
Research Co-ordination and the Welfare Analysis of 
Co-operative Behaviour of Firms

Georg von Graevenitz

University College London 

Department of Economics 

October 2001

A Thesis submitted for the degree of Ph.D. 

1



ProQuest Number: U642399

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest.

ProQuest U642399

Published by ProQuest LLC(2015). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code.

Microform Edition © ProQuest LLC.

ProQuest LLC 
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106-1346





Abstract

In a Research Joint Venture (RJV) firms undertake joint research and coordinate their research 
strategies. To date most contributions in the industrial organisation literature neglect the ques
tion of research coordination in their models of RJVs.

In this thesis I model the coordination of research strategies, the sharing of technologies and 
investment in R&D by RJVs and non-cooperating firms. I undertake an explicit welfare eval
uation of the allocation of resources to research by RJVs and non-cooperating firms. I show 
that firms in RJVs often coordinate research more effectively than firms that do not cooperate.

I employ formal models which are supplemented with simulations whenever analytical results 
are not obtainable.

In the introductory chapter I review the welfare analysis of innovation and RJVs in the indus
trial organisation literature. I show that this literature has often employed misleading mea
sures of welfare. Finally I introduce and discuss the modelling approach pursued throughout 
the thesis.

In the second chapter I model the behaviour of firms that are able to differentiate their research 
strategies. I show that firms do not always choose to differentiate their research strategies 
maximally. I show that RJV formation reduces welfare, whereas RJVs that are provided with 
an R&D subsidy improve welfare. I undertake a simulation of the model to quantify the 
welfare effects identified.

In the third chapter I explore the welfare implications of costly absorptive capacity when 
modelling RJVs. I show how the cost of maintaining absorptive capacity gives rise to new 
welfare losses. I show that firms in RJVs invest in absorptive capacity more efficiently than 
non-cooperative firms.

In the fourth chapter I model the coordination of R&D when firms pursue identical research 
paths and coordinate the number of research facilities operated. I model variations in the 
competitiveness of product markets and show how this allows clear welfare predictions to be 
drawn. I simulate the model in order to illustrate the analysis and quantify the welfare losses.
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Chapter 1

Introduction and Literature Survey

In many industries firms persistently attempt to gain a competitive edge over competitors by 

reducing costs or improving the quality of their products. In order to be able to do this firms 

invest heavily in innovation.

At the same time governments have increasingly tried to foster the innovative success of their 

own economies vis a vis those of their trading partners, in the apparent belief that this improves 

the welfare of their peoples in the broadest sense. ̂

In turn economists are interested in innovation because of a desire to understand the effects of 

innovation on the structure and performance of industries and the desire to answer the question 

how innovation can be made to improve overall welfare most effectively. This latter interest 

in welfare improvements is often equated with the interests of government.^

Innovation as it is treated here is the discovery and development of commercially exploitable, 

more efficient manufacturing processes or products. This is a very narrow interpretation of

* The competitive motive inherent in technology policy is noted amongst other motives by Cameron et al. 
[1999] in their review of E.U. Science and Technology Policy . A greater stress on welfare can be found in the 
mission statement o f the National Science Foundation of the United States: ‘To promote the progress o f science; 
to advance the national health, prosperity, and welfare; and to secure the national defence.’

^This assumption may be misleading, as the pursuit o f optimal policies towards innovation may involve 
trade-offs between short term and long term gains, which governments do not necessarily make optimally. The 
treatment of optimal policy towards innovation by governments has so far been very abstract in most economic 
analysis. The beginnings of a literature which focuses on the incentive conflicts inherent in Science and Tech
nology policy can be found in Martin and Scott [2000] and Leahy and Neary [1997]
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LO INTRODUCTION

innovation However as the discussion below will show the model of innovation employed 

by economists is steadily becoming less restrictive.

In this thesis I focus on a narrow (if recently very active field within the economic study of

innovation. The three papers contained in this thesis extend a theory of Research Joint Ven

tures (henceforth RJVs) which is based on the contribution of Katsoulacos and Ulph [1998a] 

to this field. In that paper it is broadly suggested that firms undertaking R&D will seek to 

manipulate the degree to which their R&D can be useful to competitors. More specifically 

the paper endogenises the degree of technological spillovers between firms. The previous 

literature on RJVs in industrial organisation takes this as given^.

The central proposition advanced in this thesis is that the welfare results on R&D co-operation 

in this earlier literature on RJVs are misleading because it has so far failed to incorporate an 

analysis of co-ordination^ of R&D by firms into its models. I address this failure by modelling 

two aspects of R&D co-ordination and undertaking a welfare comparison of co-operative and 

non-cooperative decision making on R&D in the three main chapters of this thesis. I show that 

RJVs can contribute to welfare improvements in R&D provision by firms, but that optimal 

policy in the context of RJVs is likely to be more complex than has so far been suggested.

While Katsoulacos and Ulph [1998a] endogenize the level of spillovers and introduce a notion 

of research design into their model, they do not endogenize the complementarity of firms’ 

research paths. The notion of co-ordination as it is developed in this thesis has a more imme

diate precursor in co-ordination on the organisation of R&D as developed in Katsoulacos and 

Ulph [1999]. In the fourth chapter below this aspect of co-ordination is further investigated^.

broader treatment o f innovation can be found in Wiener [1993]. The social costs and consequences of 
appropriability as described by Spence [1984] (and below) are set out in non-economic terms there.

'’Amir [2000] notes that d‘Aspremont and Jacquemin [1988], one of the seminal papers in the RJV literature, 
has been cited more than 75 times in 10 years.

^The literature I refer to here is that following on from the papers by d‘Aspremont and Jacquemin 
[1988],Kamien et al. [1992] and Suzumina [1992].

^Co-ordination refers here to firms’ choices about how the directions o f their R&D activities relate to one 
another and or how the R&D is organised. In many contributions to the literature on RJVs co-ordination refers 
only to joint profit maximisation where firms determine their investment in R&D. Although I also assume that 
firms in RJVs do this, I do not refer to it as co-ordination.

^A more extensive discussion o f how that chapter relates to Katsoulacos and Ulph [1999] can be found at 4.1 
on page 177.
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INTRODUCTION LO

In contrast co-ordination on the directions of technological research is an original theme de

veloped in the first two papers of this thesis*. Furthermore the models set out in this thesis 

all encompass the possibility that non-cooperative firms share information through licensing. 

This possibility is first analysed in the context of co-operative R&D by Katsoulacos and Ulph 

[1999]9 jg absent from the analysis in Katsoulacos and Ulph [1998a]‘®.

Where the possibility of licensing as a counterfactual to RJV formation is recognised firms 

can be shown to share information fully in both equilibria’ ’. The question then arises whether 

non-cooperative firms that license or co-operative firms in an RJV allocate resources to R&D 

more efficiently. The analysis in the following chapters sheds light on reasons for which a co

operative approach to R&D co-ordination may be preferable both privately and from a social 

point of view. These findings are original. They matter because the existing literature on RJV 

formation comes to largely negative conclusions about the impact on welfare of this form of 

R&D co-operation between firms’̂ .

The aim of this introduction is to situate the study of RJVs within the broader concerns of 

the economic literature on innovation. The aim of the survey that follows is to show how the 

chapters in the thesis relate to the work on RJVs and innovation in the literature, and also to 

point to those problems that this work raises that have not yet been dealt with, either here or 

in the literature that is reviewed.

This introduction is structured as follows:

-  In the following section I briefly discuss why the study of RJVs has attracted the atten

tion of a wide variety of economists. I clarify where the approach taken in the chapters 

below may be situated in the wider economic literature on innovation.

-  In section (1.2) I introduce the main market failures that have been studied in the indus-

In section 1.5.2 on page 52 below I discuss the underlying idea and its relation to research on alliances in the 
management literature.

more extensive discussion o f this point can be found in section 1.4.1 on page 38.
'^An extensive discussion of the relation o f Katsoulacos and Ulph [1998a],Katsoulacos and Ulph [1999] and 

the first two chapters o f this thesis is given in section 2.1 on page 85
’’Barring special cases, that are identified in Katsoulacos and Ulph [1999] and chapter four below.
’^Compare for instance Leahy and Neary [1997]
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1.1 INTRODUCTION

trial organisation literature on innovation.

-  In section ( 1.3) below I discuss two clear predictions that this literature has provided, 

which 1 will refer back to as standards when I discuss the more recent literature on 

innovation as well as my own results in the chapters below. In this section I also provide 

a detailed discussion of the incentives to invest in R&D that affect the behaviour of 

investing firms.

-  The analysis presented in this thesis deviates from the standard assumptions of the lit

erature on RJVs in two ways that are then discussed and motivated in section ( 1.4).

-  In section ( 1.5) I provide a review of five further assumptions that have frequently 

been employed in the literatures on innovation and RJVs. These assumptions are partly 

relaxed in the chapters below and partly maintained. The discussion points to the im

plications of these assumptions that have been addressed and those that remain to be 

investigated.

-  Finally in section ( 1.6) I review the following three chapters of the thesis individually 

and discuss the issues they address and the questions they raise.

1.1 The study of RJVs in economics

The collaboration by firms on research projects is a relatively recent phenomenon. Economists 

have shown a great deal of interest in it however because such collaboration seems counterin

tuitive at first sight.

There are two main reasons for this:

• Co-operation between firms is often motivated by the attempt to collude. The suspicion 

that firms co-operating on R&D have found yet another channel through which to ma

nipulate the degree of product market competition in their own interests remains strong

19



INTRODUCTION LI

This suggests that firms in turn should steer well clear of such collaboration or at 

least not publicise it as they are open to the suspicion of collusion when doing so.

• Investment in R&D is widely considered to constitute the attempt by firms to improve 

their competitive position. Sharing of the technologies that makes such improvements 

possible would seem self defeating.

Of these two reasons the latter has contributed more substantially to the high level of interest 

in the study of RJVs among economists. This level of interest has been compounded by the 

empirical observation that:

• the number of RJVs set up annually around the world has been rising markedly since 

the early 1970'^,

• the proportion of these set up in R&D intensive industries has been increasing since the 

mid 1980’s '^

Economists studying innovation have become interested in RJVs because of the increased 

frequency with which particularly large high-tech firms engage in such collaboration.

The figure below provides an impression of the number of RJVs filed in accordance with the 

NCRA act since 1985.

The general trend of a steady increase in the number of RJVs set up until 1995 is replicated in 

other databases on RJVs.

As Hagedoom [2001] points out in a recent study, the number of RJVs formed annually across 

the world was well below 100 in the early 1970’s. At its most recent peak in 1995 it was above 

700. In interpreting these figures it must be borne in mind that there is no requirement that 

RJVs be registered. Therefore the figures presented here should be taken as a lower bounds 

on the population.

’^Compare the discussion on page 23 below.
’^An impression of the sectoral distribution of RJV formation in the United States can be gained from figure

1.3 below.

20



1.2 INTRODUCTION
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Figure 1.1: The number of new RJVs per annum registered in the US between 1985 -1999

Hagedoom et al. [2000] separate the contributions to the literature on RJVs into three broad 

strands based on transactions costs analysis, the strategic management literature and the indus

trial organisation literature. The contribution of this thesis is to the latter literature. I employ 

formal models based on previous work undertaken in industrial organisation and am inter

ested in questions raised in that literature. Therefore the literature summary in the following 

sections focuses mainly on the industrial organisation literature.

However the key theme I pursue, of co-ordination on R&D, is one that is of central importance 

to the strategic management literature. Hagedoom [2001] refers to this as one of the major 

motives for the formation of RJVs, both in its guise as co-ordination on research directions 

and in its guise as co-ordination on the organisation of R&D. I discuss this literature more 

extensively in section 1.5.2 on page 52 below.
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INTRODUCTION 1.2

1.2 Market failures in innovation intensive industries

When studying innovation, economists have focused on three market failures that affect the 

performance of innovation intensive industries. As innovation results mainly from one off 

investments by firms in innovation (fixed costs), industries in which innovation matters are 

likely to be concentrated and competition is most likely to be imperfect. Secondly firms are 

unlikely to realize the full value of an innovation to society, as this value will usually exceed 

the revenues, that a firm expects to receive from an innovation. As is pointed out by Spence 

[1984] these two market failures are not unique to innovation intensive industries. They also 

affect industries in which fixed costs play a large role in helping firms to differentiate their 

products such as those in which advertising is important.

The third market failure which is more specific to innovation is the fairly widespread inability 

of innovators to appropriate all the rents that arise from their innovations. This inability to 

appropriate also induces innovators to reduce their investments below those that are socially 

optimal.

The knowledge created through an innovation is sometimes described as a public good, which 

once created can be made costlessly available to all those interested in it. This description of 

knowledge implies that the competitors of an innovating firm will face no costs of their own, 

in getting hold of the innovation and making use of it. Such competitors have an immediate 

incentive to free ride on the efforts of the innovator, which in turn reduces the incentive of the 

innovator to invest in R&D.

However spillovers of knowledge have an important benefit as well, in that they prevent the 

unnecessary duplication of research effort that would occur in their absence. I discuss this 

issue in greater detail in the following section.

The effects of the appropriability problem were initially studied by Arrow [ 1962] ’ ̂  and Spence 

[1984]. Their insight that under-investment would result from appropriability problems has 

been a standard feature of economic models analysing innovation ever since.

'^This paper was later republished as Arrow [1971].
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1.2 INTRODUCTION

Throughout this thesis I will refer to under-investment by firms arising from differences be

tween private and social returns to innovation as the undervaluation effect. I will refer to 

under-investment in innovation that arises from imperfect appropriability as the appropri

ability problem. Throughout this thesis I will ignore the problems that fixed costs and the 

resulting concentration of industries present. I will maintain the assumption of imperfect 

competition but assume that firms do not coordinate their policies in output markets. This 

approach represents perhaps the most serious limitation of the work presented below.

The models in this thesis focus on the narrow question of the impact on economic welfare of 

R&D co-operation and co-ordination. This focus makes the assumption of non-coordination 

in the output market particularly restrictive. Given that we are assuming that firms coordinate 

their approach to R&D the question naturally arises, why firms should not also use this oppor

tunity for co-ordination in output markets. As such co-ordination usually has negative welfare 

implications the possibility of collusive behaviour in output markets has been the strongest 

argument of those who regard R&D co-operation with scepticism

Unfortunately only a very small number of papers in the literature on R&D co-operation are 

directed at this problem ^M artin [1995] shows that RJV formation might be used as a device 

to sustain higher prices through the threat of the dissolution of the RJV. Katsoulacos and Ulph 

[1998a; 1999] provide an alternative mechanism via which firms in an RJV might distort mar

ket outcomes. I show in chapter 4 below that the latter mechanism is not robust to competition 

by firms outside of the RJV. Geroski [1993] suggests that it will usually be preferable to have 

more than one RJV in an industry in order to avoid collusion by the firms in an RJV. The 

review of the history of the chemicals industry in Arora [1997] suggests that licensing (an al-

'^This scepticism is most strongly voiced by Franklin Fisher in his role as discussant to Katz and Ordover 
[1990]. He states that ‘Firms cooperating in R&D will tend to talk about other forms of co-operation.’

There is an interesting exchange of views about the correct antitrust treatment of RJVs in Jorde and Teece 
[1990] and Shapiro and Willig [1990]. Jorde and Teece argue that the conventional literature has largely followed 
a serial model o f R&D, in which innovation falls like ‘manna from heaven’ into the lap o f a given company and 
is then brought to the market by this company. They emphasise a simultaneous model in which links from 
consumers to innovators matter, as well as links between innovators. Therefore they emphasise the importance 
of allowing such links between firms. My own work below incorporates some links between firms in their sense 
but is otherwise based on the serial tradition.

Meanwhile Shapiro and Willig emphasise the possible loss of allocative eflficiency arising from collusive 
behaviour in output markets. They see less gain from a relaxation of the antitrust treatment of RJVs.
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INTRODUCTION 1.3

temative way to cooperate on R&D) in that industry coexisted with entirely different degrees 

of concentration at different times. Licensing played an important role in shoring up industry 

structure in both the cartelized pre-war industry and the less concentrated post-war industry. 

This suggests that it would be wrong to argue that the mere possibility of co-operation at the 

R&D stage must inevitably have negative consequences for the competitiveness of industries. 

This seems a profitable area for further work.

It should be noted that the analysis of investment in R&D in the tradition of Spence [1984] 

implicitly assumes that firms behave strategically, when determining the level of their R&D 

investment. When firms invest in R&D strategically they take into account the effects of 

their R&D investment on the output or pricing decisions of their rivals. Where firms behave 

non-strategically they ignore the reactions of their competitors to their own R&D investment, 

for instance because this is unobservable for the competitors. Formally this is equivalent to 

the distinction between a static game with simultaneous decisions on R&D investment and 

output(prices) which leads to non-strategic behaviour and a dynamic game with sequential 

decisions on R&D investment and output(prices) which induces strategic behaviour.

The effects of strategic behaviour on the R&D investment of firms are complex and depend 

in part on whether the firms cooperate on R&D or not. In the literature the definition of the 

strategic effect varies. Below I will show in particular how our definition of a strategic effect 

differs from that in Leahy and Neary [1997]. Whereas they identify a broad strategic effect 

, which can affect R&D investment positively or negatively depending on the spillover level 

(assuming that outputs are strategic substitutes), we define a narrow strategic investment 

incentive which always increases R&D investment by the firms.

This completes the review of the market failures that are commonly discussed in the liter

ature'*. In the sections below further market failures will be introduced. I also provide a 

diagram which clarifies the interactions of these various effects.

'^Katsoulacos and Ulph [1998a; 1999] identify more market failures and the account here is based on this 
work.
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1.3 Two important tenets of the innovation literature

In this section I discuss two results of the innovation and RJV literatures that I will come back 

to repeatedly in this thesis. The aim is to provide a reference point, against which it is possible 

to compare the sometimes rather complex results that are derived in the following chapters.

