. Note that �rms still coop-

erate, but they do so only for the sake of cooperation, as cooperations still achieve the purpose

of lowering marginal costs.

The following proposition describes the stable R&D networks, and the consequent mergers,

for a merge cost that will already induce some mergers, but is still relatively large. We are using

the analysis done for areas 3, 9, and parts of 6 and 7.

Proposition 10 If the merge cost, fm is intermediate1 and such that for fRD = 0 only the star

network induces a merge and:

1 fRD � f1RD then the complete network is uniquely stable.
2. f1RD � fRD � f2RD then the star (with all possible centers) and the complete networks are

stable.

3. f2RD � fRD � f3RD then the star (with all possible centers), the complete and the empty

networks are stable.

4. f3RD � fRD then the empty network is uniquely stable.

For a su¢ ciently large R&D cost �rms will not cooperate, and this implies that �rms will

not merge. Now consider a somewhat smaller R&D cost. There are multiple stable R&D

networks, namely the star, the complete, and the empty. As before, following an empty R&D

network, we will have no merge. Following a star network the extremes will merge, and following

the complete, by the exogenous rule, 1 and 2 will merge. Here we have the case where �rms

will engage in cooperation, in order to induce a merge. The proposition is summarized in the

following picture:

Proposition 10

1 In the right extreme of the considered interval of the merge cost, fm, there is also the possibility of the

domintant group network to be stable. This is a residual case, and the threshold is the same as in the previous

proposition.
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For a very low cooperation cost, all �rms will cooperate, but they will not merge. This

happens because it is better to just have the gains of cooperation, and bear that cost, and

not bear the relatively larger merger cost. For a larger cooperation cost a complete network is

also stable, but now it will induce a merger. This merger happens because now, for a larger

cooperation cost, �rms �nd it pro�table to substitute a cooperation by a merger. When the

cooperation cost grows too large, then the complete network is no longer stable, as �rms simply

do not want to bear the cost of cooperating.

For a very low cooperation cost no star network is stable, because, for the relative sizes of

cooperating and merging costs, �rms would rather cooperate, and create the missing link. As

seen before, �rms prefer to form the complete R&D network (that induces no merge), than be

at the extreme of a star and be apart of the merge. For larger cooperation cost this is not

true anymore, as �rms are now not willing to form this extra cooperation link. Here we have a

situation where a star cooperation network would induce a merger.

Take the situation of a very large cooperation cost. No �rm wants to cooperate (empty R&D

network), and this induces no merge. If this cost would be reduced, then the other two networks

would also become stable, for the reasons explained above. The empty network would still be

stable because cooperation is still too costly, and, for this merge cost, a single cooperation (that

creates a dominant group) would not induce any merge. This is a direct consequence of the

stability concept that is being used, that does not allow for more than one link creation.

Many of these arguments rely on the relative size of the merging and cooperating costs. It is

natural to ask if these relations still hold for a lower merging cost, where also a dominant group

R&D network would induce a merger. For this last proposition areas 2, 1, 8 and 7 are analyzed.

Proposition 11 If the merge cost, fm is low2 and such that for fRD = 0 both the star and the

dominant group networks induce a merge and:

1. fRD � f4RD then complete network is uniquely stable.
2. f4RD � fRD � f5RD then the star (with all possible centers) and the complete networks are

stable.

3. f5RD � fRD � f6RD then the star (with center 1) and the complete networks are stable.
4. f6RD � fRD � f7RD then the star (with center 1), the complete and the empty networks are

2 In the left extreme of the considered interval the complete network inducing no merge case does not exist.

Here the relative cost of a merge, when comparing with cooperation, is so low that �rms will never just want to

cooperate.
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stable.

5. f7RD � fRD then the empty network is uniquely stable.

The proposition is summarized in the following picture:

Proposition 11

The intuition for the complete and empty networks is similar to the one of the previous

proposition, and hence let us concentrate on the star network.

Start by considering a low cooperation cost. The reasoning is similar to the previous propo-

sition, for the �rst two intervals. In the third interval stars with center 2 and 3 are not stable

anymore. This is due to the possibility that these two �rms have of being a part of a dominant

group R&D network, and still be outside the merger (�rm 1 does not have this possibility due

to the exogenous priority rule). For a su¢ ciently large R&D cost they will prefer this situation

to the one where they are the center of the star, as this would also lead them no to be apart of

the merge, but pay one extra R&D link cost. Hence stars with centers 2 and 3 are not stable.

When the R&D cost is very large, then not even the star with center 1 is stable. Cooperating is

so costly now, that �rm 1 would rather delete all the links, and induce no merge, than provoke

a merger between the other two �rms, by cooperating.

From the previous two propositions one can infer the following corollary:

Corollary 12 If the merge cost is not too large, then the R&D cooperations may induce a

merger.