The discussion of the first reference point will lead me to introduce a further market failure 

and I will then provide a short review of the interactions of the market failures affecting R&D 

investment. These market failures will all be derived using a model similar to that introduced 

by Spence [1984].

This type of model has been called a ‘strategic investment game’ in the literature'^. It consists 

of a two stage game, in the second stage of which firms compete in the product market and 

in the first stage of which firms compete on R&D investment. The RJV literature has almost 

entirely relied on this type of model and the chapters of this thesis are all based on extensions 

of two stage strategic investment games.

1.3.1 The problem of appropriability and a reprise of how the market 

failures affect R&D investment.

It is often assumed that a lack of appropriability and the concurrent under-investment are best 

dealt with by introducing property rights to innovations. These create a monopoly over the 

innovation that is usually granted for a limited period, such as in a patent system. Spence 

[1984] clarifies that such a solution to the appropriability problem creates an inefficiency, by 

distorting the price of the knowledge created through an innovation. Spence demonstrates 

that the consequence will be redundant innovative activity within an industry and thereby an 

excessive cost to society of a given cost reduction.

Spence delineates an ‘unpleasant tradeoff’ between creating the correct incentives for inno

vation and efficiency of achieving such innovation. A major contribution of his work was to

Bondt[1996]
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demonstrate that an industry invests in R&D most efficiently where firms share information 

fully. He showed that the inefficiencies arising where information sharing is only partial are 

very powerful; in the extreme where no information is shared industry costs of achieving a 

given cost reduction increase proportionally to the number of firms in the industry.

The conclusion that spillovers should optimally be complete implies an appropriability prob

lem that is maximal. Spence suggests that the resulting incentives to under-invest should be 

addressed through direct subsidies to innovative activity. Spence’s insight is the most im

portant theoretical reason for the study of RJVs. As I will show in the discussion below the 

formation of an RJV leads naturally to high spillovers between firms and allows these to over

come the appropriability problem as welH®.

The first result that I wish to set out as a reference point is Spence’s general insight:

Result 1.1

R&D investment at the industry level will be most efficient where spillovers are maximal, i f  

the resulting disincentives for R&D investment by the firms can be remedied .

Where spillovers are incomplete a fourth market failure arises since the industry achieves its 

cost reduction with excessive aggregate R&D investment. Where firms withhold knowledge 

with a public good character from one another the process of cost reduction in the industry is 

not efficient. In models where the knowledge which individual firms gain in the innovation 

process adds up to a total pool of industry knowledge this effect is referred to as under- 

exploited complementarities^^ below. In this context Spence’s ‘unpleasant tradeoff’ can be 

understood as the tradeoff between increasing the appropriability problem or raising the degree 

of under-exploited complementarities.

In my discussion of the innovation literature I have so far introduced three incentives that 

jointly affect the investment decisions of firms. Here it will be clarified how these incentives

^°For completeness it should be noted that Spence simulates the effect o f an industry-wide RJV in his 1984 
paper.

^'in Spence’s own words; ‘Spillovers improve the performance of the market with the incentive (to innovate) 
appropriately restored’.

Compare Ulph [1999] and section 2.1 on page 83
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interact to determine the exact level of R&D investments of a firm. I also show how these 

incentives are altered where firms form RJVs.

My aim is twofold:

1. - To replicate the arguments set forth in the existing literature about the level of R&D 

investment in co-operative and non-cooperative settings;

2. - To indicate how the efiiciency of these investments varies in both types of settings.

In the industrial organisation literature the level of R&D investment in a given equilibrium 

is often employed as a measure of the desirability of that equilibrium. I argue here that this 

approach can give very misleading results as it disregards the efiiciency of the equilibria in the 

sense of Result 1.1 above.

In order to make this point clearly a diagram is introduced to summarise the effects I identify 

and their interaction.

The innovation incentives in a non-cooperative equilibrium 23

We can identify three effects that reduce the level of R&D investment of a non-cooperative 

firm below the socially optimal level̂ "*:

a The undervaluation effect reflects the divergence of industry profits and the social 

surplus created by an innovation;

b The stand alone effect reflects the fact that the non-cooperative firm fails to take into 

account the positive effect its R&D investment could have on the profits of other firms 

in the industry, when determining the level of R&D investment;

Hi The appropriability problem reflects the reduced incentive to invest in R&D that arises 

when some of the benefits of R&D investment spill over to rivals of the investing firm.

^^Note that the results I discuss here apply to non-cooperative equilibria in which firms are unable to license 
or cross license technologies. This is the default assumption in the literature I survey here.

'̂̂ The logic of the tagging scheme I use here arises from the mathematical model I use in the Appendix.
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In contrast to the previous two effects this is a strategic effect.

As Leahy and Neary [1997] clarify most contributions to the R&D literature in industrial 

organisation have been based on the assumption that firms behave strategically when setting 

their level of R&D investment. It is generally assumed that such behaviour increases firms’ 

incentives to invest in R&D. However they show that this is only the case where spillovers are 

not too high (Proposition 1).

The reason for this is that in the absence of involuntary spillovers strategic behaviour induces 

firms to invest in R&D over and above the level they would have found optimal in a non- 

strategic setting. On the basis of this we can distinguish two incentives that have a positive 

effect on the R&D investment of a non-cooperative firm:

i the non-strategic investment incentive which just reflects the profits the firm can expect 

from a cost reduction and

a the strategic investment incentive which reflects firms’ attempt to gain an advantage in 

the market by reducing costs further than their competitors.

Leahy and Neary [ 1997] show that where involuntary spillovers are high enough the appropri

ability problem more than offsets the strategic investment incentive and therefore the overall 

level of R&D investment by non-cooperative firms in a strategic setting is lower than in a 

non-strategic setting.

The innovation incentives in a co-operative equilibrium

In a cooperative equilibrium the incentives outlined above still affect firms’ decisions about the 

level of R&D investment. We can identify three additional effects which bear on this decision 

once firms form an RJV:

25iNote that I set out the results for co-operative equilibria in which the level o f information sharing is 
exogenous.
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iv the reduced stand-alone effect has a positive effect on the level of R&D spending by 

the firm. Once in an RJV firms take into account the positive effect of their own R&D 

on the profits of their partner. The strength of this effect depends on the level of the 

technology spillover cr. This effect offsets ii above.

V the spillover internalisation effect has a positive effect on the level of R&D spending 

by the firm. Once in an RJV firms joint profits rise as they share information^^. There

fore as technology spillovers {a) increase the firms in an RJV will tend to undertake 

more R&D on account of this effect. The effect is a strategic effect and offsets Hi above.

vi the reduced strategic investment incentive has a negative effect on the level of R&D 

spending by the firm. It reduces the firms’ incentives to invest in R&D in a strategic 

setting. This effect offsets the strategic investment incentive identified above.

Since these three additional effects are not all positive it is not obvious whether firms in an RJV 

will invest more or less in R&D than non-cooperative firms, given a degree of technological 

spillovers {cr).

In their Proposition 3 Leahy and Neary [1997] are able to provide a general argument that 

provides an answer to this question. They show that:

I where technological spillovers are zero the co-operative equilibrium leads to less R&D in

vestment than the non-cooperative equilibrium;

II where technological spillovers are complete the opposite is true.

This result underpins figure 1.2 below.

The conclusions of the industrial organisation literature before Leahy and Neary [1997] re

garding the desirability of RJV formation all focus on variations in the spillover parameter cr. 

The discussion of strategic and non-strategic effects here clarifies that these results all depend 

on the strategic nature of the models employed!

^^Barring the special case which I discuss in chapter 4 below.
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Leahy and Neary [1997] show that in non-strategic settings the reduction of the stand alone 

effect (b) in a co-operative equilibrium with positive spillovers means that RJV formation 

always leads to greater R&D investment than non-cooperative behaviour.

In a strategic setting this is no longer the case and I illustrate this in figure 1,2 below. The 

figure also allows me to throw some light on the relative efficiency of the co-operative and 

non-cooperative equilibria as the level of technological spillovers varies.

The efficiency of R&D investments in co-operative and non-cooperative equilibria: The

importance of this aspect of R&D investment is identified in Result 1.1.

In order to provide ordinal information about the efiiciency of industry investment in R&D 

as well as the amount of a firms’ individual investment I introduce a diagram. This has the 

effective cost reducing knowledge x̂ . invested in by representative firm i and obtained through 

innovation on the %-axis and the effective cost reducing knowledge vYj available to the firm as a 

result of aggregate investment in such knowledge by the whole industry on they-axis. A given 

level of cost reducing knowledge implies a unique associated R&D investment chosen by the 

firm. Therefore the x's can also be interpreted as investment levels.

The diagram represents a duopoly and the line X. = 2xf represents the locus of all points 

at which the two firms in the industry share their cost reducing knowledge entirely The 

diagram applies to the case in which firms’ R&D investments are additive, which is what 

is commonly assumed. I discuss this assumption in greater detail in section 1.4.2 below. 

Additivity implies that = x. (1 + cr). Notice that as we move to the right away from the line 

X. = 2x. the efiiciency of a given industry R&D cost reduction falls. The diagram is derived 

rigorously in the appendix to this chapter. Here I describe it by discussing points A-F:

A Point A captures the combination of cost reducing knowledge chosen by a member 

firm of a perfectly price discriminating cartel xf [x-axis] and the total cost reducing 

knowledge available to itX f  [y-axis] where all members share their knowledge page

^^For an «-firm oligopoly this locus would be given by the line X- = n-
^®The level o f cost reducing knowledge chosen by the cartel members is assumed to be the outcome o f an
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cr=l

Figure 1.2: The market failures affecting innovation at the R&D investment stage

42). It coincides with the socially optimal level of cost reducing knowledge chosen if 

we leave aside the issue of product market competition.

B Point B captures the combination of cost reducing knowledge xf chosen by the ürmlX^

available to the firm where the cartel cannot price discriminate. This type of cartel 

is called an RJV below (page 33) and the level of R&D investment it undertakes is 

determined by the interaction of the effects i -  vi introduced above. The reduction in 

R&D investment by the representative firm in the cartel arises because that can no longer 

capture the rents from the increased consumers’ surplus that its innovative activity gives 

rise to. Therefore the reduction in effective R&D investments from A to B captures the 

undervaluation effect (/).

D Point D captures the combination of firm and industry knowledge chosen by/available

to a representative finn in an oligopolistic industry if spillovers are complete. Therefore 

the reduction in the finns’ effective R&D investments from B to D captures result II

op t im isa t io n  w h ic h  I will  sp ec ify  in s e c t io n  1.4.2

31



INTRODUCTION 1.3

which I derive from Leahy and Neary’s Proposition 3 in the discussion above.

E This point captures the combination of the level of cost reducing knowledge chosen 

by the member of a cartel and the effective level of cost reducing knowledge available 

to it in the case in which firms do not share technologies. As the degree of information 

sharing increases within the RJV so does its investment in R&D. The line E-B traces 

out the locus of points which represent cartels that partially share technologies. As the 

spillover increases the cartel’s R&D investment will move from E towards B, so that the 

arrow points in the direction of increased information sharing within the cartel.

Although E must be to the left of B (this is shown in the appendix) it is not possible to 

determine in general where E will be in relation to point D.

However we can say that E will always be to the left of F on the diagonal. This follows 

from result I which I derive from Leahy and Neary’s Proposition 3 above.

F This is the combination of cost reducing knowledge chosen by a representative firm/available 

to a representative firm in an oligopolistic industry if spillovers are nil, firms behave 

strategically and firms do not cooperate on R&D. Notice that point F is on the line 

= Xy. This captures Spence’s point about the aggregate inefticiency of R&D invest

ment when spillovers are incomplete. The distance between line = 2x. and F captures 

the inefticiency in the non-cooperative equilibrium where the firms share no information 

with one another.

I show in the appendix that F will always be to the right of D.

Notice that point F is the end point of line D-F. This line represents all the investment 

levels, x̂ ((t), (such as F) chosen by non-cooperative firms as a function of the spillover 

levels, cr. The further away from F a point is along this line the greater is the associ

ated spillover level, so that the arrow points in the direction of increasing involuntary 

spillovers along D-F.

The diagram presents clearly not only the ranking of cooperative and non-cooperative equilib

ria along the dimension of firms’ own investments in R&D, but also along the dimension
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of the total available cost reducing knowledge X- that the firm can fall back on. It shows 

how efficient a given combination of information exchange and investment incentives for 

cooperati\ e/non-cooperative firms are and allows me to capture how such comparisons are 

affected by changes in the technology spillover parameter cr.

The diagram clarifies what the costs of a policy of increased appropriability of R&D are in 

a context of strategic investment behaviour by firms. If policies exist that increase appropri

ability for non-cooperative firms then these will also give rise to increased inefiiciencies of 

R&D investment at the industry level. For instance the model used by Kamien et al. [1992] 

suggests that non-cooperative firms facing zero spillovers (point F.) can achieve an effective 

industry cost reduction (X.’s) that is as large as that achieved by a cartel (RJV) within which 

firms share information completely. The diagram introduced above helps to clarify that this 

non-cooperative equilibrium (F) involves a high degree of inefficiency. Compare the diagram 

on page 81 below which reproduces the Kamien et al. [1992] model for a particular set of 

parameters in the form of the diagram introduced here.

1.3.2 The effectiveness of RJV formation

As noted above, Spence’s result suggests that RJV formation will be particularly well suited 

to increase the efficency of a market because the firms in an RJV can be expected to share at 

least as much information with one another as non-cooperating firms would.

Throughout this thesis I take the co-operation of firms in RJVs to imply that the member firms 

decide how much knowledge to share with one another in order to maximise their joint profits, 

which will almost always imply complete sharing of knowledge^^. We also assume that firms 

in an RJV are able to coordinate the direction of their R&D and its organisation. This is 

clarified in the following chapters. The definition of what constitutes an RJV that is implicit 

in these assumptions goes beyond that introduced in the seminal papers of d‘Aspremont and

^^Katz and Ordover [1990] favour this approach and discuss such policies.
am assuming that the decision to share information is endogenous to the RJV. In this I follow the approach 

of Katsoulacos and Ulph [1998a] which is discussed in greater detail on page 36 below.

33



INTRODUCTION L3

Jacquemin [1988] and Kamien et al. [1992].

As figure 1.2 above clarifies an RJV in which firms share information completely and jointly 

maximise profits at the R&D investment stage will overcome the appropriability problem. 

Since the firms in an RJV jointly maximise profits when determining the level of R&D invest

ment the appropriability problem (effect Hi) is counteracted by the spillover internalisation 

effect (effect v). Notice that the relative strength of the two effects is not dependent on the 

level of the involuntary spillovers, however their difference is scaled by the level of the invol

untary spillover. As long as there are no further recipients of spillovers outside the RJV the 

appropriability problem is offset by the combined influence of the strategic spillover inter

nalisation effect,the reduced stand-alone effect and the reduced strategic investment incentive. 

When information sharing is complete within the RJV it is found at B in figure 1.2. This leaves 

the undervaluation effect, but this could be addressed with an R&D subsidy.

Therefore we can say that RJV formation has two simultaneous benefits, the first being the 

increased efiiciency of R&D investment by the firms in the RJV that arises from a greater 

degree of knowledge exchange (compare Result 1.1) and the second being the compensation 

of the resulting appropriability problem as firms now jointly maximise profits when determin

ing R&D investment. However RJV formation also brings the reduced strategic investment 

incentive with it. This means that RJV formation may imply that a firm invests less in R&D 

than it would have done in a non-cooperative equilibrium.

Beginning with the seminal paper of d‘Aspremont and Jacquemin [1988] most of the litera

ture on RJVs has compared these to markets in which firms do not voluntarily share any cost 

reducing knowledge (I refer to this as non-cooperation by the firms). They found that there 

was a critical spillover level beyond which the RJV outperformed the non-cooperative mar

ket. They assumed that the spillover of information inside an RJV is the same as in a market 

of non-cooperative firms. Under such assumptions the RJV is an instrument that solves the 

appropriability problem partially. The critical level of spillovers beyond which the RJV pro

duces a greater R&D cost reduction than the non-cooperative firms is much discussed in this 

literature. In our diagram this level of spillovers is implicitly defined by the intersection of the
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curves E-B and F-D in figure 1.2.

When involuntary spillovers are small the appropriability problem is not large. Then the non- 

cooperative market produces less under-investment than the RJV, as the comparison of points 

close to F along F-D and points close to E along E-B shows. Therefore it is sometimes claimed 

that RJVs improve welfare only beyond the critical spillover level. Note that the formation of 

such RJVs would not increase the efiiciency with which the industry as a whole undertakes 

R&D, as there is no increase in the degree of information sharing here.

Notice also that welfare comparisons in this literature are usually undertaken on the basis 

of an ordering of either the %jŝ  ̂ or the achieved by the firms under co-operation/non- 

cooperation^^. Figure 1.2 clarifies that such orderings ignore the efiiciency with which the 

given industry cost reduction is achieved! The efiiciency of aggregate R&D investment is 

measured by the horizontal distance between a point such as F  and the l in e ^  = 2x .̂

Although Spence [1984] showed that the increase in efiicency due to increased information 

sharing is a very strong effect, the literature has not so far taken account of this in its conclu

sions about the desirability of RJV formation. Nonetheless the models of both d‘Aspremont 

and Jacquemin [1988] and Kamien et al. [1992] can be used to show that such RJVs also pro

duce at least as great aggregate R&D investments as the best non-cooperative alternatives con

sidered in these models. According to this criterion RJVs are also preferred to non-cooperative 

alternatives.

The main finding of this discussion can now be summarised as follows:

Result 1.2

The formation o f  RJVs in which hrms share information completely, unambiguously increases 

welfare and the efficiency o f  the innovation process.