All the analyzed areas represent combination of cooperation and merging costs that would not

induce any merge, if cooperations were not allowed, but when these become a possibility, �rms

do construct a network of cooperations, that induces a change in the market structure. In some

sense, for all these regions the cooperation decision and the merging decision are complements,

14



as the existence of one facilitates the existence of the other. It is also important to note that

this does not happen always. There are combinations for which cooperations do not induce a

merger. This idea is summarized in the following corollary.

Corollary 13 If the cooperation cost is small, relative to the merge cost, then �rms cooperate,

but do not merge.

In this case cooperating represents such a small cost, that �rms cooperate as much as they

can, forming links with all the �rms, and in the end they do not want to merge. They will rather

stay as cooperators, as merging is relatively costly. In this case cooperations and mergers are

not complements anymore, but rather substitutes.

Note the non-monotonicity of the in�uence of the R&D decisions. In corollary 13, if the

R&D cooperation link is very cheap no merge is induced, and when this cost is very large also

no merge is induced. Firms are only able to induce a merge for intermediate values of the

R&D link cost. A very large cost induces �rms not to cooperate at all, and this results in no

merge. A very low cost induces �rms to cooperate as much as they can, and as this activity is

so cheap, they do not want to substitute it by a merge, and hence no merge is induced. This has

implication for policy makers. If mergers are, for some reason, to be prevented, then authorities

should either make cooperations very costly or very cheap.

One more point that is important to stress is that when a merge occurs then the resulting

market structure does not depend on the possible R&D cooperation between the merging �rms.

The consequence of this idea is that whenever the complete network induces a merge, then the

star network also does so, and induces the merge of the two extremes, i.e. the non-cooperating

�rms. This point is supported by Hagedoorn and Sadowski (1999), where the authors show

that there is no evidence that �rms cooperate in order to integrate themselves, and eventually

induce a merger. Mergers are induced through cooperations, but the fundamental ones are not

performed among the merging �rms.

3 The scope to induce a merger

The results from the previous section show that there is scope for the induction of a merger

through R&D cooperations, but one should ask how large this scope is, and how it depends on

the parameters. It is of interest to check what changes when some parameters change, as the

previous propositions were constructed for a particular numerical case.
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We consider how the propositions change, for a change in marginal cost reduction caused by

a merge, 2. Proposition 8, which describes the stable R&D networks for a very large merger

cost, does not change, as, when �rms do not merge, a change in 2 has no in�uence in the �nal

competition stage.

For propositions 10 and 11 this does not hold. In fact, all induced mergers have the necessity

of a collaboration link with some �rm that is not going to be apart of the merging �rms. The

incentives to form these necessary links are dependent on 2, and hence a change in the marginal

cost reduction due to a merger may have a large impact on the results.

Proposition 14 Take fm � fem (0; 2) : If the marginal cost reduction due to a merge is large
relative to the cooperation cost reduction, 2 � 1

8 (�� 0) + 1; then all stable R&D networks

will induce no merge.

When the marginal cost reduction due to a merger is relatively large, then Proposition 10

collapses to one threshold only. Above it only the empty network is stable, and below it only

the dominant group network is stable, both of which induce no merge. As stated above, for a

merger to be induced it is necessary for the non-merging �rm to cooperate with one, or the two,

merging �rms. In some sense, the �rm that stays outside of the merger has a veto power with

respect to it. By not cooperating with anyone, this �rm can avoid all mergers. The reason is

that an increase in the marginal cost reduction due to a merger, 2, makes the resulting �rm

of the merger very competitive, and this harms the outsider �rm. This �rm has a trade-o¤

between the bene�ts of cooperating and having smaller market competition on one hand, and,

on the other hand the e¢ ciency of the resulting competitor. For 2 large enough the competitor

is very e¢ cient, and hence the outsider does not want to induce the merge, and hence only the

cooperation structures that induce no merge will be stable. These are the empty network and

the dominant network, which is stable when it is not too costly to cooperate. For Proposition

11 the same reasoning holds, but now there is only one stable network, which is the empty R&D

network. Again it is the unique stable, as this is the only cooperation structure that induces no

merge.

From the previous proposition we learn that the mergers need the consent of the non-merging

�rm, but this is not enough. Mergers also need the consent of the merging �rms. When merging

becomes very costly, then the merging �rms are less eager to induce a merge.

Corollary 15 The lower bound of the R&D cooperation costs, fRD, below which �rms cooperate

but do not merge, is increasing in the merge costs, fm.
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From this corollary we see that the larger the merge cost, the easier it is to sustain cooperation

among �rms, without a inducing a merger. When the merge cost is very large we already know,

by proposition 8, that there will be no merge, but also when restricting the analysis to the

regions where a merge may be induced, a larger merge cost, and considering a low cooperation

cost, makes �rms less prone to merge, just because cooperating becomes relatively cheap.

This result is not extendable to the upper bound of the interval where a merge is induced.

Unlike before di¤erent values of the marginal cost reduction, represent di¤erent trade-o¤s This

makes the relation non monotonic and it is not possible to say that the larger the merge cost,

the lower the upper bound of R&D cost, above which �rms do not cooperate and do not merge.

4 Welfare Implications

The important question, regarding R&D activity, is whether or not it should be facilitated. In

our model R&D cooperations decrease marginal costs and are, therefore, welfare enhancing, but

on the other hand they may change the market structure and decrease competition, which could

harm welfare. It is also not clear the �nal e¤ect that a merger has on welfare. On the one hand

it also represents a increase in technological e¢ ciency, but on the other it results in smaller

market competition. Which is the best social outcome?

In our previous case, if the size of the costs were negligible, then the social e¢ cient outcome

would be one that induces a merge. There are various e¤ects with di¤erent directions. The

consumer surplus is reduced by the decrease in market competition, but this negative e¤ect is

countervailed by the increase in technological e¢ ciency of the companies. From the companies

point of view, a merger increases the pro�ts, due to the decrease in market competition and to

lower marginal costs. The total e¤ect is positive, and hence a cooperation structure that leads

to a merge is the socially e¢ cient network.

It is important, however, to take the cooperations and merge costs into account, as they are

major drivers of our results. We will thus consider di¤erent relative sizes of the cooperation and

merge costs, and verify if the stable equilibria correspond to the social optimum. Before going

into to the details note that when the merge cost is very large, and the stable R&D networks

induce no merge, then the social planner does not need to take into account the merger possibility,

and will subsidize cooperations only if the distortions created by the necessary taxing are smaller

than the gains from the improved technology. For these regions the analysis is straightforward,

and therefore we will concentrate on the areas where a merge may be induced.
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Proposition 16 For the numerical example3 as above:

1. If fRD � f1RD, then the social optimum coincides with the private one, where no merge

happens.

2.If f1RD � fRD � fWRD, then the social optimum di¤ers from the private one, where a merge is

induced.

3. If fWRD � fRD, then the social optimum coincides with the private one.

As stated in the proposition, there is only one area where the social optimum does not

coincide with the private one. In this case �rms induce a merge that is socially undesirable.

The increase in pro�ts does not outweigh the reduction in consumer surplus and the increase

of �xed costs, as cooperations are substituted by a relatively expensive merger. The �rst-best,

from the society�s point of view, would be to allow the cooperations, which would induce the

complete network and therefore maximum cooperation among �rms, and avoid the mergers. In

some sense �rms decide to substitute their cooperations by mergers too soon.

Take the situation where the merge cost is �xed. How should the cooperation cost be

in�uenced in order to improve welfare? If there is a su¢ ciently large increase in the cooperation

costs, �rms will decide not to cooperate, and hence not to merge. The socially undesirable

merger is avoided, but the socially desirable cooperations also. Firms will form the empty

cooperation network, which implies an even larger decrease in total Welfare. The other possible

choice is for the cooperation cost to be decreased by a su¢ cient amount. This reduction would

make cooperations so cheap that �rms would rather not substitute them by mergers. This way

the social optimum would coincide with the private equilibrium. Thus a movement towards

the social �rst best can be achieved by a reduction in the cooperation cost, and again the only

question that remains is whether the tax distortions are larger or smaller than the increase in

welfare.

5 Concluding Remarks

In our model we have analyzed the strategic interaction between R&D cooperations among �rms,

and their subsequent M&A decisions. We �nd that R&D cooperations may enlarge the scope

for mergers, as �rms are able to in�uence their technological e¢ ciency. However it is important

3For this numerical example there is a very small area where an empty network (that induces no subsequent

merge) is socially more e¢ cient than the private equilibrium that induces cooperations and a merge. As this

region is negligible and non increasing in changes in the parameters we opt not to include it in proposition.
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to note that the existence of the R&D cooperations does not reduce the scope of mergers, i.e. if

�rms �nd it ex-ante pro�table to merge, no cooperation can prevent it.

We also �nd that when cooperation costs are su¢ ciently low, relative to the merge costs,

then �rms do not substitute cooperations by mergers, whereas when the cooperations costs

are very large, relative to the merge costs, then no cooperation is created, and hence no merger

occurs. This represents a non-monotonic relation between the R&D cooperations and the merger

induction. The other important point is that a non-merging �rm has a veto power over the

possible merge, as a collaboration with the non-merging �rm is necessary for the merge to be

induced. The implication of this result is that induced mergers will only be possible if the

resulting �rm is not too e¢ cient, as this would harm the non-merging �rm.

In welfare terms we �nd that merging �rms substitute their cooperation by a merge too soon.

It would be socially more e¢ cient to subsidize R&D cooperations. Firms would then maintain

the cooperations for larger pre-subsidy R&D cost, and it would be possible to make the private

equilibrium coincide with the social optimum.
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A Appendix

In Appendix 1 we present the formal proofs of the propositions and the lemmas presented

throughout the paper. These are the most important results. In Appendix 2 we present the

claims, and their respective proofs, that formally de�ne the 9 regions under analysis.