^^This criterion is used by d‘Aspremont and Jacquemin [1988]
^^This criterion is used by Kamien et al. [1992]
^^This could be interpreted as arising from a social welfare function that puts no weight on R&D efficiency and 

all weight on growth (total cost reduction) in the case of Kamien et al. [1992]. The criterion used by d'Aspremont 
and Jacquemin [1988] is potentially very misleading as pointed out by Amir [2000] in his discussion of these 
two models. This is because the conclusion that d‘Aspremont and Jacquemin [1988] arrive at depends on the fact 
that xf  > xf .  Such an ordering does not necessarily arise in more general RJV models as the results o f Kamien 
et al. [1992] show. Compare also the diagrams of these models at the end of the appendix to this chapter.
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Whilst Kamien et al. [1992] assumed that firms in an RJV (RJV cartel as they call it) will 

choose maximal spillovers Katsoulacos and Ulph [1998a] and Katsoulacos and Ulph [1999] 

endogenize the choice of the degree of information sharing by the firms in an RJV They show 

that these firms may choose not to share information at all if an innovation is large. I qualify 

this finding in chapter 4 below. Note that endogenizing information sharing means that we 

add a further stage to the traditional two stage investment game in which the firms choose the 

amount of information to share with one another.

The result just introduced arises in a literature that employs formal modelling to investigate 

the effects of RJV formation on welfare. Parallel to this work there is a less technical literature 

that discusses RJV formation in a more critical manner This literature focuses on problems 

that will be discussed in more detail in section three below.

It should be added that the identification of RJV formation with an increase in the degree of 

information sharing which I introduce above is not common in the literature. A lot of work 

still follows the principal approach of d‘Aspremont and Jacquemin [1988] in assuming that the 

spillover does not increase when an RJV is formed. De Bondt [1996] in a very broad review 

of the innovation literature suggests that the existence of a critical spillover level is a common 

theme. As a result he spends little time investigating the impact of greater information sharing 

by firms in an RJV. Cassiman [2000] analyses optimal R&D policy when the regulator has im

perfect information about the spillover level in the industry. This matters if the spillover level 

does not increase within an RJV, when it does Result 1.2 holds and the regulator’s problem 

in his model disappears. I discuss whether the asymmetric information problem he raises will 

arise in a different guise in chapter 4 below.

1.3.3 The importance of symmetry assumptions

The literature that I have discussed above as underpinning Result 1.2 is based on the important 

assumption that firms’ R&D investments are symmetrical. Salant and Shaffer [1998] showed

"̂̂ The principal exponents are the surveys by Katz and Ordover [1990] and Geroski [1993]
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that there may be equilibria in which the firms invest in R&D asymmetrically and that these 

equilibria may be associated with higher profits for the firms and greater social surplus than 

the symmetrical equilibria which the literature had focused on up until then. Note that in these 

equilibria spillovers are exogenous and small, so that the firms can effectively create large cost 

asymmetries.

The finding that asymmetrical equilibria may increase firm profits and therefore be preferred 

by the firms is echoed in further papers such as Amir and Wooders [1998] and Katsoulacos 

and Ulph [1999]. The probabilistic fi-amework employed in the latter paper which is also used 

throughout this thesis provides a natural way for asymmetrical equilibria to emerge where 

only one of the two firms innovates.

In Katsoulacos and Ulph [1999] firms endogenously choose asymmetrical equilibria by choos

ing how much information to share because this increases firm profits. I will show in chapter 

4 below that this preference for asymmetry is not robust to changes in the number of product 

market competitors^^.

In chapter 3 below I will show that firms may endogenously choose an asymmetrical equilib

rium for other reasons than those previously provided in the literature. Just as the equilibria 

studied by Salant and Shaffer [1998] these will usually be associated with greater social wel

fare than the alternative symmetrical equilibria.

It should be noted however that throughout this thesis I will maintain the assumption that the 

firms choose symmetrical investments in R&D. It is likely that equilibria with asymmetrical 

investment levels exist and these should be investigated. Similarly it should be investigated 

how robust the findings of Salant and Shaffer [1998] are to increases in the number of product 

market competitors. In the light of my results in chapter 4 below it seems possible that the 

range of asymmetrical equilibria will be reduced as the number of outside competitors to the 

RJV increases.

^^This suggests the intriguing possibility that the asymmetric equilibria found in Salant and Shaffer [1998] 
may also not be robust to variations in the number of outside competitors. This issue will be pursued in further 
research.
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1.4 Two caveats regarding the previous literature ou inno

vation and RJVs

Whereas the literature we have referred to so far largely assumes that the counterfactual to co

operation in an RJV is no co-operation on R&D, I depart from this approach in the chapters 

below. This will have implications for the validity of Result 1.2.

Another common assumption in the literature cited above is that the recipient of a spillover 

will be able to profitably employ all of the knowledge received in conjunction with their own 

R&D. This implicitly assumes the additivity (or complementarity) of the R&D undertaken by 

the recipient and provider of a spillover.

In this thesis I examine whether this assumption of complementarity is well founded. I inves

tigate whether firms have incentives to co-ordinate their R&D such that it will in fact become 

additive.

In the two subsections below I discuss our departures'^ from the common assumptions made 

in the literature in more detail.

1.4.1 What is the counterfactual to RJV formation?

In order to determine what benefits arise from the formation of RJVs one needs to know what 

firms would do, if RJVs could not be formed. In the absence of a theory which predicts the 

circumstances under which firms will form RJVs the literature has commonly resorted to 

the assumption that the correct counterfactual is a non-cooperative market in which firms do 

not voluntarily share information.

Both Geroski [1993] and Katz and Ordover [1990] discuss alternative counterfactuals such as 

mergers or patent licensing. Katz and Ordover point out that welfare conclusions derived on

follow the approach o f Katsoulacos and Ulph [1998a] in making these assumptions.
^^Although a fully worked out theory of RJV formation does not exist, attempts to determine when RJV 

formation might be profitable exist. These are discussed below in section 1.5.5.
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the basis of a counterfactual of non-sharing will be biased in favour of RJVs if  the correct 

counterfactual is in fact licensing.

In the chapters below we usually assume that the correct counterfactual is licensing, in some 

cases we even assume that the firms will engage in royalty firee cross licensing We adopt 

this counterfactual because our models contain nothing that would suggest that licensing is 

not possible. The literature that makes alternative assumptions contains no reference to the 

reasons for this.

We assume that firms can increase the spillover of technology under licensing in just the same 

way as they can under RJV formation. We will show that typically firms will share all tech

nology available when licensing is feasible. As a consequence we find that Result 1.2 above 

no longer holds. We find that there will be cases in which the formation of an RJV can reduce 

welfare relative to licensing^^. It is the case where the strategic investment effect that will arise 

when firms are competing for a patent"̂ ®, disappears as a consequence of RJV formation. If 

we assume that firms are producing strategic substitutes, then the strategic investment effect 

mitigates the under-investment arising as a consequence of the undervaluation effect and its 

disappearance will increase under-investment in an RJV relative to licensing.

Although licensing does occur, it is not ubiquitous'^'. Therefore theoretical studies that adopt 

licensing as a counterfactual to RJV formation will be complementary to studies that adopt 

non-cooperation as counterfactuals'*^.

^^Katz and Ordover [1990] consider both RJVs and royalty fi-ee cross licensing to be instances of ex-ante 
co-operation, as opposed to licensing which is an instance of ex-post co-operation.

^^This is first demonstrated in Katsoulacos and Ulph [1999]
'̂ ^This effect is somewhat different from the strategic effects which I identified above. I discuss this point in 

greater detail in section 2.1 on page 83 below. An illustration o f the implications o f this effect can be found on 
page 102.

As (Levin et al.) demonstrated firms in many sectors of the US economy rely on secrecy to protect their 
innovations rather than patenting. Firms following such strategies will find it much harder to sell their innovations 
and thus the counterfactual o f non-co-operation clearly applies to such industries. Arora [1997] discusses how 
in the 19th century firms in the chemical industry used patents and secrecy to erect barriers to entry. After the 
second world war firms in this industry started to use licensing as a source of revenue. This change is partly 
attributed to a change in the codifiability of the underlying technology, which makes the transfer o f innovations 
simpler.

'̂ T̂he difference in the alternatives available to firms in these industries suggest that there may also be differ
ences in the RJVs that form in the different industries. This issue is as yet unexplored.
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In Figure 1.3 I present some evidence that industries in which licensing is widespread are 

also industries in which RJV formation is common. Furthermore 1 discuss evidence on the 

frequency o f mergers and acquisitions in these industries below. The findings presented in the 

following chapters are likely to be more suitable than those in the older literature on RJVs for 

the welfare evaluation of RJV formation in the context of these industries.
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Figure 1.3: The distribution of RJVs across two digit SIC industries for the period 1990 
1993

To my knowledge a dataset providing joint information on RJVs, mergers and licensing has not 

so far been presented in the literature"^^. However we can make inferences from the findings 

presented in papers that analyse datasets on licensing contracts, mergers and acquisitions and 

RJVs separately. Figure 1.3 provides a histogram of the number of RJVs registered in the

Cassiman and Veugelers [2000] have a working paper on the innovation strategies of Belgian firms, but they 
do not provide data that I could usefully employ in this discussion.
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United States between 1990 -  1993 by two digit SIC industry^'

These RJVs were registered under the provisions of the NCRA act. The arrows in the diagram 

point to those industries in which licensing was found to be particularly important by Anand 

and Khanna [2000]̂ ^̂ .

They provide evidence on the incidence of licensing contracts in the United States. They 

show that roughly 80% of all licensing contracts in their sample fall within three two digit SIC 

industries. These are: Chemicals (SIC 28), Computers (SIC 35) and Electronics (SIC .

Evidence on the intensity of acquisition activity in some manufacturing industries in the US 

is provided by Bloningen and Taylor [2000]. They investigate empirically the relationship be

tween acquisition activity and R&D intensity of firms. They identify a subset of the industries 

in SIC 28, SIC 35 as well as SIC 36 and SIC 38 as industries in which the sector’s share of 

annual acquisition activity is above the sectors annual share of total US manufacturing ship

ments. Their sample period is 1989 -1994. Although they do not provide their statistics for all 

manufacturing industries, their observation suggest that acquisitions are an important alterna

tive to RJV formation in these industries. Theoretical work which incorporates this possibility 

would therefore be very useful.

This simple comparison of findings is suggestive. Nonetheless given that the datasets are 

collected in different ways and that the classification of RJVs by SIC code is not entirely

^The data used for this histogram is based on the CORE database described in Link [1996] weighted by the 
total sales of the two digit SIC industry as measured in the 1992 Census o f  Manufacturing. This weighting 
procedure was suggested to me by B. Hall in order to control for the effect o f varying size o f industry on the 
number o f RJVs formed.

The histogram is based on the 1999 CORE database which is available from A. Link and the 1992 Census o f  
Manufacturing which can be found at: http://www.census.gov/epcd/ec97sic/E97sus.htm

"*̂ It should be noted that this distribution of RJVs across the two digit SIC industries is not stable over time. 
For instance by 1999 more RJVs had been registered in SIC 36 than in SIC 48. Nonetheless the industries that 
saw the majority of RJV filings are the same for the periods 1985 -  1999 and 1990 -  1993.

"*̂ They study licensing contracts on the basis o f a different database (This dataset is based on data provided 
by the Securities Data Corporation.), which also includes information on joint venture formation. I have been 
unable to obtain this information. Their dataset is restricted to manufacturing industries, i.e. SIC 20 -  39. It was 
collected for the period 1990 -  1993.

*̂̂ In a separate study on licensing in France, Bessy and Brousseau [1998] find that licensing is concentrated 
in a small number of large firms and in the following industries: chemical, pharmaceutical, electronic, electrical 
equipments and professional machinery.
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INTRODUCTION 1.4

straightforward a doser look at the data is necessary, before any strong conclusions about 

counterfactuals to RJV formation can be drawn.

Finally it should be noted that licensing and RJV formation need not be alternatives. The 

complementarity of these strategies has received no theoretical attention so far.

1.4.2 The co-ordination of R&D strategies

Following Spence [1984] almost the entire literature on strategic investment games and cer

tainly the entire literature on RJVs has assumed that the knowledge about an innovation that 

spills over to other firms will be entirely useful to those firms. This assumption can be ex

pressed most clearly through the following mathematical representation'*^:

dc-
c. = c{X^ where < 0  (1.1)

X^=x^-\-(TXj (1.2)

Here the unit costs of a firm i are represented by ĉ  and the pool of industry knowledge avail

able to that firm is X-, while cr, 0 < cr < 1 represents the degree of information spillover 

between the two firms in the industry. De Bondt [1996] attributes this treatment of spillovers 

to Ruff [1969]. I set out the expressions for a duopoly, as there is no gain fi*om treating the N  

firm case here.

Define a firm’s revenues as cj), where ^  < 0 and ^  > 0 if firm i and y‘s products are 

strategic substitutes, whereas ^  < 0 if they are strategic complements'*^.

*̂̂ 1 introduce this mathematical approach here in order to clarify how some of the effects described above 
interact. My aim is not to be very rigorous and therefore I spend little time discussing second order conditions or 
uniqueness and stability o f equilibrium. A slightly more rigorous presentation o f the framework can be found in 
the appendix to this chapter.

'̂ T̂he conditions under which the former statements imply the latter are set out in Tirole [1988].
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If we assume that the firm is maximising profits subject to an R&D cost fimction

dT
T(x.), where —  > 0, ^  > 0

oXj dxi

then the firm’s objective function iŝ ®:

max 7T. = R.{c., Cj) -T{x^) (1.3)

and the corresponding first order condition would be :

Equation (1.2) incorporates the appropriability problem as it is discussed above, as long as we 

assume that products are strategic substitutes ( ^  > 0):

dx. dc  ̂dX. dxi dcj dXj dx^
>0 <0

The first term in the above expression is positive and reflects both the increase in profits, which 

arises as a consequence of the lower costs of firm i and firm z’s strategic behaviour, i.e. effects 

i and ii. The second term in the above expression captures the appropriability problem (effect 

iii), which is increasing in the degree of the involuntary spillover cr, since ^  = cr. Notice

that imperfect appropriability also affects R&D investment when firms’ products are strategic

complements. This case has not been much emphasised in the literature. In a context of under

investment and strategic complements the positive effect of imperfect appropriability would 

mitigate the impact of the undervaluation effect.

This treatment of spillovers can be found in Spence [1984], d‘Aspremont and Jacquemin

^®The formalisation I employ here is based on Spence [1984],d‘Aspremont and Jacquemin [1988] and Kamien 
et al. [1992]. This expression also nests the model of Leahy and Neary [1997]. I show this in the appendix of 
this chapter.

^'The conditions that guarantee the uniqueness and stability of an interior optimum for this type of first order 
condition are set out in Leahy and Neary [1997]. Here I assume that these are fulfilled.
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[1988], Kamien et al. [1992] and many others. However as Levin and Reiss [1988] and Kat

soulacos and Ulph [1998a] note this assumes what we call ‘perfectly additive R&D’. We intro

duce this term because the language of substitutability and complementarity tends to produce 

more confusion than clarity in this context. Levin and Reiss [1988] remark that equation (1.2) 

embodies the assumption that own and rival R&D are perfect substitutes whilst Katsoulacos 

and Ulph [1998a] state that it assumes that the research discoveries of rival firms are perfect 

complements. Both statements are true in the sense that according to equation (1.2) one can 

substitute more of another firms’ R&D for less of own R&D perfectly without denying that 

own and rival R&D complement each other perfectly to produce the total pool of knowledge 

available to firm i.

In Katsoulacos and Ulph [1998a] we find a more general expression, which I have extended 

to introduce involuntary spillovers. This equation encompasses the Ruff equation ( (1.2)) as a 

special case :

I±Z 1±Z y  

= + a -x /  (1.6)

Notice that where y  ^  oo one can show that + crxj, i.e. equation (1.6) encompasses

(1.2). However when y ^  0 it can be shown that MAX \x̂ , Xj\ . In this case we call firms’ 

R&D efforts duplicative. This is because two symmetrical firms that innovate, will produce 

the same irmovation and cannot leam anything from one another. The parameter y  captures 

the degree of additivity between the research paths of the two firms in this expression.

In the second chapter below we will introduce another model which can generate the Ruff 

equation as a special case. There we allow the firms to choose the design of their R&D relative 

to one another. This is similar to endogenizing y  in the expression above. We show under what 

conditions firms will find it optimal to align their R&D such that it becomes perfectly additive.

In the third chapter below I extend the formulation and show how the introduction of the 

notion of absorptive capacity can help us generate contexts in which firms will find it optimal 

to choose duplicative R&D paths. This will lead to the fourth chapter in which I analyse just
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this particular case.

I demonstrate that both in the choice of the degree of additivity of R&D paths and in the choice 

of how to spread R&D activity across firms in the case of duplicative R&D, the firms inside 

and outside an RJV face a co-ordination problem. The existence of an RJV will be shown to 

open up solutions to this co-ordination problem that are unavailable to non-cooperative firms.

The literature on innovation contains some previous attempts to model interdependence of 

firms’ choices over research directions. Both Bhattacharya and Mookherjee [1986] and Das- 

gupta and Maskin [ 1987] develop models in which firms choose research projects according to 

the levels of risk associated to them. The projects are interdependent because the probabilities 

that they yield more profitable outcomes for a given firm depend on the project chosen not 

only by that firm, but also by its rival.

Although we assume that firms’ probabilities of success are independent below, the research 

co-ordination problem in our paper arises because a non-cooperative firm’s profits in the event 

of simultaneous innovation depend on the degree of differentiation between the two firms’ 

research paths. This is analogous to the dependence of a firm’s profits on the correlatedness 

of firms’ research outcomes in the above cited papers. The fi*ameworks they consider do not 

lend themselves directly to an interpretation that admits of co-operative behaviour and they 

do not undertake such an analysis. The fi-amework we develop below is geared towards the 

analysis of co-operative behaviour however and the main results apply to the comparison of it 

with non-cooperative behaviour.

I show that RJVs are generally better suited to solving co-ordination problems than licensing 

contracts. This implies that even in cases in which Result 1.2 does not hold there may be a 

rationale for RJV formation. As I noted in the previous subsection RJV formation may reduce 

welfare in some instances. If co-ordination problems make RJV formation desirable, this can 

only be the case where the investment reducing effects of RJV formation can be counteracted 

by a separate policy instrument. This leads to the conclusion that RJV formation and RJV 

subsidies are complementary policies. I discuss R&D subsidies in the following section.

In order to accommodate choices regarding the co-ordination of R&D into the strategic inno-
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vation game a further (fourth) stage is added at which the firms make decisions regarding the 

co-ordination of their R&D.

1.5 A brief survey of further questions

The previous sections have provided an exploration of what might be called the core assump

tions of the ‘strategic investment games’ literature and of two of its main results. I have dis

cussed the principal effects that affect the R&D investment behaviour of firms in such models.

One very important assumption in the derivation of this framework was the public good na

ture of knowledge, or to put it differently, the assumption that an innovation once made in 

one firm can be costlessly transferred to other firms. This has been a convenient simplifying 

assumption, but there is ample evidence that it can be misleading. I discuss this evidence and 

its implications in the first subsection below.

In the previous section I discussed the modelling assumptions I make in order to capture 

the co-ordination of R&D strategies. I pointed out there that the many contributions to the 

innovation literature implicitly assume that firms’ research is additive. This is partly due to 

the fact that the notion of research arising from distinct paths has not been exploited very much 

in formal models of innovation. In the second subsection below I discuss some evidence and 

a management literature that provides some support for the model of research strategies in 

chapters 2 and 3 below.

I suggested above that Spence’s result (Result 1.1) has the implication that RJV formation 

can be a natural response to the ‘unpleasant tradeoff’ he delineates. Spence suggests that the 

undervaluation effect which remains even if the appropriability and under-exploited comple

mentarities problems can be entirely solved should be countered through the use of subsidies. 

Furthermore I have proposed that where co-ordination problems matter the policies of RJV 

formation and R&D subsidies will be complementary. Whether or not subsidies can really be 

a useful instrument will be discussed in the third subsection below.

Ulph [1999] points out a further strong assumption in the literature on RJVs which I have
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discussed above. This is the presumption that firms that enter into such agreements will have 

no trouble in ensuring that each party can enforce the requisite effort on the part of the other. 

I discuss some papers that are relevant to this question in the third subsection below. Their 

findings have implications for the implementation of subsidies.

I have already noted that the strategic innovation literature usually proceeds by analysing 

the merits of RJV formation with respect to a counterfactual which is most often a market 

in which non-cooperative firms compete. A natural question to ask in this context is under 

what conditions firms will find RJV formation an attractive proposition. The answers to this 

question which have so far come fi'om the incomplete contracts and imperfect information 

literature which are surveyed below. I do not discuss the literature that is concerned with the 

type of partner a firm will choose when forming an RJV here.

1.5.1 Absorptive capacity

While Arrow [1962] assumes that the costs of information acquisition are typically very low 

relative to the costs of creating new knowledge, Cohen and Levinthal [1989] point out that this 

may be the consequence of previous investments into knowledge creation by the absorbing 

firms.

In the context of the innovation literature as discussed in the previous sections, firms will 

determine their investment in innovation according to the return which may be expected fi'om 

such an investment. The incentive to invest in R&D will therefore fall (rise) according to 

whether an involuntary spillover lowers (increases) this return.

If firms must also have invested in R&D in order to be able to make use of information spilling 

over to them fi'om other firms, a further motive for R&D investment is added to the direct profit 

motive. Where spillovers would otherwise reduce the incentive to invest, the need to maintain 

a capacity to absorb outside innovations can be expected to temper if not reverse this effect.

This realization adds a further layer of complexity to strategic investment models, and al

though the implications of absorptive capacity are discussed in the literature (e.g. Geroski

47



INTRODUCTION 1.5

[1993]) they are rarely introduced into formal models. Exceptions are papers by Kamien and 

Zang [2000],Cassiman et al. [2000] and Hammerschmidt [1999] which I discuss in the intro

duction to chapter 3.

As I have stated above, the model of R&D co-ordination which is set out in chapter 3 is based 

on the idea that maintaining the ability to absorb innovations is costly. There I show how the 

costliness of absorptive capacity can affect the complementarity of firms’ R&D paths.

Formally Cohen and Levinthal [1989] alter the Ruff equation, which was set out in equation

(1.2) above, as follows^^ :

X. = X. + ^{x.,n)crXj where 0 < ^ < 1 (1.7)

Here ^{x^,jT) captures the firm’s ability to absorb outside innovation. This ability to absorb 

outside innovation is a function of the firm’s own investments in R&D and an exogenous 

parameter which captures the cost of absorption in a given industry.

Cohen and Levinthal [1989] assume that ^  > 0, ^  < 0. This captures the dependency of a 

firm’s absorptive capacity on its investment in own R&D. They also assume that ^  < 0, i.e. 

that /X is a measure of the cost of absorbing R&D fi'om the industry pool of knowledge. They 

also assume that > 0, i.e. that increases in the cost of absorption increase the importance 

of own R&D for the ability to absorb outside R&D. The intuition here is that an increased cost 

of absorption is the consequence of a reduction in the complementarity of own and outside 

R&D, for instance because outside R&D is less directly applicable to own R&D. This in turn 

implies that own R&D is more important in the process of establishing how outside R&D can 

complement own R&D.

Using the framework I introduced in the previous section I can show that the notion of ab

sorptive capacity has profound implications for the effect of involuntary spillovers on R&D.

Although the adoption o f the ‘Ruff equation’ brings with it the assumption that R&D which a firm can absorb 
can always be entirely added to own R&D this assumption is not critical for their basic argument.
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If we assume once more that firms’ products are strategic substitutes, then we can show that 

the incentive to invest in R&D in the case in which absorptive capacity matters is:

^  dRi dcj dXj
dX; dC: d X ;  ÔX; ÔC ; d X ; ÔX;

>0 <0 

dR, d R ,d c J ,  d(  \ S R ,d C j

-  0 ^ 5 5 ; I* ^

>0 <0 
/

ÔR: dR: dc-
+  cr

dx  ̂ dc- dX-
>0

d^ dRi dci dR̂  dCj 
'dTjdXf’

<0

( 1.8)

The above derivation shows that the effect of involuntary spillovers on R&D investment be

comes indeterminate once we add absorptive capacity to our fi-amework. This is because own 

R&D now has the additional positive effect of augmenting the capacity of the firm to utilise 

outside R&D. This extra effect may in some instances be so strong that higher spillovers ac

tually induce greater R&D investment. However this does not mean that the appropriability 

problem is resolved if the effects of absorptive capacity are strong enough.

For the same reasons that firms undervalue investment in R&D generally, it is likely that firms 

will not make socially optimal decisions regarding their investments in absorptive capacity. 

Thus even if the appropriability problem were to be entirely compensated by the effects of 

absorptive capacity firms are likely to under-invest because they undervalue the returns to 

absorption of outside technology; 1 will refer to this as the absorption problem .

At the end of their paper Cohen and Levinthal [1989] claim that their findings have the impli

cation that the disincentive effects of spillovers will not be as great as supposed and that by 

implication the benefits of policies that curb these effects are overstated. This conclusion is 

potentially misleading. It is true that for a given level of spillovers a higher cost of absorption 

for other firms will reduce the disincentive effect of the spillover, because outside firms will be
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able to leam less easily. It is easy to read the above conclusion as stating that by implication 

the optimal subsidy attached to a given level of spillovers will fall.

However as my discussion of Result 1.1 above clarified a reduction of the appropriability 

problem implies a direct increase of under-exploited complementarities at the industry level.

; The implication of Spence’s result still holds in a world in which absorptive capacity matters.

I  It is still true that maximal spillovers will be the best way to deal with the problem of under-

j exploited complementarities. Costs of absorbing outside R&D mean that the optimal subsidy

I to counter under-investment as a consequence of maximal spillovers will be lower, but they

also imply that a new subsidy towards the costs of absorption becomes necessary. All told it 

is likely that subsidies should increase where absorption costs are significant!

Given this conclusion the natural reaction is to attempt to determine how strong the effects of 

investments in absorptive capacity are. Direct measures of the extent to which a firm’s R&D 

is useful in the process of absorbing outside R&D are hard to come by. Therefore Cohen 

and Levinthal [1989] attempt to test the indirect implications of their model. One such test is 

based on the variation of the ease of learning (ji above) across different industries. They use 

predictions based on the variation of the ease of learning from different knowledge sources 

and different fields of knowledge to test their theory. These tests provide some support for the 

existence of effects arising from absorptive capacity.

Spence [1984] noted the existence of certain industries in which spillovers are so high that one 

would expect very little innovative activity as a consequence of the appropriability problem. 

He notes that in ‘certain of the electronics industries’ this prediction does not seem to be borne 

out. Cohen and Levinthal [1989] also test whether there are industries in which spillovers 

actually increase R&D investments. They find some evidence that this is the case for the two 

digit SIC industries 28 (chemicals) and 36 (electrical equipment)^^.

In a study of the pharmaceuticals industry Cockbum and Henderson [1998] confirm the im

portance of the notion of absorptive capacity. They provide both qualitative and quantitative

is interesting to note that these two industries stand out as those in which RJV-fomiation and licensing are 
particularly important. Compare figure 1.3 above.
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evidence for this conclusion. Firms in this industry are shown to actively encourage interac

tion of their R&D personnel with researchers outside of the company and specifically in the 

upstream public, basic research sector. They call the degree of such contacts the ‘connected

ness’ of the firm to the upstream open science community. In spite of the negative implications 

for appropriability that result from such interactions, Cockbum and Henderson [1998] suggest 

that greater linkages improved the performance of firms in this sector. They also found that 

interviewed researchers confirmed that R&D investments have the effect of raising a firms 

absorptive capacity and that this was an important consideration in the decision to undertake 

such R&D.

In the next chapter we model the co-ordination of R&D by RJVs and non-cooperative firms 

that license products to one another. In that chapter we wish to establish whether RJVs and 

non-cooperative firms differ in their ability to coordinate R&D. The model explicitly considers 

differentiated research paths. Where firms choose different paths of research we introduce a 

fixed cost of absorbing the R&D of another firm. A side effect of the introduction of absorptive 

capacity is a significant simplification of the model. This is a point I will briefly return to in 

section 1.6 below.

In chapter 3 I go on to explore the implications of a variation in the costs of absorption in 

the context of the same model. This is equivalent to a variation in /r in equation (1.7) above. 

I find that this not only affects the relative efiiciency of RJVs and licensing firms in their 

ability to co-ordinate R&D, but also provides an explanation for the formation of RJVs that 

is surprisingly similar to Oxley [1997]. That paper provides an explanation of RJV formation 

that is based on transactions costs arguments. It is discussed in more detail in section 1.5.5 

below.

The analysis in chapter 3 also suggests why firms may sometimes find it optimal to coordinate 

on undertaking duplicative R&D. In chapter 4 I explore duplicative R&D. The model used 

there is based on the implicit assumption that ^ = 1. Since both firms are doing the same 

R&D by assumption this seems defensible. They are after all locating their R&D activity 

directly on the ‘emission source’ to use the terminology of Cohen and Levinthal [1989].
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1.5.2 The notion of differentiated research paths

In the following two chapters a model is developed which suggests that firms may differentiate 

research paths and that they may co-ordinate on the directions of these paths. We suggest co

ordination is undertaken in order to enhance the complementarity of R&D which two firms 

are undertaking.

This model may be interpreted either as assuming that firms with similar research capabilities 

actively seek to differentiate their research or as assuming that firms choose partners whose 

research has a given level of complementarity to their own research capabilities but may orig

inate in an entirely different area of technological expertise.

An example of an RJV conforming to the latter interpretation is provided by Parise and Hen

derson [2001]. They describe a recent initiative by Sun and Kodak to provide ‘Digital Photo 

Management and Internet Distribution’ as an example of an alliance in which ‘Sun provides 

computer technology expertise, while Kodak provides photography expertise’. They go on 

to speculate that either firm would have great difficulties in developing such a technology by 

itself.

This example suggests that such an RJV will only succeed if both firms can successfully 

develop their existing technologies such that they make the new technology possible. Should 

one of the firms fail, the other may still benefit from its own research effort on the project, but 

it is unlikely that the failing partner could likewise benefit fi*om such research. In this example 

the two partners have such distinct own technologies that neither would contemplate entry into 

the other technology, should the joint project fail. Therefore we would not expect the firms to 

share information if  only one firm innovates.

This discussion suggests that firms in such RJVŝ "̂  only share information when both firms 

innovate. The assumption is employed in both chapters two and three below. Notice that it 

also suggests that firms’ R&D competencies are determined and observable before a given 

R&D investment decision is taken. This provides support for the structure of the models we

Parise and Henderson [2001] somewhat uninformatively label these ‘Other alliances’.
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It is clearly just as possible that firms form alliances with partners that have very similar 

technological capabilities as their own. In such cases it is more likely that the failing firm will 

be able to leam fi*om its partner on account of the effort it has put into its own research should 

its own research effort fail to deliver useful results.

In this case we would expect the innovating partner to share the information. We would also 

expect that two non-cooperative firms with a similar alignment of technologies would seek to 

set up a licensing contract. I briefly note which effects such an arrangement would have on 

the models in the chapters below

The underlying assumption in this discussion is that firms either possess or seek to develop 

distinct technological capabilities and do this in a strategic setting^^. This view of firm be

haviour comes close to the ‘dynamic capabilities framework’ set out in Teece et al. [2000]. 

This view stresses that firms are organised around competencies which are not easily altered. 

It provides support for the first interpretation of our firamework set out above, as well as pro

viding a rationale for the emergence of alliances. However they also stress the need for firms 

to adapt their capabilities as new opportunities arise, which suggests that even firms with very 

similar core capabilities may benefit from co-ordination. They clarify that the management 

literature concerned with these issues is young and that therefore concrete evidence for firms’ 

distinct technological capabilities and their alignment is only beginning to emerge.

1.5.3 Are subsidies a useful instrument?

R&D subsidies have been advocated at various points in the above discussion as an instrument 

that could be used to provide an increased incentive to undertake R&D. However our treatment 

of subsidies has been very simplistic, in that it assumes that the government transfers a req

uisite amount of funds to firms and firms then invest these in the projects they were intended

Compare the discussion on page 1.6.1 on page 59 below, 
discuss these issues in sections 2.2.1 on page 91 and 3.3 on page 125 below.

^^The strategic aspect o f the models employed here is further discussed in section 1.6.1 on page 60 below.
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for.

Katz and Ordover [1990] raise a whole list of concerns, which lead them to reject the use 

of subsidies. They note that severe moral hazard may be attached to the use of subsidies, 

for instance where firms set up R&D projects in order to collect subsidies. They also point 

out that when handing out subsidies a government must choose the recipients. It is frequently 

suggested that governments are not very good at this type of choice^*. Martin and Scott [2000] 

put forward a mechanism through which the public sector can provide capital whilst delegating 

the picking of winners to private agents. They also suggest that where innovation is of a more 

incremental nature the degree of uncertainty associated with picking winners will be lower.

As pointed out in footnote 2 above the assumption that government will always be attempt

ing to pick ‘winners’ in the economists sense of the word may also be misplaced. Just as 

finance ministers may set interest rates for political reasons^^, so those responsible for hand

ing out R&D subsidies may be swayed by arguments that have little to do with ‘maximising 

social welfare’. Klette et al. [2000] relate findings that firms supported by Norwegian gov

ernment programs aimed at boosting commercial R&D under-performed a control group of 

non-supported firms. They suggest that the government may have been trying to save firms 

that were doing badly in what was perceived as an important industry. Although there may 

be good reasons for behaving thus, they have little to do with R&D subsidies in the sense of 

Spence [1984]. Furthermore a public choice theorist would emphasise the potential for rent 

seeking activity in this context.

Finally Katz and Ordover [1990] argue that subsidies will always be associated with the dead

weight loss of the corresponding taxes.

If there is imperfect information about the R&D costs of firms on the part of the government, 

a solution can be to switch from subsidising costs to subsidising patents, i.e. to awarding an 

additional prize to successful innovators. Risk averse firms will prefer cost subsidies, however

Martin and Scott [2000] adopt this argument but cite Nelson for a possible exception, where government 
agencies are also the users o f the product for which an innovation is being developed.

^̂ In macroeconomics a large and growing literature on political business cycles exist. Many countries have 
now established independent central banks that are intended to help prevent just such activity.
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as Pérez-Castrillo and Sandonis [1996] show, where firms’ disclosure of know how reduces the 

costs of undertaking joint R&D a cost subsidy will reduce the incentive to share information. 

Notice that the literature discussed above usually assumes that R&D co-operation will reduce 

production costs, but assumes that the R&D cost schedule is unaffected by co-operation.

I discuss these arguments because they represent problems that have not received much at

tention. With the exception of Martin and Scott [2000] there seems to be no attempt in the 

literature on R&D to think through how the optimal provision of subsidies should be organ

ised. In chapters 2 and 3 below the I adopt the approach to subsidies that I ciiticise here. The 

work presented there suggests that subsidies may be necessary complements to policies such 

as the encouragement of RJV formation. If this is correct then a concern about how these 

policies can be made to work effectively is the natural consequence. I do not pursue it in this 

thesis, because it would take me beyond the main theme of the work undertaken here.

A review of the empirical evidence on government support of private R&D can be found in 

Klette et al. [2000]. They do not produce any firm conclusions but show how complex research 

in this area is. Analogously to the theoretical problem of choosing the correct counterfactual 

(Section 1.4.1 above) they find that this is also an empirical problem. The evaluation of the 

effects of subsidies depends very much on the correct identification of how firms would have 

acted if no subsidy had been provided.