A.1 Appendix 1

Proof Lemma 1. The threshold is de�ned by the di¤erence in pro�ts fem (0; 2) = �
ij
i

�
gRD

�
�

�i
�
gRD

�
= 1

18 (�� 0 + 42)
2 � 1

16 (�� 0)
2 ; where gRD is empty:

Proof Lemma 2. The thresholds for the merge for cooperating �rms are: fd1m (fRD;0; 1; 2) =

�iji
�
gRD

�
� �i

�
gRD

�
= 1

18 (�� 0 + 42)
2 � 1

16 (�� 0 + 21)
2 + fRD and fd1RD (0; 1; 2) =

�iji
�
gRD

�
��iki

�
gRD

�
= 1

18

h
(�� 0 + 1 + 42)2 � (�� 0 + 42)2

i
� 1
32

h
(�� 0 � 21)2 � (�� 0 + 21)2

i
,

where i and j are the cooperating �rms in the dominant group gRD.

The thresholds for the merge of a cooperating with the outsider are: fd2m (0; 1; 2) = �
ik
i

�
gRD

�
�

�i
�
gRD

�
= 1

18 (�� 0 + 1 + 42)
2� 1

32

h
(�� 0 � 21)2 + (�� 0 + 21)2

i
and fd1RD (0; 1; 2) =

�iji
�
gRD

�
� �iki

�
gRD

�
, where i and j are, again the cooperating �rms.

Proof Lemma 3. The thresholds for the merge of the extremes of the star are: f l1m (fRD;0; 1; 2) =

�iji
�
gRD

�
��i

�
gRD

�
= 1

18 (�� 0 + 21 + 42)
2� 1

16 (�� 0)
2+fRD and fs1RD (0; 1) = �

ij
i

�
gRD

�
�

�iki
�
gRD

�
= 1

16

h
(�� 0 + 41)2 � (�� 0)2

i
, gRD is a star network of cooperation and where

i and j are the extremes of this star.

The thresholds for the merge of one of the extremes with the center of the star are: fs2m (fRD;0; 1; 2) =

�iki
�
gRD

�
��i

�
gRD

�
= 1

18 (�� 0 + 1 + 42)
2� 1

32

h
(�� 0 + 41)2 + (�� 0)2

i
and fs1RD (0; 1) =

�iji
�
gRD

�
� �iki

�
gRD

�
, where, again, gRD is a star network of cooperation and where i and j

are the extremes of this star.

Proof Lemma 4. The thresholds for the merge of any two �rms in a complete network

of cooperation is f cm (fRD;0; 1; 2) = �iji
�
gRD

�
� �i

�
gRD

�
= 1

18 (�� 0 + 21 + 42)
2 �

1
16 (�� 0 + 21)

2 + fRD, where i and j are any two �rms and gRD is the a complete network.

Proof Proposition 6. The threshold fem (0; 2) is always smaller than f
d2
m (0; 1; 2),

fs2m (fRD;0; 1; 2) and f
c
m (fRD;0; 1; 2) that are de�ned in the previous lemmas. Hence all

stable R&D networks below fem (0; 2) induce a merger.

Proof Claim 7. To get these 9 regions it is enough to intersect all conditions from lemmas 1

to 4, and only consider the areas for which the merge cost, fm, is larger than fem:
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Proof Proposition 8. The thresholds are: f9RD = �i
�
gRD

�
��i

�
gRD

�
= 1

16

h
(�� 0)2 � (�� 0 � 21)2

i
,

where the the �rst network is the star network, and the second is a dominant group, where j

and k cooperate. f10RD = �i
�
gRD

�
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�
gRD

�
= 1

32

h
(�� 0 + 21)2 � (�� 0 � 21)2

i
, where

the �rst network is the complete network, and the second is a dominant group, where j and

k cooperate. f2RD = �i
�
gRD

�
� �i

�
gRD

�
= 1

16

h
(�� 0 + 21)2 � (�� 0)2

i
, where the �rst

network is the dominant network where i is cooperating, and the second is the empty network.

Proof Proposition 10. f1RD = �i
�
gRD

�
��iji

�
gRD

�
= 1
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2� 1

18 (�� 0 + 21 + 42)
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fm, where both networks are the complete network. f2RD = �i
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�
��i
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1
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i
, where the �rst network is the dominant network where i is co-

operating, and the second is the empty network. f3RD = �
ij
i

�
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��i
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18 (�� 0 + 21 + 42)
2�

1
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2� fm, where the �rst network is the complete network, and the second one is
the dominant group, where i cooperates.

Proof Proposition 11. f4RD = �i
�
gRD

�
��iji

�
gRD

�
= 1

16 (�� 0 + 21)
2� 1

18 (�� 0 + 21 + 42)
2+

fm, where both networks are the complete network. f5RD = �i
�
gRD

�
� �i

�
gRD

�
=

1
9

h
(�� 0 + 21 � 22)2 � (�� 0 + 1 � 22)2

i
; where the �rst network is a star, where i is

the center and the two extremes merge, and the second is dominant where i cooperates, but

is not in the merge that happens. f6RD = �iji
�
gRD

�
� �i

�
gRD

�
= 1

18 (�� 0 + 1 + 42)
2 �

1
32

h
(�� 0 � 21)2 + 2 (�� 0)2 � (�� 0 + 21)2

i
�fm, where the �rst network is a dominant

group, where i cooperates with k, and the second is the empty network. f7RD = f
d1
RD (0; 1; 2) =

�iji
�
gRD

�
� �iki

�
gRD

�
, where i and j are the cooperating �rms.

Proof Corollary 12. Follows immediately from the previous propositions.

Proof Corollary 13. The threshold below which the statement is true is f1RD = f4RD =

1
16 (�� 0 + 21)

2 � 1
18 (�� 0 + 21 + 42)

2 + fm, which depends positively on fm. Below it,

no �rm is willing to merge.

Proof Proposition 14. The last binding restriction for stability is of �rm 3, when the �rm

is a center of the star network, that induces a merger between the extremes. The restriction

is in order for this �rm not to severe all the links and induce the empty network, that induces

no merge. The threshold value for the cooperation cost is fRD � 1
18 (�� 0 + 21 � 22)

2 �
1
32 (�� 0)

2, and this threshold is smaller or equal than zero for 2 � 1
8 (�� 0)+ 1: For these

values of 2 not even the most robust merger inducing network is stable, and hence no merger

occurs.
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Proof Corollary 15. The lower bound is de�ned by the threshold f cm (fRD;0; 1; 2), that is

de�ned in the proof of lemma 4. This threshold is obviously increasing in fRD.

Proof Proposition 16. De�ne the threshold that makes the society indi¤erent between a

merge and a complete network with no merge fWRD =
15
64 (�� 0 + 21)

2�
1
18

h
(�� 0 + 21 + 42)2 + (�� 0 + 21 � 22)2 + 2 (�� 0 + 21 + 2)2

i
+ fm. As seem be-

fore for, for fRD � f1RD �rms choose to merge. If fWRD� f1RD > 0 then there is an interval where
it is not socially desirable to merge, and where �rms do so. It also implies that for fRD � f1RD
�rms only cooperate, which coincides with the social �rst best.

fWRD � f1RD = 11
64 (�� 0 + 21)

2 � 1
18

h
(�� 0 + 21 � 22)2 + 2 (�� 0 + 21 + 2)2

i
> 0, for

the numerical example. This result is robust to small changes in parameters.

A.2 Appendix 2

Stable R&D networks in region 1:

Claim 17 If i) no �rms merge after an empty R&D network, ii) ij merge after a dominant

group R&D network, where gRDij = 0, iii) ij merge after a star R&D network, where gRDij = 0,

and iv) ij merge after a complete R&D network, then:

1. the empty network is stable if fRD � f1RD (fm) or fRD � f2RD;
2. the dominant network is stable if fRD � f1RD (fm) and fRD � f2RD and either fRD � f3RD or
fRD � f4RD and either fRD � f5RD (fm) or fRD � f4RD;
3. the star with center 1 is stable if fRD � f5RD (fm) and fRD � f6RD and fRD � f4RD and

fRD � f7RD;
4. the star with center 2 is stable if fRD � f5RD (fm) and fRD � f6RD and fRD � f4RD and

fRD � f7RD and also fRD � f8RD;
5. the star with center 3 is stable if and fRD � f6RD and fRD � f4RD and also fRD � f8RD;
6. the complete network is stable if fRD � f7RD and fRD � f9RD and also fRD � f10RD (fm).

Proof. 1. The empty network is stable if either it does not payo¤ to form a link and

merge, above f1RD (fm), or to form a link and stay out of the merge, above f2RD: f
1
RD (fm) =

1
18 (�� 0 + 1 + 42)

2� 1
32

h
(�� 0 � 21)2 + 2 (�� 0)2 � (�� 0 + 21)2

i
� fm and f2RD =

1
9 (�� 0 + 1 � 22)

2 � 1
16 (�� 0)

2.

2. The dominant network is stable if the link is not severed, these are the two conditions

derived trivially from the previous point, and if no other link is created. The non creation

of another link is guaranteed if either it is better to be non merging in a dominant than non
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merging in a star, f3RD = 1
9

h
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i
or it is better to

be merging as an outsider in a dominant than in a star f4RD = 1
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2 �
1
32
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i
and also if either it is better to be in a

merging in a dominant than non merging in a star f5RD (fm) =
1
18

h
2 (�� 0 + 21 � 22)2 � (�� 0 + 1 + 42)2

i
�

1
32

h
(�� 0 + 21)2 � (�� 0 � 21)2

i
+ fm or it is better to be merging as an outsider in the

dominant than be merging in a star and we have again f4RD:

3. The star with center 1 is stable if the links are not severed. The �rst condition ensures

that the center of the star prefers to remain there, and not be transform it into a dominant

one where (as we are talking of company 1, and due to our exogenous rule) it would merge

with the outsider. The second condition ensures that the center of the star does not want to

severe both links and form an empty network f6RD = 1
18 (�� 0 + 21 � 22)

2 � 1
32 (�� 0)

2.