1.5.4 Contracts and imperfect information

In the chapters below I employ a four stage model to capture how firms make decisions about 

R&D co-ordination, information sharing, R&D investments and product market competition. 

When analysing firm decisions at each of these stages a framework is assumed of complete 

information and completeness of contracts, which implies optimal provision of effort. These 

assumptions are clearly too strong in the context of innovation.

There is a growing literature that deals with the implications of imperfect information and 

incompleteness of contracts in the context of innovation. However the papers in this literature
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are based on models that often differ substantially from the strategic innovation literature.

I briefly survey this work here because it is likely that an introduction of considerations of 

imperfect information into the literature discussed above would be profitable.

The existing literature has focused on the questions of information exchange (the second stage 

of our four stage games) and the problem of incompleteness of contracts at the investment 

stage (the third stage of our models).

In an RJV with two separate laboratories ^  in which the effort of the partner is unobservable 

or at least not contractible we may expect inefficiencies to arise in addition to those surveyed 

above. Arguments of this type are set out in Aghion and Tirole [ 1994] based on the incomplete 

contracts framework introduced by Grossman and Hart [1986]. However Aghion and Tirole

[1994] consider situations in which only one of the contracting parties undertakes R&D and 

in which the parties are vertically related. Therefore their results are not directly transferable 

to the strategic innovation literature.

The implications of incomplete contracts are likely to be particularly useful in the comparison 

of counterfactuals such as licensing, RJV-formation and mergers. For example Aghion and 

Tirole [1994] use their framework to compare integration and licensing for vertical relation

ships. Their argument stipulates that property rights are allocated between the parties to a 

technology transfer contract in the manner that minimises underinvestment. Furthermore they 

take into account possible limitations of firms bargaining power due to cash constraints.

At the second stage of our models we usually find that firms both inside and outside an RJV 

will share information with one-another . Whereas we assume that both the innovator and 

the recipient are perfectly informed about the value of an innovation this is probably not usu

ally the case. d’Aspremont et al. [2000] analyse licensing in the case where the licensee is 

imperfectly informed about the value of the information to be shared. In their model the in

formation is also an intermediate input into an ongoing R&D process and firms’ R&D paths 

are duplicative. They find that information sharing will always take place. However in their

Martin [1998] and Vonortas [1994] call this a secretariat joint venture. 
The only exceptions to this finding are discussed in chapter 4 below.
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model the information flow between the firms is only in one direction.

Pérez-Castrillo and Sandonis [1996] analyse a model in which both firms have information 

that is valuable for the partner. They show that profitable RJVs may fail to start where firms’ 

disclosure of private information is not contractible. Where RJVs do form they show that 

contracts that elicit full information sharing will often involve penalty payments in case of 

breakdown of the joint venture. As discussed in the previous section they also show that op

timal subsidies should be directed at patents where the knowledge to be shared affects firms’ 

costs of undertaking R&D. Their analysis also shows that RJVs (which are characterised as 

being a more complex form of contract involving an ex ante entrance fee) may make informa

tion exchange possible in situations in which licensing contracts alone would fail. Our own 

findings in chapter 3 also suggest that RJVs may sometimes allow firms to overcome problems 

of exchanging information that licensing contracts cannot solve.

The literature on incomplete contracts and imperfect information is broader than the two con

tributions discussed above. An overview may be found in Rosenkranz [1998]. The models in 

this literature are often very different fi*om those used in the strategic investment literature and 

therefore their implications for it are not always clear.

1.5.5 RJV formation

I showed above in section 1.4.1 that RJVs form both in industries which are characterised by 

high licensing activity and in industries where licensing activity is relatively low. Furthermore 

at least in some of these industries firms are also often likely to access innovations through 

the acquisition of firms. From these observations the question arises what prompts firms to 

opt for the formation of RJVs as opposed to the alternative contractual forms of technology 

transfer^^.

The work surveyed in the previous section provides some theoretical foundation for the view 

that RJVs will be formed where licensing contracts are not feasible for reasons of asymmetric

alternative question about RJV formation is what types of firms are likely to form alliances with one 
another. I do not survey this question which has also given rise to several strands o f work.
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information. The model from which Pérez-Castrillo and Sandonis [1996] derive this prediction 

features a strong asymmetry of the contracting parties.

An alternative explanation for the formation of RJVs is derived from transactions cost eco

nomics in Oxley [1997]. She suggests that contracts may be ordered according to the degree 

of hierarchy which they embody. The more hierarchical a contract the more firms move away 

from a spot market type interaction towards integration. Firms will choose more hierarchical 

contracts where appropriability hazards are greater. Such hazards include problems arising 

from incompleteness of contracts and asymmetry of information that were surveyed in the 

preceding subsection. These hazards can be reduced in more hierarchical contracts because 

these involve the setting up of bilateral dependencies that make opportunistic behaviour costly.

Transactions cost economics posits that more hierarchical contracts are costlier to set up. The 

implication is that firms will choose the formation of an RJV over licensing, where the added 

monitoring possibilities and the greater incentives to provide effort that arise from hostage 

exchanges like a cross-licensing arrangement are worth the extra cost of the more hierarchical 

contract. The most hierarchical contract possible here is the formation of an equity based joint 

venture.

An important tenet of transactions cost economics is that the unit of analysis is the transaction 

and not the business unit. This implies that otherwise identical firms may choose different 

kinds of contracts depending on their partner in a contract or the particular technology which 

is being transfered. Although the appropriability hazards that affect a given transaction are 

hard to observe Oxley [1997] provides some indirect evidence supporting this theory.

In chapter 3 I show that high costs of absorbing outside R&D can lead to endogenous asym

metries between firms when these coordinate R&D. In the context of such asymmetries high 

spillovers will create a moral hazard problem which the firms cannot solve through the use of 

licensing contracts. This implies that the firms will either choose a suboptimal degree of co

ordination or the formation of an RJV. There are clear parallels to the papers surveyed above. 

However my own work is built on the implicit assumption that the formation of an RJV im

plies that firms have no incentive to withhold information from one another. This assumption
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clearly needs to be addressed as the discussion in the previous subsection shows.

1.6 Conclusion and review of the following chapters

In each of the following three chapters I present and analyse a model of R&D co-ordination 

and co-operation. All three models have a number of features in common which I discuss 

here. I then go on to a brief description of the questions posed in each of the chapters.

The models are closely related to one another. They can be understood as a progression 

of modelling approaches applied to the problem of research co-ordination in the context of 

different assumptions about firms’ research environment.

1.6.1 Common features of the models in chapters 2,3 and 4

The models employed in the following three chapters are four stage models with a probabilistic 

structure at the R&D investment stage. The four stages of these models are:

Stage 1 The firms co-ordinate R&D, either by co-ordinating the directions that each firm’s 

research takes, or by choosing how to organise the research process most efficiently.

Stage 2 The firms invest in R&D. I assume that the firms investment determines a probability 

with which the firms achieve a given cost reduction!

Stage 3 Conditional on the outcome of the innovation stage the firms must determine how 

much of the technology acquired through innovation they wish to share with the other 

firm(s) in their industry.

Stage 4 The firms compete in the product market.

This structure adds stages I and 3 to the more usual two stage models used in the strategic 

investment games literature. The probabilistic element at the second stage marks an additional
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departure from models in the tradition of d‘Aspremont and Jacquemin [1988] and Kamien 

et ah [1992].

Introducing uncertainty at the R&D investment stage has the implication that firms may end 

up having different marginal costs once innovations are realized after Stage 2. of the game.

Should only one firm innovate, this firm is at an advantage, either because it has lower marginal 

costs or because there is an opportunity for the sale of a license. In both cases the firms’ would 

prefer to be the sole innovator and this introduces a strategic aspect into the R&D investment 

decision which is absent from deterministic models of innovation such as those cited above. 

Below I refer to this incentive as the strategic investment effect. It should be noted that this 

differs from the strategic investment incentive I discuss on page 28 above.

Notice that I always assume that both the firms in the RJV and non-cooperative firms must 

decide how much technology to share. In the welfare evaluation I undertake in each of the three 

analytical chapters I always compare the efiiciency with which either mode of co-operation 

on R&D allocates resources to the provision of cost reducing innovation.

Strategic R&D co-ordination The choice of four stage models involves the implicit sug

gestion that firms act strategically when co-ordinating on R&D. This can have effects on the 

level of R&D investment at Stage 2. of the games I investigate below. The question arises 

whether the results derived in the following chapters are sensitive to this modelling approach. 

I briefly discuss this issue here.

While it would be possible to capture the models considered in chapters 2 and 3 in three stage 

games involving simultaneous R&D co-ordination and investment this is not possible in the 

fourth chapter.

In that chapter the firms in an RJV initially choose the number of laboratories to operate. 

This decision must be taken before the RJV can choose the level of R&D investment as the 

cost structure of R&D differs substantially between the two cases. Furthermore in this model 

the non-cooperative firms are unable to change the cost structure of their R&D by definition. 

Therefore strategic behaviour at the first two stages of this model will not arise in the non
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cooperative case. We would also expect any such behaviour to be endogenized in the co

operative equilibrium. Therefore the four stage nature of the model in this chapter does not 

lead to strategic behaviour.

In the second and third chapters matters are different. There strategic behaviour does arise 

in the non-cooperative equilibrium. In the second chapter it is shown that non-cooperative 

firms may choose not to differentiate their research paths. This result arises from strategic 

behaviour. The same result also arises in the third chapter. However it is discounted there^  ̂

and has no impact on the main results derived in that chapter.

The four stage model used in chapters two and three implies that firms will invest in R&D only 

once they have certainty regarding the degree of complementarity of their own research and 

that being undertaken by their rival. This approach captures situations in which firms are able 

to observe the R&D directions chosen by rivals and can condition their own R&D spending on 

these. It seems likely that this happens in many cases and I discuss related literature in more 

depth on page 1.5.2 on page 52 above.

In particular it captures cases in which non-cooperative firms are unable to commit to reducing 

the effort they undertake in doing R&D at the second stage of the game. Anticipating this 

inability to commit the firms choose the degree of differentiation of their R&D strategically 

with the aim of affecting their rivals’ choices at the second stage. This can for instance induce 

lower equilibrium research efforts and greater profits^.

Where firms cannot behave strategically when choosing research strategies some of the con

clusions derived in chapter 2 are not applicable and I note that in my discussion of these on 

page 106.

I now turn to a brief review of the questions I am concerned with in each of the following three 

chapters.

Compare the discussion in section 3.4.4.3 on page 151 below.
^Compare the discussion of result 2.5 in section 2.3.1.6 on page 106 below.
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1.6.2 Chapter 2

In this chapter we model the co-ordination of research paths by firms that co-operate on R&D. 

We do this by introducing a two dimensional technology space within which firms must co

ordinate the directions which their research takes.

We use this framework to compare the choices at stages 1-3 of the four stage game set out 

above by firms that co-operate on R&D within an RJV and firms that co-operate on R&D by 

licensing information to one another.

We seek to establish :

• how the choices that firms make about R&D co-ordination are affected by type of R&D 

co-operation they are engaged in;

• which of the two forms of R&D co-operation comes closest to the social optimum;

• which policies will be best suited to attaining the social optimum.

The chapter provides a model that provides one possible foundation for the ‘Ruff equation’ 

(equation (1.2)) introduced above. The model also suggests one possible reason why this 

expression may sometimes fail to capture firms’ choices about R&D co-ordination.

The welfare analysis in the chapter is based on explicit calculations of welfare losses in the 

co-operative and non-cooperative equilibria. In order to be able to provide these calculations 

we simulate our model. This allows us to disentangle the magnitudes of the different welfare 

effects in a manner which a more qualitative approach would preclude.

In section 6.1 on page 247 of the final chapter of this thesis I provide and describe the code 

we use to simulate the model introduced in chapter 2.

1.6.3 Chapter 3

In this chapter I analyse the effects of investment in absorptive capacity in the context of a 

model of co-ordination of research paths and R&D co-operation. I make use of the same
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model of co-ordination as in chapter 2.

As discussed in section 1.5.1 on page 47 costs of achieving absorptive capacity arc likely to 

be important in some of the industries in which RJV formation is frequently observed.

As I point out there it has been suggested that where firms invest heavily in absorptive capacity 

the appropriability problem can be compensated by this investment incentive and therefore 

public policy measures that seek to redress this problem may be less important or unnecessary.

By formally modelling the effects of costly investment in absorptive capacity I seek to show 

that:

• firms underinvest in absorptive capacity irrespective of the mode of R&D co-operation 

that they have chosen;

• that this gives rise to further welfare losses and that these complicate rather than simplify 

the public policy problem;

• that allowing RJV formation and providing R&D subsidies are complementary policies 

when absorptive capacity is costly.

In this chapter I provide another example of a case in which the Ruff equation is not applicable. 

I also show that firms may choose different roles in the process of reducing joint costs in spite 

of being ex ante identical.

1.6.4 Chapter 4

In the last analytical chapter of the thesis I turn to the problem of research co-ordination when 

firms are concerned with the organisation of the R&D process and not with the direction that 

R&D should take.

This paper is based on previous work by Katsoulaeos and Ulph [1999]. They showed that 

the welfare analysis of this type of co-ordination produces more ambiguous results than that 

which I undertake in the preceding two chapters.
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In particular they showed that firms in RJVs may sometimes behave anti-competitively by not 

sharing the full amount of available technology with one another.

My approach in this chapter is therefore to seek to establish whether the introduction of varia

tion in the competitiveness of the product market can provide exogenous factors that allow us 

to make more specific predictions about welfare.

In particular I seek to determine:

• whether their finding that firms behave anti-competitively is robust to variation in the 

degree of product market competition;

• whether RJVs are ever more efficient than non-cooperative firms when organising the 

R&D process;

• whether it is possible to characterise cases in which RJVs certainly are and cases in 

which they certainly are not more efficient than non-cooperative licensing in terms of 

parameters that are connected to variation in product market competition.

Especially the connection of the general welfare predictions which I derive to the degree of 

variation in product market competition turns out to be quite complex.

In this chapter I make extensive use of simulation techniques in order to test the hypotheses 

that I derive analytically. I employ two widely used models of product market competition 

and introduce a great deal of variation into these.

The simulation code for this chapter can be found in the last chapter of this thesis in section 6.2 

on page 255.

This concludes my review of the following chapters.
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Appendix to Chapter 1

1.7.1 The derivation of Figure 1.2

Figure 1.2 is replicated here for convenience. I have provided additional labels here, as the 

discussion below will introduce additional cases, that were not discussed in the text above.

■ A  i + a  + Hi + iv + V + vi

RJV̂=o ' + " +

In this section of the appendix I derive the principal relationships which make up figure 1.2 

using the framework introduced in section 1.4.2 above. I assume throughout that there are two 

firms 1,2 in the industry. As the two firms are entirely symmetrical I will sometimes index 

variables that are identical for both firms with /, where I assume that i e  {1,2}; e.g. a common 

level of investment in R&D is denoted by

I will show that:

1.) The undervaluation effect implies that xf > xf. Because I assume that A and B are 

points at which firms fully share their knowledge with one another this also implies that 

.
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2.) The greater is the involuntary spillover of information, the less a representative non- 

cooperative firm will invest in R&D, if it behaves strategically.

3.) The greater is the degree of partial information sharing within the RJV the greater is its 

investment in R&D.

4.) That the combined influence of the reduced strategic incentive effect (iv) and the strate

gic spillover internalisation effect (v) is always positive.

These five points will are almost enough to underpin a diagram such as that set out in figure 

1.2. The missing ingredient is the proof that x f > xP. This cannot be provided in general 

given the framework I use here. It follows from Proposition 3 in Leahy and Neary [1997] as I 

discuss in section 1.3.1 on page 29 above.

I will show in the following section that the ordering applies to two widely used models of 

RJVs. It would also apply in the models which 1 employ in the chapters below if the non- 

cooperative firms did not license technology to one-another.

In order to be able to derive the above results 1 will make the following assumptions:

I.) 1 assume that firms’ quantities of output are strategic substitutes, i.e. ^  1 

will briefly characterise the implications of assuming that firms’ quantities of output are 

strategic complements below.

II.) 1 assume that at both the first and the second stage of the game a unique, stable equilib

rium in the firms’ choice variables exists. The second order conditions that characterise 

such equilibria and the stability conditions necessary are set out in Leahy and Neary 

[1997]. For my purposes the most important implication of these conditions is that 

^  < 0, where â  represents a variable which the firm is optimising over.

111.) 1 assume that the equilibrium is symmetrical. This assumption is imposed to rule out 

asymmetrical equilibria that may exist such as those found by Salant and Shaffer [1998].

^^The conditions under which the first statement implies the second are set out in Tirole [1988] on page 220.
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I rule these out because introducing asymmetries into the above diagram would make it 

unwieldy. Nonetheless in principle such asymmetries could be integrated.

IV.) I assume that consumers’ surplus increases when firms’ costs of production fall.

I consider three different cases in which a representative firm chooses the optimal R&D in

vestment: a non-cooperative market with varying levels of spillovers, an RJV within which 

firms share technologies to varying degrees and the social optimum.

In order to derive the amount of cost reducing knowledge x- that a firm will invest in in each 

of these cases I set out the firms’ objective functions for each case and then derive a first order 

condition that will implicitly define jc..

Using these implicit relations I will then show what effect varying degrees of spillovers have 

on firms’ behaviour in the non-cooperative equilibrium and in the RJV.

To begin with I show how the social surplus S generated by an innovation can be related to 

joint profits E and firms individual profits I defined the firm’s profits in equation (1.3) 

above.:

5" = Œ  + E -  T(%̂ ) -  r(%2) 'L = 7ï i +7ï2 (1.9)

As stated above the strategic investment literature which I am summarising here is based 

on two stage models. At the first stage of these the firms simultaneously pick their R&D 

investments and at the second stage they pick the quantities or prices which they set in the 

product market. These games are solved by backward induction.