The third condition ensures that the extremes do not want to severe the link and become an

outsider of the dominant R&D. The fourth condition ensures the extremes don�t want to create

the complete network, because the it is better to be in a merge, than stay out of it in a complete

network f7RD (fm) =
1
18

h
2 (�� 0 + 21 � 22)2 � (�� 0 + 21 + 42)2

i
+ fm:

4. Obviously all the restrictions are the same, one just has to take into account that the �rm

may now be in a dominant group and not merge, when the others do so. This possibility did not

exist for �rm 1 due to the exogenous rule. That the �rm does not want to do this is guaranteed

by the last restriction where f8RD =
1
9

h
(�� 0 + 21 � 22)2 � (�� 0 + 1 � 22)2

i
:

5. For star with center 3 the condition for �rm 3 not to severe a link is that it is better o¤

being the center of star than being in a dominant R&D and not merging, i.e. fRD � f8RD: Not
severing all the links is also ensured by fRD � f6RD and the last requirement, fRD � f4RD is that
the extremes do not want to severe a link themselves, as all �rms are indi¤erent between this

network or the complete one.

6. For the complete network we have to ensure the �rst condition, where �rms are �rms

are better o¤ by being the outsider of the merge in the complete than by becoming an extreme

of the star, i.e. fRD � f7RD. Merging �rms should also be better o¤ in this situation than by

severing both links and becoming an outsider of a dominant group. This de�nes threshold f9RD =
1
18

h
(�� 0 + 21 + 42)2 � (�� 0 + 1 + 42)2

i
� 1
32

h
(�� 0 � 21)2 � (�� 0 + 21)2

i
. At

last we must have that the same is true for the non merging �rm, and hence f10RD (fm) =
1
18

�
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�
� 1
32

�
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�
+ fm.
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For the next proposition we consider the same problem, but consider a larger cooperation

cost. We will be in the area where a dominant group now induces a merger between the two

cooperating �rms, and everything else is as before. This is so because cooperation is now too

costly and both �rms in the dominant group now prefer to substitute their link by a merger.

These are the stable R&D networks in region 8.

Claim 18 If i) no �rms merge after an empty R&D network, ii) ij merge after a dominant

group R&D network, where gRDij = 1, iii) ij merge after a star R&D network, where gRDij = 0,

and iv) ij merge after a complete R&D network, then the empty network is the uniquely stable

network.

Proof. The dominant can not be stable because if �rms do not want to merge with no R&D,

and the R&D is fully substituted by a merge, �rms would not want to cooperate, as the �nal

outcome would be a merge.

The star network would be stable for fRD � 1
18

h
(�� 0 + 21 � 22)2 � 1

2 (�� 0 + 42)
2
i
�

1
2fm and fRD �

1
18

h
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i
�fm, which ensures that no �rm

wants to sever a link, and also for fRD � 1
18

h
2 (�� 0 + 21 � 22)2 � (�� 0 + 21 + 42)2

i
+

fm, which ensures that the complete network is not created. The intersections of these condition

with the conditions de�ning the considered area is empty.

The complete network would be stable for fRD � 1
18

h
2 (�� 0 + 21 � 22)2 � (�� 0 + 21 + 42)2

i
+

fm and fRD � 1
18

h
(�� 0 + 21 + 42)2 � 2 (�� 0 � 22)2

i
� fm and

fRD � 1
18

h
(�� 0 + 21 � 22)2 � (�� 0 � 22)2

i
, where all the three conditions guarantee

that no link is severed. Again the intersection of the conditions with the conditions de�ning the

considered area is empty.

As all are non stable, and at least one stable network has to exist, then it has to be the

empty one.

We can still further consider a larger cooperation cost, and this would lead us to an area where

both the dominant and the star network would induce a merger such that some cooperation link

would be substituted. We are analyzing region 7.

Claim 19 If i) no �rms merge after an empty R&D network, ii) ij merge after a dominant

group R&D network, where gRDij = 1, iii) ij merge after a star R&D network, where gRDij = 1,

and iv) ij merge after a complete R&D network, then the empty network is the uniquely stable

network.
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Proof. The proof for the dominant group network is analogous to the previous one.

The star network is also never stable because, for the considered region, the merging extreme

of a star would always want to severe a link, and become an outsider of a dominant group. The

threshold value for this not to be true is fm � 1
18

h
(�� 0 + 1 + 42)2 � 2 (�� 0 � 22)2

i
�

1
32

h
(�� 0 + 41)2 � (�� 0)2

i
, which does not intersect with the considered region.

The complete network is never stable because the non merging �rm would always prefer to

severe a link, and remain as non merging, but with one less link. The region for this not to be

true is fRD � 1
9

h
(�� 0 + 21 � 22)2 � (�� 0 + 1 � 22)2

i
, which does not intersect with

the considered region.

As all described networks are non stable, and at least one stable network has to exist, then

it has to be the empty one.

For the next proposition we consider a larger merger cost, such that we are now in region 6.

Everything else is the same as in the previous claim but now, as the merger cost is too large,

the dominant group would rather keep the cooperation link.

Claim 20 If i) no �rms merge after an empty R&D network, ii) no �rms merge after a dom-

inant group R&D network, iii) ij merge after a star R&D network, where gRDij = 1, and iv) ij

merge after a complete R&D network, then the empty network is the uniquely stable network.

Proof. The dominant group is not stable because in this region it is too costly too cooperate.

They would only do so if fRD � 1
16

h
(�� 0 + 21)2 � (�� 0)2

i
, which does not intersect the

considered region.

The star network is not stable because the merging extreme is better o¤ by severing their

link, as it is too costly to merge. The considered area is only de�ned for

fm � 1
18

h
(�� 0 + 42)2 + (�� 0 + 21 + 42)2 � (�� 0 + 1 + 42)2

i
� 1
32

h
(�� 0)2 � (�� 0 + 41)2 + 2 (�� 0 + 21)2

i
, whereas the condition for the merging

extreme not to severe the link (and become an outsider of a non merging dominant group)

is fm � 1
18 (�� 0 + 1 + 42)

2 � 1
32

h
(�� 0 + 41)2 + 2 (�� 0 � 21)2 � (�� 0)2

i
. The

di¤erence between these two thresholds is 10
9 

2
1, which implies that they never intersect, and

hence that the star network is never stable.

The complete network is also not stable. The reasoning is the same as in the previous

proposition.
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Again, as all described networks are non stable, and at least one stable network has to exist,

then it has to be the empty one.

The next case to be considered is where also the star network induces no merge, and every-

thing else is as before. We are in region 5.

Claim 21 If i) no �rms merge after an empty R&D network, ii) no �rms merge after a domi-

nant group R&D network, iii) no �rms merge after a star R&D network, and iv) ij merge after

a complete R&D network, then the empty network is the uniquely stable network.

Proof. The considered area is only de�ned for fRD � 1
16

h
(�� 0 + 21)2 � (�� 0)2

i
, and for

fm � 1
18 (�� 0 + 21 + 42)

2 � 1
16 (�� 0)

2 :

The dominant group network is never stable. The condition for the link not to be destroyed

is fRD � 1
16

h
(�� 0 + 21)2 � (�� 0)2

i
which does not intersect the considered area.

The star network is not stable. The condition that the extreme of the star does not want

to severe his link is fRD � 1
16

h
(�� 0 � 21)2 � (�� 0)2

i
, which again does not intersect the

considered area.

The complete is not stable. The condition for a merging �rm not to severe a link, and thus

become an extreme of a star is fm � 1
18 (�� 0 + 21 + 42)

2� 1
16 (�� 0)

2, which clearly does

not intersect the considered area.

As all described networks are not stable, and at least one stable network has to exist, then

it has to be the empty one.

In the following area we consider the case where no merge never happens. Independently

of the existing R&D network, the merge cost is so large that no merge takes place. The only

reason for �rms too cooperate, is the reduction in the marginal cost. It is region 4.

Claim 22 If, independently of the R&D network, no �rms merge, then:

1. the empty network stable if fRD � f11RD;
2. the dominant group is stable if f12RD � fRD � f11RD;
3. the star network is never stable;

4. the complete network is stable if fRD � f13RD:

Proof. 1. The empty network is stable if it is too costly to cooperate: f11RD =
1
16

h
(�� 0 + 21)2 � (�� 0)2

i
.

2. The dominant group can only be stable for values above below f11RD and above

f12RD = 1
16

h
(�� 0)2 � (�� 0 � 21)2

i
because otherwise both the outsider of the R&D and

one of the insiders would be willing to form the star network.
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3. The star network is never stable because in this area one of two things may happen. It is

better for the extremes of the star to create one more link, and form the complete network, or

it is better for one of the extremes to delete the link and become isolated in a dominant group

network.

4. The complete network is stable below f13RD = 1
32

h
(�� 0 + 21)2 � (�� 0 � 21)2

i
because otherwise the �rms would have incentive to severe all the links at once, and become an

outsider of a dominant group network.

Note that in the previous proposition f12RD � f13RD, which implies that the complete and the
dominant networks are both stable at the same time. More details on the intuition can be found

in Goyal and Joshi (2003).

The next proposition concerns the area where the only R&D structure that induces a merger

is the star network. This is region 3.

Claim 23 If i) no �rms merge after an empty R&D network, ii) no �rms merge after a domi-

nant group R&D network, iii) ij merge after a star R&D network, where gRDij = 0, and iv) no

�rms merge after a complete R&D network, then

1. the empty network is never stable;

2. the dominant group R&D network is stable if fRD � f14RD or fRD � f15RD;
3. the star network is never stable;

4. the complete R&D network is stable if fRD � f13RD:

Proof. 1. The empty network is never stable because this area is restricted to

fRD � 1
16

h
(�� 0 + 21)2 � (�� 0)2

i
and for these values of the cooperation costs it always

pays o¤ to at least form a dominant group cooperation.