In the derivation below I assume that the firms compete in quantities at the second stage of 

the game. The first order conditions that characterise the second stage equilibria require that 

^  = 0. This condition will be used below. I do not characterise the second stage equilibria 

any further, as this is unnecessary for my purposes here.

I now turn to the first stage objective functions that characterise the R&D investments of the 

non-cooperative firms and the RJV. I derive these in a very general manner, which will allow
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me to characterise under what conditions I can use simpler derivation methods in the chapters 

that follow.

1.7.2 The first stage objective function of the non-cooperative firms

At fie first stage of the game the objective functions of the non-cooperative firms that choose 

their optimal investment in R&D simultaneously and that are facing a common involuntary 

spillover cr are:

max [/?i(Ci, C2 I  ^2 (^1, C2 )) -  r(Xi)]

max [^2 (^1, C2 I  ^2 (^1' <̂2)) -  r(%2 )] (1.10)

The objective function I introduced in equation (1.3) above nests the functional form used 

here. The corresponding first order conditions are:

^  -  —  =  0
dc^ dXy dq2 dc^ dX^ 5^2 ^ ^ 2  ^ ^ 2

dRi dc  ̂ dR  ̂dq̂  dc  ̂ dR  ̂dq, dc, _ q Hi n
dc2 dX2 dq^ dc2 dX2 dq^ dc^ dX^ dx2

/ a Hi

Thee two conditions are entirely symmetrical. They implicitly define the non-cooperative 

firms’ investment in R&D x^Ccr). Terms i and ii in the above expressions correspond to the 

first term in equation (1.5). Term Hi above corresponds to the last term there, which captures 

the ippropriability problem.

In deriving these first order conditions I have made no assumptions about the levels of costs 

of tie two firms or about their revenue functions R. The first order conditions here therefore 

appy to a very wide range of cases. In all the chapters below and in the derivation here I do 

not require this level of generality. I always assume (Assumption III above ) that the firms are 

entfely identical ex ante. This allows me to restrict the general problem in ways that are very 

heljful as I show below.
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To prove claim 2.) above I must show that: < 0. I use the implicit function theorem to

do this.

Notice that in applying the implicit function theorem here I am assuming that an equilibrium 

to which I can apply this theorem exists. I apply the insights I derive from the expressions 

developed here to models which are typically linear so that the existence of equilibria can be 

established very easily^^. I do not pursue the problem of existence any further here because I 

am interested in statements I can make about existing equilibria and not statements regarding 

the conditions under which such equilibria exist.

Define F = ^  and G = ^  as well as = /((x) and = g(cr). I follow the solution method 

as set out in Pemberton and Rau [2001] to derive the sign of

In order to reduce the amount of notation in the following derivation I will re-express the first 

order conditions as follows:

dR, dc, dR, dcy dY
— - — -1 + — - — -c r  = 0
dci dX^ do2 dX2 dx^

dY
dc2 dX2

dRj d c j ,

1 +  -
dc2 dX2

i+ii
do y dX^ dx^

=  0

I totally differentiate the first order conditions w.r.t. cr:

da-
ÔF
dx.

+ i l  + ^^1 ^ ‘=2̂ 2 , d - — 1
dc^dX^ da-Vdc^ d x \d X ^  ) dc^dX^ [dX^ ) dx^i

dF_
dxi

+
d A d c^d X ^ \dX^ ) dc^dX^ [dX^ = 0

‘̂̂ Compare footnotes 5 and 6 in d‘Aspremont and Jacquemin [1988] for instance.
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dG
d a

dG
dx-,

ôR2 dc  ̂ ^ dg  r5i?2 dc2 ( dc2 A  ^  ^ 2  (  A
dc  ̂ dXy^dcr\-dc2 dX2 \dX2  ^  de  ̂ d X ^  x^X^ )  dx2^

âG
dx.

+
d f i dR2dc2 {dc^ ' 
dcr\-dc2dX2 \dX2

dR2 de,+ ^ - r r ^ c r
de.

de^ dX^ \dX^

Define the 2 x 2  matrix J  as the Jacobian matrix of the functions {F, G):

+ 1 = 0 ( 1.12)

J  =
dF
dxx
ÊÜ.
dx.

ÊLdx2
dG
dx-,

(1.13)

Following Pemberton and Rau [2001 ] the invertibility of /  is a sufficient condition for a unique 

local solution = /(cr) and %2 = g(<r) to exist and to be differentiable.

If / i s  invertible the solution of equations (1.12) is:

(1.14)
ÊL
da

=  - / - ‘
da

ÊS. dG
à<T _ .da-.

The inverse of /  is:

dF dG 
dx̂  dx2

§FidG_ 
dx2 dx̂

dG dF
dX2 dX2

dF
dx. dx.

(1.15)

and by symmetry and equation (1.14):

dx îicr)
dcr

dG dF  , _ d f i d G  
dx2  d a  dx2  da
d^dG 
dx, dx-.

d^dG 
dx-, dx.

(1.16)

Notice that assumption II. above implies that the denominator of the r.h.s. expression above 

is positive and that ^  < 0. Therefore the l.h.s. expression will be negative as long as the 

numerator of the r.h.s. expression is positive.
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Since the two firms are assumed to be entirely symmetrieal (assumption III. above) I can 

deduce that:

dx^ d%2 

dxj dx  ̂

d(j dcr
dx^(cr) dx^(cr)

(1.17)
do- dcr

These equalities together with assumption 11. also imply that ^  ^  < 0. Then equation

(1.16) can be reduced to:

n X d G ^ ,_ ^ d G  df
c/xy(cr) _ dxj da- ^  dx2 dcr _  ^

firr ~ dF̂ dG _ d^dG ~ dF. , d fi  
dxi dx2 dx2 dxi ôx, ôxj

< 0  (1.18)

Assuming that firms’ outputs are strategic substitutes we know already that ^  0

(Compare equation (1.5)). 1 showed above that ^  ^  < 0, therefore it is true that an

inerease in the involuntary spillover will reduce the investment in R&D by non-cooperative 

firms whose output quantities are stratégie substitutes.

This proves elaim 2.) above. 1 define point D as the point Similarly 1

define point F as the point (jcjo-=o» ~ ^o-=o)- Our result above shows that point F will be to 

the right of point D in the diagram and we know that point D will be on the ray from the origin 

defined by = 2x- whereas point F will be on the ray fi*om the origin defined by = x..

Notice that the last expression in equation (1.18) would arise if 1 had just written down one 

first order eondition to characterise the identical first order conditions for firms one and two 

(eompare (1.11)) and applied the implicit function theorem to that equation. In the chapters 

below 1 will often characterise the first order conditions for the non-cooperative firms using 

just one such expression. As 1 have shown here, this is true as long as the firms are identical 

ex ante.
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Now I turn to the profit maximising investment of an RJV.

1.7.3 The first stage objective function of the RJV

The objective function of two firms forming an RJV in which each firm shares a proportion cr 

of its knowledge with the other is:

max[/?i(Ci, C2 I  C2 )) + ^2)' ^2(^1, ^2)) “  “  ^(^2 )] (U 9 )
Xi,X2

The corresponding first order conditions are:

^  dR2\dc2 (fr
dxy dq2ÔCi dq^dcJdX^  \ ^ ^ 2  ^(^2 dc2>dX2 dx^
dl^ _ /ÔR2 ^  ÔR2 dq^ ^  dR^ 5^2 \ ^ ^ 2  j ^  ^ ^ 2  _j_ ^  cfT _ ^
dx2 ^dc2 dq  ̂ dc2 5^2 ^^2 ^-^2 ^ ^ 1  5^2 dCyfdX^^ dx2

( 1.20)

_ ÔR2 dc2 ÔR2 dq̂  dc2 dR̂  dq2 dc2 57?2 dq̂  dĉ  dR̂  <9̂ 2

dc2 dX2 dq̂  dc2 dX2 dq2 dc2 dX2 dq̂  dĉ  dX̂  ^  ^  5 ^ 2  ^  dX̂  ^

- f  = «a%2

These two conditions are entirely symmetrical. They implicitly define the RJV’s investment 

in R&D xT(cr). In addition to the three effects that jointly determined the amount of R&D 

investment by the non-cooperative firms in equation (1.11) we have a further three effects 

which arise because the RJV is maximising joint profits. I discuss all of these effects here:

i This is the marginal private return to R&D which a non-cooperative firm that behaves non-

strategically equates to its marginal cost of R&D. Therefore I call this the non strategic 

investment incentive . This incentive affects the R&D investment of a non-cooperative 

firm that behaves strategically and the R&D investment of an RJV positively.

ii This is the strategic investment incentive which increases the R&D investment of a strate

gically behaving firm over that of a non-strategically behaving firm in a non-cooperative
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equilibrium. It affects the R&D investment of strategically behaving firms in an RJV in 

the same way.

iii This term captures the appropriability problem and reduces the R&D investment of a

strategically behaving firm in a non-cooperative equilibrium. This is because the firm 

realizes that some of the return to its own R&D investment leaks out to the competing 

firm and lowers those firms costs. As stated above Leahy and Neary [1997] show that 

when the involuntary spillover level is low term ii will dominate term »/, whereas when 

spillovers are maximal the reverse is true. This effect also affects the R&D investment 

of a firm operating within an RJV.

iv This term captures the reduced strategic investment incentive that arises in an RJV. It

reflects the realization on the part of the firms within an RJV, that their R&D investment 

has negative effects on the profits of the partner within the RJV by reducing their own 

costs. This effect counteracts the strategic investment incentive and reduces the R&D 

investment of the RJV. The sign of this effect depends on the assumption that firms’ 

outputs are strategic substitutes.

V This term captures the spillover internalisation effect that arises in an RJV when firms be

have strategically. It reflects the firms’ realization that their strategic investment in R&D 

increases the profits of their partner firm by lowering its costs (via the R&D spillover). 

This effect will increase the R&D investment of the RJV.

vi This term captures the reduced stand-alone effect that always arises in an RJV. It reflects 

the firms’ realization that the component of their investment into R&D that arises due to 

effect i also lowers their partners costs and thereby increases the partners profits. This 

effect will also increase the R&D investment of the RJV.

The interaction of all these effects is complex. Figure 1.2 above can help to characterise the 

different outcomes that arise where firms invest cooperatively or non-cooperatively and where 

firms invest strategically or non-strategically.
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To begin with I show here that increased sharing of technologies by firms within an RJV 

will raise each firms’ own investment in R&D, i.e. that > 0. Further below I will 

then discuss how the implications of this finding together with the interactions of the effects 

described above are captured in Figure 1.2.

To show that > 0 1  will again make use of the implicit function theorem as above. To 

begin with I re-express the first order conditions in equation (1.20) in a more succinct way in 

order to reduce the number of terms in the derivation below:

^  + /É &  + ^ \ É £ l a -  - ^  =
dx, \dcy dc^'dX^ dc^ldX.. dx.

<=>

dxy

dxj

dx^

dcj ' dXj dx^
0

= & .  + l ^  + -  —  = 0
Wco dc2 'dX 2  ^dc, dcJdX , dx^dc  ̂ dc  ̂IdX^
dR2  dcj , dR, dc2  , dRj dc, dR, dc.
dc2 dX2 dc2 dX2 dc  ̂ dX^ dcy dXy

dT
dx,.

=  0

51 dR^ dc2  , dR^ dc,
<=>—  =  -1 + *

5%2 dc2 dX2
dr

or -
dc  ̂ dX^ dx

= 0 where R^ ^  R^-\- R^

( 1.21)

ni+v+vi

Define F ' = ^  and G' = | |  as well as /(cr) = x  ̂ and ̂ cr) = as before. Totally differenti

ating the first order conditions for the RJV w.r.t. cr I get:

dF'
da

dF'
dx.

dR^ dc2 d f  r5F^ dc^ (dc^ \  dR^ Jc j _2

' ^ l ) C ' ^ U c ' ^ d X ^ \ d x C dc2 dX2
dF'
dX2

cr dc2
+ 1

^ dgrdR^ dcy 
5cr L5cj dX^^

dc, \  dR^ dc2  

‘ +  1 +  ^
dX, 5c?2 dX2

cr dc2
dX„

+ 1 =  0
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d C
da

dG'
dx-,

dR^ de y dg rdR^ dc2 ( dc^
■ +

dc  ̂ dX^ dcridc2 dX2 \dX2
+ 1 +

ôR^ dc^ 2 ( dc^
cr

dc^ dX^ \dX^
dO'
dx.

^  d f  de
d(j L de2 dX2

( de2  dR^ de, (de,
de^ dX^ \dX^

+ 1 =  0 (1.22)

Define the 2 x 2  matrix J  as the Jacobian matrix of the functions {F', G'). We can then derive 

by the same method used to derive above. I omit the steps that correspond to 

equations (1.14)- (1.16) here.

dyf,̂ {(T)
dcr

dGidF_ , dF' dG' 
dxi da  dx2  d a
dF' dG' 
<9%] dx2

dF' ÔG' 
dx2 dxi

(1.23)

As before the symmetry of both firms implies that:

dF' dG'
dx^ dx2
dF' dG'
d%2 dx^
dF' dG'
dcr dcr
dxfiicr) 5x^(cr)

dcr dcr (1.24)

which means that equation (1.23) can be reduced to

dx\(o-) d G id ^  , dF' dG' 
dx2  d a  dx2  da

dcr drdG_dTdGi
dx̂  dx2

dF' dG' 
dx2 dx̂

dF'
d a

dF' I dF  
dx̂  dx2

7  > 0 (1.25)
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Just as in equation (1.18) the denominator of the last expression above must be negative by 

assumption II. The numerator of the expression is positive as I now show:

r .  , dR, dR  ̂ ,By symmetry and

dRy ÔR2  dP dQ dq^ dP dQ dq,
0 ^  -  -?2 < 0

Here I make use of the fact that R. = q-(P{Q) -  c-), where P(Q), < 0 is the inversedQ

dc, ~~ dc

4.) above.

demand function the firms face and symmetry implies that ^  This also proves claim

The result expressed in equation (1.26) implies that as the amount of information shared rises 

rises too, which proves claim 3.) above. The firms in the RJV internalise the effect of the 

spillover. I stated on page 33 above that an RJV in this thesis will be taken to be sharing 

knowledge completely if this is profit maximising (which it almost always is). This implies 

that such an RJV will be situated at point B defined as X? = in figure 1.2. An

RJV in which the firms maximise joint profits but share no technology at all will be situated 

at point E defined as X f  = Point B will be on the ray from the origin defined by

X  ̂ = 2x. and point E will be on the ray from the origin defined by X. = x̂ ..

Notice that just as the first order conditions for the non-cooperative firms could be reduced 

to a single expression here the two first order conditions given in equations (1.21) above can 

be reduced to a single equation as long as the assumption holds that the firms face ex ante 

identical optimisation problems. If one were to apply the implicit function theorem to such an 

equation the last expression in equation (1.25) can be derived.

The question that now arises is what I can say about the relative positions of points B and D.

The expressions arrived above do not allow me to directly compare the strength of the effects 

i -  yi for the cooperative and non-cooperative firms. One of the main advances in Leahy and
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Neary [1997] is that they provide an analytical framework which makes it possible to compare 

the overall impact of these effects on the relative ordering of R&D investments in the two 

equilibria.

Here we can say that as long as the effects are not too different in the two equilibria it should 

be clear that we can expect that xf > xf by comparing the first order conditions given by 

equations (1.11) and (1.20). The difference between the incentives to invest faced by a non- 

cooperative firm and a firm in an RJV at these two points is given by effects iv, v and vi as 

defined in section 1.3.1. As is clear from (1.20) effect vi is positive. Furthermore I showed 

just above that claim 4.) is true, so that the sum of effects iv and v is positive.

The implication is that point B will usually be to the right and above point D in figure 1.2. As 

I discuss in section 1.3.1 on page 29 above Leahy and Neary [1997] show that this is generally 

the case.

Turning to the relative positions of points E and F we can use the same type of argument to 

show that xf = X f  > x f = X^. It is clear that when spillovers are zero the incentives to invest 

in R&D in the non-cooperative equilibrium are i + //, whereas in the case of the RJV effect 

iv also has to be taken into account. This effect is clearly negative as equation (1.20) shows, 

whereas i and ii are positive.

This shows us that point E will usually be to the left and below point F on the ray fi*om the 

origin defined by x,. = X .̂ This is also proven to be generally true by Leahy and Neary [1997].

These findings imply that the two curves B-E and D-F will usually cross. When this is the case 

there will be a critical spillover level for which the firms’ investments in R&D in a cooperative 

equilibrium are the same as those in a non-cooperative equilibrium.

This spillover level is 0.5 in d‘Aspremont and Jacquemin [1988] and can also be found in 

Kamien et al. [1992]. The examples in the following section illustrate the existence of the 

‘critical’ spillover levels.

It remains to show that in the social optimum the investment by each firm in R&D, xf will be 

greater than in the RJV that shares information fully and to investigate non-strategic behaviour.
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The objective function in the social optimum is:

max [5(Ci, Cj) -  T(xi) -  Hxj)] (1.27)
X],X2

The resulting first order condition is:

dS dc, dX, dS do, dX, dY ^--------L----L _|_------- £--£  = 0
do, dX, dx, do2  dX2  dx, dx,

(1.28)
dx, dx, dx, dxf[

Here I assume that ^  < 0. This assumption implies that any reduction in costs will increase 

consumers’ surplus, which will be true for most models used in the literature on RJVs.

Now I can show that x f > x f  using the same type of argument as above:

dxf dxf dx, dx, ^  dx, dx, ^  dx, dx.

This holds by assumption IV. above.

The above result shows that point A defined as {xf,X f = 2xf) lies to the right and above of 

point B on the ray from the origin given by 2X̂  = x-, which proves claim 1.) above.

My results about the curves connecting points B and E as well as points D and F depend 

crucially on assumption I. If this assumption is reversed (i.e. the quantities of firm outputs are 

assumed to be strategic complements) then > 0 and > 0.

1.7.4 Two examples from the literature

In this section I illustrate the that xf > xf holds for the RJV models in the ‘core’ papers on 

RJVs. To do this I fall back on the examples of these models that are provided in Amir [2000]. 

In particular he compares the model introduced by d‘Aspremont and Jacquemin [1988] to a 

version of Kamien et al. [1992]. I make use of his expressions to plot the two models in the 

form of figure 1.2.
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Figure 1.4: The d‘Aspremont and Jacquemin [1988] model in terms of figure 1.2.

Here 7 = 4, b = I, a ~ A  = \
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This first diagram presents the model introduced by d‘Aspremont and Jacquemin [1988]. On 

the x-axis we have the cost reductions achieved by each firm and on the y-axis the total cost 

reductions achieved by both firms.

The diagram illustrates that the non-cooperative firms would produce the greatest R&D cost 

reduction if the spillover were kept at 0.5, a fact which is remarked upon and analysed by 

Amir [2000]. The plot also clarifies the size of the undervaluation effect.

The second diagram below illustrates the model of Kamien et al. [1992], using the cost func

tion specified by Amir [2000]. In this diagram the x-axis represents firms’ R&D investments 

and the y-axis the resulting total cost reductions.

We can see that the non-cooperative firms faced by an involuntary spillover of cr = 0 in this 

model choose a level of R&D investment that is equal to that in the RJV when spillovers are 

complete. However the plot shows clearly that the non-cooperative equilibrium is far less 

efidcient. The curvature of the lines in this model arises from the fact that Kamien et al. [1992] 

define their model in such a way that the R&D cost function is linear.
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Figure 1.5: The Kamien et al. [1992] model in terms of figure 1.2

Here y -  A, b -  \, a -  c = \
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Chapter 2 

Technology Policy with Complementary 

Research Paths: the Complementary 

Roles of RJVs and R&D Subsidies

In this chapter we investigate the complementarity of promoting Research Joint Ventures (RJVs) and 

of subsidising R&D. We compare RJVs and licensing by non-cooperative firms. We allow for the 

coordination of research paths by the firms. We find that the RJV will always choose complementary 

R&D paths, whereas the non-cooperative firms may not. We show that the policies of RJV tolerating 

RJV formation and R&D subsidies are complementary. We also show that formation of RJVs without 

an R&D subsidy can reduce welfare.
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2.1 Introduction

In the introductory chapter of this thesis I discussed the market failures affecting the inno

vation process, that have been identified in the literature on innovation and RJVs. The most 

fundamental of these is of course the appropriability problem, which, in the absence of a 

system of protection for intellectual property, would lead to widespread copying that would 

seriously reduce the return to discovery and produce a very low pace of innovation. Most 

countries therefore operate a system of intellectual property rights of which patents are the 

most obvious part. However, even with such protection in place a number of market failures 

still remain^ :

i There may be insufficient sharing of technologies. Firms may not always choose to 

license their discoveries. This can have two consequences. In can lead to excessive du

plication where firms pursue identical research paths. Where firms pursue complemen

tary research paths, the failure to share technologies means that there are insufficiently 

exploited complementarities^.

ii Firms may undertake the wrong level of R&D spending. There are four potential sources 

of failure here.

a The undervaluation effect means that firms value only profits and not the entire 

social benefit from new discoveries, and this leads to under-investment.

b The stand-alone effect means that in deciding how much R&D to do firms consider 

their own profits and not the profits of all the firms that might potentially benefit 

from a new product or technology. This again leads to under-investment. 1 called 

this effect iv in the previous chapter.

c However there will also be a strategic investment effect^. It arises because each 

firm seeks to avoid being left behind by not innovating. This effect is specific

T have previously discussed some o f these market failures in section 1.2 on page 22
^The models in chapters 2 and 3 o f this thesis focus on models o f complementary research paths, whilst I 

investigate the implications of identical research paths in chapter 4 below.
^This is introduced on page 60 below.
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to models in which firms may end up in asymmetric competitive positions once 

innovations are realized in spite of ex ante symmetry and the same R&D inputs. It 

should be noted that this effect is not the same as the strategic investment incentive 

discussed in section 1.3.1 on page 28.

d Finally to the extent that patent protection is imperfect and there are un-rewarded 

knowledge spillovers between firms, firms acting on their own will fail to inter

nalise these spillovers. This is just the appropriability problem that leads to under

investment.

iii There can be inadequate research co-ordination. Again this can take two forms. In the 

case where firms are pursuing identical research paths it may make sense to operate just 

a single research laboratory rather than multiple labs, so we get the wrong number of 

laboratories'^. When firms are pursuing potentially complementary research paths they 

may not be able to co-ordinate the directions of research they are pursuing, and so we 

get insufficiently co-ordinated research paths.

The role of technology policy is to try to correct these market failures. Two major policy 

instruments have recently received a lot of attention - R&D subsidies, and the promotion of 

collaborative research through RJVs.

Now it is clear that while R&D subsidies can potentially address the market failures in (ii), 

it is unlikely that, by themselves, they can address the market failures in (i) and (iii). The 

promotion of research joint ventures is widely advocated as a means of correcting many of the 

market failures noted above, though it is important to notice that RJVs cannot address market 

failure (ii)-a - the undervaluation effect - since they too will have profits as their principle 

objective. This suggests that a desirable technology policy will involve a combination of the 

two policies. Put differently, the policies might be complementary.

In the previous chapter I reviewed the literature on RJVs. Much of this has followed fi*om the 

classic paper of d‘Aspremont and Jacquemin [1988]. I showed that this literature has focused

“̂ Compare chapter 4.
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primarily on the amount of R&D investment undertaken by RJVs, and has devoted very little 

attention to the issues of technology sharing and research co-ordination. I also showed that 

most authors rely on misleading measures of welfare losses.

As I showed this can give very misleading policy advice. An instance of this is the result 

obtained in recent work by Hinloopen [1997; 2000]^. He shows that a first best level of R&D 

investment can be achieved through the provision of subsidies in both a non-cooperative and 

a co-operative RJV equilibrium. This raises the question as to why RJV formation is useful if 

R&D subsidies are nonetheless required to achieve an optimal level of investment.

Hinloopen’s result is obtained within the same fi-amework as d’Aspremont and Jacquemin; i.e. 

spillovers are fixed and are the same in both the non-cooperative and co-operative equilibria 

The number of laboratories is fixed as are research paths. Therefore the only difference 

between cooperative and non-cooperative behaviour lies in the amount of R&D investment 

undertaken at each lab. Hinloopen ignores the distortionary costs of raising taxes to fund 

subsidies, by assuming that subsidies are financed out of a tax on pure profits. Given these 

assumptions Hinloopen can show that R&D subsidies alone are sufficient to achieve the social 

optimum. The intuition is clear - whether firms act cooperatively or non-cooperatively it is 

possible to choose a subsidy that achieves the first-best. There is only one policy target - the 

amount of R&D investment - so only one instrument is needed.

The issue then is how this result extends to the case where one takes seriously the other aspects 

of the innovation process. Katsoulacos and Ulph [1998a;b] provided a model in which they 

endogenized all three aspects of the innovation process - research co-ordination, R&D decision 

and technology sharing - in both the cooperative and non-cooperative equilibrium  ̂ . They 

showed that in order to understand the effects of RJVs it was necessary to distinguish between 

complementary and substitute products and between complementary (additive) and substitute

’Spence [1984] obtained the same result in a somewhat different framework but the intuition remains the
same.

6Hinloopen also considers how co-operative outcomes might be affected if one assumes that RJVs can fully 
share technologies.

^The paper by Beath et al. [1998] incorporates some o f this analysis but does not fully endogenize technology 
sharing.
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(duplicative) research paths They showed that RJVs may not fully share technologies, 

and, where they withheld these, did so for anti-competitive reasons. Katsoulacos and Ulph 

[1999] undertook an explicit welfare evaluation of RJVs for the case of substitute (duplicative) 

research paths. They also extended Katsoulacos and Ulph [1998a] by assuming that firms 

could share technologies through licenses in the non-cooperative equilibrium. They showed 

that.

I Where full sharing of technologies and the optimal research co-ordination (number of 

labs) could be achieved by the non-cooperative firms then a non-cooperative equilibrium 

might be welfare superior to the RJV Essentially the strategic investment effect offsets 

the other R&D disincentives^ and leads to a level of investment in R&D closer to the 

social optimum.

II Where the non-cooperative equilibrium fails to achieve the optimal organisation of R&D 

the RJVs are welfare superior to the non-cooperative equilibrium.

III When the RJV fails to achieve full sharing of technologies then it is welfare dominated 

by the non-cooperative equilibrium.

Katsoulacos and Ulph [1999] did not consider the possibility of R&D subsidies. The aim of 

this paper is to extend Katsoulacos and Ulph [1999] in two directions.

a We extend the analysis to the case of complementary research paths. In particular 

we build an explicit model of research directions and consider how the co-ordination 

of decisions on these research directions takes place in both the cooperative and non- 

cooperative equilibrium.

b We introduce an R&D subsidy.

Ve show the following;

^To date almost all the literature has focused on complementary (additive) research paths. 
^These are the undervaluation effect and the stand alone effect.
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i Both RJVs and non-cooperative equilibria achieve full sharing of technologies.

ii RJVs always co-ordinate on fully complementary research paths. However the non- 

cooperative firms may co-ordinate on duplicative research paths.

iii When there are no R&D subsidies, and when the non-cooperative firms choose maximal 

complementarity of research paths then they welfare dominate RJVs - essentially for the 

reason given above at I.

iv In the absence of subsidies, non-cooperative equilibria still welfare dominate RJVs even 

when they do not choose complementary research paths.

V When R&D subsidies are provided then RJVs can achieve the social optimum.

vi WTien the non-cooperative firms choose fully complementary research paths then, with 

subsidies, they too can achieve the social optimum. This is just Hinloopen’s and Spence’s 

result.

vii However there remain cases where the non-cooperative firms do not choose comple

mentary research paths and here they will never achieve the social optimum even with 

an R&D subsidy.

We conclude that in the case in which firms co-ordinate on research paths, the policies of using 

R&D subsidies and of promoting RJVs are indeed complementary.

The complementarity of RJV formation and R&D subsidies has been established previously 

by Stenbacka and Tombak [1998]. Their model differs from ours in that it ignores research 

co-ordination issues. Furthermore they assume that the appropriability problem does not arise 

and that firms in a non-cooperative equilibrium never share technologies. Therefore in their 

model the RJV equilibrium is always associated with greater diffusion of a new technology, 

which increases social welfare. In this chapter we show that their very restrictive assumptions 

are not necessary to arrive at the conclusion of complementarity of R&D subsidies and RJV 

formation.

87



CHAPTER TWO 2.2

The plan of this chapter is as follows. In section 2.2 we set out the model.In section 2.3 we 

undertake the analysis of the outcomes when there are no R&D subsidies, while we extend the 

analysis to the case where R&D subsidies are allowed in section 2.4. Section 2.5 concludes.

2.2 The Model

There are two firms producing a homogeneous product. Demand for the product is given by

P = a -{q i+ q 2 )  (2.1)

where P  > 0 is the price, a > 0 is the choke price and qj > 0 is the output of firm J = 1,2.

Films initially have a technology that has constant unit costs of production c, a > c > 0 . We 

define

a - c  = A g =  (2.2)

The two firms undertake R&D in order to discover a new technology that will give them lower 

unit costs of production c.

Production costs comprise two different types of costs - say labour and raw materials. We 

represent a technology which reduces one of these costs only as a vector along one of the 

dimensions of a two dimensional technology space. Let x, the length of such a vector, denote 

Ihe amount of unit cost reduction that a firm achieves in the first type of cost, and y the amount 

of unit cost reduction that it achieves in the second type of cost'®. Let z = x + y denote the 

overall reduction in unit costs.

Firms have open to them many possible research paths corresponding to technologies that

'^Notice the difference between x which represents a dimension of the technology space and x which represent 
an R&D investment level!
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combine cost reductions in both technological dimensions. It is assumed that the set of feasible 

research projects that each firm has open to it is,

F  = {(x, y) I X, y > 0, X + y = g} (2.3)

where g > 0 is a constant as defined in (2.2). For reasons that will become clear later on, we 

also assume that g < 1. Thus a firm’s research path is completely determined by specifying 

the value of x, 0 < x < g that it chooses.

Notice that R&D does not affect the amount of progress a firm makes in cost reduction. Rather 

R&D determines the probability that a firm will make a discovery on its chosen research path. 

We make a number of assumptions about this R&D technology.

i The probability of discovery achieved by a given expenditure on R&D is exactly the 

same whatever research path is chosen. This assumption, combined with the specifica

tion of the set of feasible research paths given by (2.3), implies that, if there were just a 

single firm, it would be indifferent as to which research path it chose.

ii The probability of discovery by a particular firm depends solely on the R&D done by 

that firm - there are no R&D spillovers.

iii If the R&D technology is summarised by an R&D cost function j(p) that determines 

the R&D expenditure that each firm is required to achieve a probability p, 0 < p  < 1 

of discovery , then y{p) is assumed to satisfy the following conditions:

y(0) = 0 y(0) = 0

Vp 0 < p < 1 Yip) > 0, / '( p )  > 0

(2 4)

The assumption that y(0) = 0 is made to ensure that - as long as R&D is valuable - firms 

will always undertake R&D. Later on we will assume that y ( l )  is always sufficiently large to 

ensure that no firm will ever innovate for sure.
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Since each firm has an independent probability of discovery, there are three outcomes of the 

R&D process.

2.2.1 Both firms discover

Firm j  has therefore achieved cost reductions (Xy, g -  Xy) in each of the two dimensions. Sup

pose that both firms fully share technologies, and assume that discoveries made in the same di

mension are perfect substitutes for one another - in the sense of Katsoulacos and Ulph [1998a; 

1999]. Thus if the two firms share their knowledge on the x dimension the total progress 

each makes is MAX [xj, X2] , while if they share their knowledge on the y dimension, the total 

amount of progress that each makes is MAX [^ -  x̂ , g  -  Xj]. As a result of sharing knowledge 

each firm will have reduced its unit costs by an amount z = g  + A, where A = Ixj -  X2I is the 

degree o f  co-'ordination achieved by the two firms. The following diagram illustrates.

Ç Both firms 
\  sharing

Firm

Firm 1
X

A

Figure 2.1: Research vectors in a two dimensional technology space

In this figure the firms have chosen to maximally differentiate their research paths.Their re

search outcomes are represented by the points A and B respectively, while point C represents 

the outcome that can be achieved by sharing.
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This has a number of implications.

• If the two firms choose identical research paths - so = Xj and A = 0 - then the two 

paths are perfect substitutes, and, as in Katsoulacos and Ulph [1999] or chapter 4 below, 

there is nothing to be gained by sharing technologies.

• The maximum degree of co-ordination that firms can achieve is A = g. This is obtained 

when the two firms specialise completely - each in a different technology.

Now this latter case may seem a bit unrealistic, since it implicitly assumes that a firm can fully 

absorb the discovery made by another firm in a particular dimension even if it itself has made 

no progress. An alternative assumption is that in order to absorb the progress made by another 

firm in a particular dimension, each firm has to have made progress of at least fi ' g  in that 

dimension, where //, (0 < // < 1) is a parameter reflecting absorptive capacity Where

fj. < { ,  and both firms specialise to the maximum amount that is consistent with absorbing the 

other’s discovery, and they then fully share technologies, the maximum amount of research 

co-ordination can now be achieved is A = (1 -  2fi)g.

Pursuing the full implications of the notion of absorptive capacity raises issues that are dis

cussed in the following chapter, so in what follows we will assume that // > 0 but // w 0 . 

The assumption that fi > 0 will rule out the possibility that there is any scope for sharing of 

technology when only one firm has made a discovery - see below. However the assumption 

that fi ^  0 will allow us to ignore absorptive capacity when both firms discover. Thus we 

can continue to assume that when both firms discover the maximum degree of co-ordination 

is A = g.

As discussed in the introduction (compare section 1.5.2 on page 52) we are ruling out the 

possibility that a firm builds up absorptive capacity on the basis of R&D effort alone. I provide 

some intuition for this approach there but also clarify that this assumption is not a necessary 

one. To the extent that we are imposing it on the model, the natural question is what impact

•‘This notion was first introduced into the literature by Cohen and Levinthal [1989]. Their paper is discussed 
on page 47 of the previous chapter.
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the assumption has on the results derived below.

If we allowed for information sharing in the case in which only one firm innovates this would 

affect the expected payoffs of firms in these cases. This would have little impact on the analysis 

of the co-operative equilibria, which we undertake in this paper. However it would affect the 

non-cooperative equilibria and I note this in footnote 15 in section 2.3.1.6 on page 104 below.

In particular we could expect licensing to arise in the non-cooperative equilibrium. We could 

also expect that firms might choose not to share information with one another if the innovation 

were large enough. This is just the non-sharing result which I address in chapter 4^ .̂ There 

I show that the result is quite special, therefore it seems defensible to rule it out through the 

assumption we make here.

Finally note that so far we have assumed that when both firms discover, they both fully share 

technologies with one another. Later on we will show that firms will always choose to fully 

share.

2.2.2 Only One Firm Discovers

Here the firm that discovers gets a reduction in unit costs of g. Given our assumption about 

absorptive capacity, the firm that fails to discover makes no progress and so is left with its 

original costs c .

2.2.3 Neither Firm Discovers

Both firms fail to make progress and are left with their original costs .

Decisions in this model are made as a 4-stage game:

Stage 4: Output Here the two firms choose their output g, taking as given the unit costs of 

production they have obtained as a result of all the innovation and technology sharing

*^The result is first derived by Katsoulacos and Ulph [1998a] and illustrated in Katsoulacos and Ulph [1999]. 
In section 4.3.2 on page 186 below I clarify that this result is not robust.
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decisions made in previous stages. To capture the idea that firms are always forced to 

compete in the product market - however innovation decisions are taken - we assume 

that these output decisions are always made in a non-cooperative profit-maximising 

fashion, and assume that at Stage 4 the appropriate equilibrium concept is Cournot.