2. The �rms in the dominant group network never want to severe the link, as the considered

region is always below the threshold fRD = 1
16

h
(�� 0 + 21)2 � (�� 0)2

i
, above which a

deletion would occur. The conditions for the stability are, hence, only concerning the non

creation of the star network. f14RD (fm) =
1
18 (�� 0 + 21 + 42)

2 � 1
16 (�� 0 � 21)

2 � fm
ensures that the outsider of the dominant group R&D does not want to become an extreme of

the star, and f15RD = 1
18 (�� 0 + 21 � 22)

2 � 1
32 (�� 0 + 21)

2 ensures that a �rm in the

dominant group does not want to become the center of a star.

3. The star network is never stable because for this area the extremes of the star will

always create a link, and form the complete network. The area is de�ned only for fRD �
1
16 (�� 0 + 21)

2� 1
18 (�� 0 + 21 + 42)

2+ fm, and the condition for the complete network
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not to be formed is exactly the complementary.

4. For the stability of the complete R&D network the binding restriction is to ensure that no

�rm wants to delete all the links, and become an outsider of the dominant group R&D network,

and hence is the same as in the previous proposition.

The next proposition concerns region 2, where both the dominant group and the star network

induce a merge, but both the empty network and the complete network do not induce a merge.

Claim 24 If i) no �rms merge after an empty R&D network, ii) �rms ij merge after a dominant

group R&D network where gRDij = 0, iii) ij merge after a star R&D network, where gRDij = 0,

and iv) no �rms merge after a complete R&D network, then

1. the empty network is stable if fRD � f16RD or fRD � f2RD;
2. the dominant network is never stable;

3. the star network is never stable;

4. the complete network is always stable.

Proof. 1. The empty network is stable if it is better not to induce the merge, from the point

of view of the one who will merge, or from the point of view of the one who stays out of the merge.

The �rst condition de�nes f16RD =
1
18 (�� 0 + 42)

2� 1
32

h
2 (�� 0)2 + (�� 0 � 21)2 � (�� 0 + 21)2

i
and the second condition de�nes f2RD =

1
9 (�� 0 + 1 � 22)

2 � 1
16 (�� 0)

2 :

2. The dominant network is never stable because it is restricted by the condition that ensures

that the merging insider of the R&D network does not want to become the center of a star, and

this condition does not intersect the considered area. The condition is fRD � f5RD (fm) and the
area is de�ned by fRD � 1

16 (�� 0 + 21)
2 � 1

18 (�� 0 + 21 + 42)
2 + fm.

3. The star network is not stable for the same reason as the previous proposition.

4. The complete network is always stable because the two conditions that have to be met

(not to severe one link and not to severe all links) are always both satis�ed in the considered are.

The �rst condition is coincides with the de�nition of the area, namely fRD � 1
16 (�� 0 + 21)

2�
1
18 (�� 0 + 21 + 42)

2+fm and the second one is fRD � 1
64

h
6 (�� 0 + 21)2 � (�� 0 � 21)2

i
�

1
36 (�� 0 + 1 + 42)

2 + 1
2fm, which includes the considered area.

The last area that we have to consider is the are where the star and complete R&D networks

induce a merge, but the empty and dominant group network do not. We are in region 9.

Claim 25 If i) no �rms merge after an empty R&D network, ii) no �rms merge after a domi-

nant group R&D network, iii) ij merge after a star R&D network, where gRDij = 0, and iv) �rms
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ij merge after a complete R&D network, then

1. the empty network is stable if fRD � f17RD;
2. the dominant group network is stable if f17RD � fRD � f14RD or f17RD � fRD � f15RD;
3. the star network is stable if fRD � f6RD and f14RD (fm) � fRD;
4. the complete network is stable if f14RD (fm) � fRD � f7RD (fm) :

Proof. 1. The empty network is stable if it does not payo¤ to cooperate, and this condition

de�nes f17RD =
1
16

h
(�� 0 + 21)2 � (�� 0)2

i
:

2. The dominant network is stable when no link is severed, and when no link is created. The

no severing condition is f17RD � fRD. The conditions for a link not to be created are the same

as in the area where only the star network induces a merger between the two extremes.

3. The star network is stable if it does not payo¤, for the center of the star, to severe both

links at once, and for the extremes of the star to severe their link. The �rst condition is f6RD =
1
18 (�� 0 + 21 � 22)

2� 1
32 (�� 0)

2 and the second is f14RD (fm) =
1
18 (�� 0 + 21 + 42)

2�
1
16 (�� 0 � 21)

2 � fm.
4. The complete network is stable if the merging �rms do not want to severe both links, which

corresponds tof14RD (fm) � fRD, and if the non-merging �rm does not want to severe one of his

links, which is ensured by f7RD (fm) =
1
18

h
2 (�� 0 + 21 � 22)2 � (�� 0 + 21 + 42)2

i
+

fm.
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