Stage 3: Technology-Sharing At this stage decisions have to be taken about how much tech

nology the two firms will share given the research co-ordination decisions and the out

come of the R&D discovery process in the previous stages. Given our assumptions, 

technology sharing is only an issue when both firms have discovered.

Stage 2: R&D Decisions Here decisions have to be taken about how much R&D investment, 

X,  each firm undertakes, which determines each firm’s probability of discovery, p. We 

assume that as soon as these are chosen, firms learn immediately which of the 3 different 

types of outcome of the R&D process discussed above has emerged. These outcomes 

emerge with probabilities determined by the above choices of individual discovery prob

abilities.

Stage 1: Research Co-ordination At this stage firms take decisions about the particular re

search path that will be pursued by each firm - they choose g-

As indicated above we assume that decisions at stage 4 are always made in a non-cooperative 

profit-maximising fashion. We compare 3 different modes in which decisions at the other 3 

stages might be made.

(i) Social Planner The social planner makes all 3 decisions so as to maximise expected social

surplus.

(ii) Research Joint Venture Here the two firms act cooperatively to maximise expected joint

profits.

(iii)Non-Cooperative Equilibrium Here the two firms act independently and take all 3 de

cisions so as to maximise individual profits. We assume that licensing is possible so, in 

Stage 3 any technology sharing decisions are taken under licensing.
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In section 2.3 we will compare the choices taken under all three decision modes outlined 

above. Having characterised these choices we will compare the expected social welfare arising 

under (ii) and (iii) with that arising under (i). This will give us the welfare losses arising from 

co-operation through an RJV and through non-cooperative licensing.

So far we have assumed that the only technology policy is that of permitting RJVs. In Section 

4 we will introduce R&D subsidies and examine the interaction between the two policies. The 

question we wish to explore is whether or when these policies are substitutes or complements. 

Put differently, can we achieve the social optimum using just one of these policies - or do we 

need both?

2.3 The Outcomes in the Absence of a Subsidy

In this section we begin by deriving the outcomes in all four stages. In stage 4 - output -

decisions are made non-cooperatively. In each of the remaining stages we analyse the choices 

made in each of the three decision modes - social planner, research joint venture and non- 

cooperative equilibrium.

In sub-section 2.3.2 we then compare the outcomes of the RJV and the non-cooperative equi

librium to those in the social optimum.

2.3.1 Derivation of Outcomes

To understand the various outcomes, we need to solve the model backwards.

2.3.1.1 Stage 4 : Output

Suppose that, as a result of previous decisions firm J, (J = 1,2) has achieved a level of cost 

reduction Zj, 0 < Zj < 2g . Then we know from standard theory that, in an interior Cournot

equilibrium the outputs of the two firms are;
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qi -  -A ( \  + 2z. -  Zy) -  (1 + g + A) i, j  -  2; i j  (2.5)

where we have used assumption (2.2) about the choice of variables.

We also know that, in such an equilibrium individual firm operating profits are n- = while 

social surplus (consumer surplus plus profits) is S = + q.^f + + q\-

Using these formulae, we now set out the expressions for firm outputs and firm profits, joint 

profits and the social surplus in each of the possible outcomes of the R&D process.

Both Firms Discover Suppose both firms discover, the degree of co-ordination chosen in

Stage l i s A , 0 < A < g ,  and technologies are fully shared. Let q̂  ̂ (A), j (A), Ej j (A), j (A)

denote, respectively, each individual firm’s output; each individual firm’s profit; the combined 

profits of the two firms and social surplus. Then we have:

^ i i ( - ^ )  — (1 +  ^  + -^) ^ i i ( ^ )  — ^ i i ( - ^ )  ^ i iC -^ )  =  2 ^ j j ( A )  iS j j (A )  =  4 ^ j j (A )  ( 2 .6 )

Suppose instead that only one firm shares its technology with the other. Let ^Ji(A), 7tJ i (A )  

denote, respectively the equilibrium output and operating profits of the firm that has received 

the other firm’s technology, while ^{i(A), 7T^i(A) denote the output and profits of the firm that 

has not received any additional technology from the other. Let E^(A), 5^^(A) denote the joint 

profits and social surplus in this situation. Then we have

?li(A) = 3 ^ ( l + g  + 2A) ;rl,(A) = ?l,(A) Z°,(A) = g|,(A) + g°,(A f

4 ( A )  = 1 .4(1+ g - A )  4 ( A )  = 4 ( A ) ' 4 ( A )  = { L ^ '[ 2  + 2g + A f +  4 (A )}

(2.7)

Only One Firm Discovers Since there is no possibility of sharing technologies, one firm 

achieves a cost-reduction g  while the other does not lower its costs. Let q̂ Q denote the output
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of the firm that has discovered, and its profits. Let tTq̂ denote the corresponding terms 

for the firm that has not discovered. Let -S'jg denote, respectively the joint profits and the 

social surplus in this situation. Then in an interior Cournot equilibrium in which both firms 

are active we have

^10 "  ^10 ~  ^11 ^10  ~

^ 0 1  "  ^ 0 1  “  ^ 1 1  *^10 ~  +  ^ 1 0  j  ( 2 - 8 )

Notice that we need the assumption that < 1 to ensure that the firm that does not discover is 

active in the equilibrium.

Neither Firm Discovers Let ̂ gg denote, respectively, each individual firm’s output; each 

individual firm’s profit; Egg the combined profits of the two firms and «Sgg social surplus. Then 

we have:

0̂0 ~  0̂0 “  g ^  0̂0 ~  g ^ ^  ^00 ~  g ^ ^  ( 2-9)

2.3.1.2 Stage 3. Technology Sharing

The sharing of technologies is only an issue if both firms have discovered, and if firms have 

chosen different research paths - so A > 0. Consider the decisions in each decision-making 

scenario.

Sodal Planner If no information is shared then the social surplus is 5,, (0) while if tech

nologies are fully shared social surplus will be 5u(A) > ^^ (0 ), so no sharing of technology 

is never optimal. The only issue is whether society would be better off still if only one firm 

shared its technology. From (2.6) and (2.7) it is straightforward to show that

96



2 3  CHAPTER TWO

S " ,(A )> S „ (A )« 3 A > 8 ( l+ g )  (2.10)

Since A < g  this is impossible. Hence the social planner would opt for full sharing of tech

nologies.

Research Joint Venture If no technology is shared at all then total profits are Zjj(O) while 

if technologies are fully shared total profits will be Z^(A) > Z^(0) , so no sharing is never 

optimal. The only issue is whether the RJV would be better off still if only one firm shared its 

technology. From (2.6) and (2.7) it is straightforward to show that

Z“,(A )> i:„(A )< = !.3A > 2(l+ g ) (2.11)

Since A < g this can arise only if 3g > 2(1 + g), i.e. g  > 2 - which contradicts our assumption 

that g  < 1. Hence the RJV would also opt for full sharing of technologies.

Non-cooperative Equilibrium with Licensing The licensing situation is one of bilateral 

monopoly - each firm holds a technology that is of value to the other. We suppose that in 

this case firms will implement a cooperative bargaining equilibrium. Thus they will take the 

technology sharing decision that maximises the surplus - joint profits - and then decide how 

to split the surplus between them. But from the argument in (ii) above we know that surplus 

is maximised by full sharing of technologies. We assume that both firms are equally good at 

bargaining and that these joint profits are equally shared. Thus the pay-off to each firm when 

they both discover is Tr^fA).
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2.3.1.3 Stage 2. R&D

In this sub-section we first characterise the choice of discovery probability in each of the three 

decision-making scenarios. We will then briefly explore the conditions necessary for a unique 

interior solution. Finally we will undertake a comparison across the three outcomes.

Social Planner The social planner chooses R&D to maximise expected social surplus. Know

ing that technology will be fully shared if both firms discover, let

‘S'(A) -  MÆX p *S'ij(A) + 2p(l-p)(S'io + (1 - p )  S^Q -lyip) (2.12)

denote the maximum expected surplus that the social planner can obtain when co-ordination 

is A.

At an interior solution the optimal discovery probability, p(A), is characterised by

p(A )(5„(A )-5 ,o) + (l -p(A ))(S,o-5oo) = r'|p(A )] (2.13)

The term 5'^(A) -  S^q is the difference in the payoff to the decision-maker (in this case the 

social planner) fi*om having one firm succeed rather than fail in making a discovery conditional 

on the otherfirm having already discovered. It is sometimes known as the competitive threat.

We can re-write this as (-Sj,(A) -  6'^) 4- (5"̂  -  . The first term gives the social gain firom

research-design co-ordination when both firms discover, and is clearly non-negative. The 

second term gives social surplus when both firms have the new technology rather than having 

just one firm have the new technology. It is straightforward to check that from (2.6) and (2.8) 

that this is positive. The intuition is obvious - when both firms have the new technology costs 

are lower, and the market is more competitive.

The term *Sjq -  aSqq is the difference in the payoff to the decision-maker fi*om having one firm

Later on we will make assumptions that guarantee an interior solution.
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succeed rather than fail in making a discovery conditional on the other firm having failed to 

discover. It is sometimes known as the profit incentive. It is easy to see from (2,8) and (2.9) 

that this is also positive - the gain from having the new technology outweighs any loss of 

surplus from having a less competitive market.

Research Joint Venture The RJV chooses R&D to maximise expected joint profits. Know

ing that the RJV will choose to fully share technology let

Z(A) = I ^  p% i(A ) + 2p(l -p )Z io  + (1 -p)^% o -  2y(p) (2.14)

denote the maximum expected profits that the RJV can obtain when co-ordination is A.

Assuming an interior solution, the joint-profit maximising discovery probability, p^(A), is 

characterised by

p'(A) (£„(A) -  Z,o) + (1 - p'(A)) (2,0 -  loo) = /  tP'(A)] (2.15)

Here the RJV’s competitive threat is

^ i i ( - ^ )  “  ^ 1 0  — ( ^ 1 1  ( ^ )  ~  ^ 1 1  ( ^ ) )  ( ^ 1 1  ( 0 )  — ^ l o )  '

Once again the first term on the RHS is the increase in joint profits from research design co

ordination when both firms discover. It is non-negative and is strictly increasing in A. In 

Katsoulacos and Ulph [1998a] it is shown that the second term is positive iffg < \  . For if the 

cost reduction brought about by the new technology is sufiiciently large then industry profits 

are greater if just one firm has the new technology and can act close to being a monopolist. 

Thus the RJV’s competitive threat can be negative if g is large and A is small.

The RJV’s profit incentive is Ejq -  Xqq . It is easy to see from (2.8) and (2.9) that this is positive 

- one of the firms has lower costs and the industry is less competitive.
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Non-cooperative Equilibrium with Licensing Knowing that firms will fully license tech

nologies at Stage 3, firm 1, say, will take as given pj - the discovery probability of firm 2 and 

choose its own discovery probability pj to maximise its own expected profits

P,P2^,i(A )+P , (l - p 2);r,o + (l + ( l  - P i ) ( l  - P 2)^oo “  r(Pi) (2-16)

A symmetric interior Nash equilibrium discovery probability, p”(A ), is characterised by

P'’(A)(;t, |(A )- ;t„,) + (1 - p “(A))(oti„ = y|y3''(A)] (2.17)

The individual firm’s competitive threat is

;Ti,(A) -  lïTo, = (2r,i(A) -  2r„(0 }) + (;r,,(0) -  .

Again the first term is the gain from research design co-ordination when both discover, and is 

non-negative. The second term is the gain firom being in a duopoly when both firms have the 

new technology as compared to being the high-cost firm when the rival has the new technology, 

and is clearly strictly positive. Hence the competitive threat is positive.

The individual firm’s profit incentive is -  tTqq and is clearly positive - it is more profitable 

to be the sole low-cost firm than to be in a high-cost duopoly.

Let

n (A )= p " (A )\,(A )+ p "(A )(l -p"(A ))(;r,o+ 2r„,) + (l -p"(A ))(l - p \ A ) ) -  tKp ^A ))

(2.18)

be the expected profits that each firm will make in the Nash equilibrium.
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2.3.1.4 Conditions for existence of a unique interior equilibrium

So far we have assumed a unique interior solution in all three situations. Equations (2.13), (2.15) 

and (2.17) have an identical structure. The LHS is the marginal benefit of an increase in the 

probability of discovery by one firm. In all three cases this is linear in p  and is strictly positive 

when p = 0. Given our assumption in equation (2.4) a solution with p = 0 is impossible. From 

now on we will also assume that

y '(l) > MAX[5ii(g) -  Sq̂ , 2ii(g) -  Sqp ^ii(^) “  ^oi] (2-19)

which ensures that, for all A, 0 < A < g a solution with p = 1 will also be impossible.

There must therefore be a at least one interior value of p  for which marginal benefit equals the 

marginal cost.

We now further assume that the cost function has the property that whenever the marginal cost 

curve cuts the marginal benefit curve it does so from below. That is, in equilibrium, the slope 

of the marginal cost function is greater than the slope of the marginal value function. This 

guarantees that the interior equilibrium is unique.

For the particular case of the non-cooperative equilibrium this implies that

^  -  y '(p ”) + [tTio + 0̂1 ”  ^ii(-^) “  ^00] ^  ^ (2.20)

2.3.1.5 Comparison of R&D Decisions

Before proceeding, it is important to note that the values ofp, p^, p" determined by (2.13), (2.15) 

and (2.17) are all functions of A. For notational convenience it will sometimes be useful to 

suppress this dependence. The comparisons that follow are all undertaken for a given value of 

A.

To understand the nature of the R&D failures in the co-operative and non-cooperative equi

libria, let us compare the equilibrium discovery probability under each of the three decision-
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making scenarios. This essentially involves a comparison of the competitive threats and profit 

incentives as set out in the following table.

Comparing Innovation Incentives

Decision Mode Competitive Threats Profit Incentives

Social Optimum ‘̂ ii('^)“ ‘̂ io — [ C fS j j fA )  — C^jq] + 

[Eji(A) -Ejo]
*̂10 “  %0 “  [ '̂^10 ■" *̂̂ 0 0] 

[E]o -  EqoI
RJV 1̂1 (^) ~ 1̂0 ^ 1 0  “  ^ 0 0

Non-Cooperative

Firms

std. alone ef.

5 (̂ 10 -^o i)
str. inv. ef.

std. alone ef.

1̂0 “ ^00= i  [̂ 10 -  ^ 0 0]+ 

2 [̂ 10 “ ^ 01]
str. inv. ef.

Table 2.1

If we compare the RJV to the social planner, we see that because of the undervaluation effect 

the RJV takes account only of profits and ignores consumers’ surplus. From (2.6), (2.8) and 

(2.9) it is straightforward to check that CiSj j (A) -  CS^q > 0 and CS^q -  CSqq > 0 . The intuition 

for these results is essentially given above in the discussion of the signs of the social planner’s 

competitive threat and profit incentive. Thus the change in consumers’ surplus is positive - 

call this the marginal undervaluation effect. Because of this we can unambiguously conclude: 

Result 2.1

The RJV will have a lower probability o f  discovery than the social planner.

If we now compare the non-cooperative equilibrium with the RJV then we see that there are 

two effects at work. The first is the stand-alone effect. Each firm takes account of only its 

own profits and not the combined profits of the two firms. By itself this makes the competitive 

threat and profit incentive of the individual firm precisely half those of the RJV. However, the 

second effect is the strategic investment effect - individual firms care whether it is they or their 

rival that succeeds in being the sole innovator.
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For the competitive threat, the magnitude of the stand-alone effect is an increasing function 

of A. It is well known that when A = 0 the strategic investment effect dominates the stand 

alone effect, and it is straightforward to show from (2.6) and (2.8) that this remains true for 

all A < g. It is also easy to use (2.8) and (2.9) to show that the same is true for the profit 

incentive. Hence we have:

Result 2.2

The RJV will have a lower probability o f  discovery than the non-cooperative equilibrium.

The intuition here is that the non-cooperative firms are driven to invest more than they indi

vidually find profitable. The incentive to overinvest is given by the possibility that either firm 

may end up as the high cost firm should only one of the two firms innovate; both firms are 

trying very hard to avoid this outcome. This is just the strategic investment effect. It is so 

strong that it more than offsets the fact the each firm is just maximising its own profits.

The firms in the non-cooperative equilibrium therefore end up investing more than is consistent 

with the maximisation of joint profits!

Finally, if we compare the non-cooperative outcome with the social optimum, then we see 

that there are two effects - the marginal undervaluation effect and the stand alone effect that 

would tend to make independent firms under-invest - while the strategic incentive effect tends 

to make them over-invest '̂^.

From (2.6), (2.8) and (2.9) it is possible to prove the following:

Result 2.3

The profit incentive in the non-cooperative equilibrium is less than that o f  the social planner. I f  

A = 0 then the competitive threat in the non-cooperative equilibrium is greater than that o f  the 

social planner, while i f  A  = g then the competitive threat in the non-cooperative equilibrium 

is less than that in the social optimum.

Thus when firms choose very similar research designs then it is not clear whether the non-

''^Notice that our analysis incorporates only three of the four market failures in R&D discussed in the in
troduction. The fourth - the spillover internalisation effect- plays no role here, because firms fully share their 
technologies with one another. Hence there are no involuntary spillovers.
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cooperative equilibrium leads to over-investment or under-investment from a social point of 

view. However, if firms choose very different research designs then the non-cooperative equi

librium definitely leads to under-investment.

2.3.1.6 Stage 1: Research Design

From the envelope theorem it follows that

so we obtain the following conclusion.

Result 2.4

Both the social planner and the RJV will choose the maximum degree o f  co-ordination in their 

research design.

Corollary 1

The equilibrium probabilities o f  discovery by the social planner and the RJV are p(g) and 

p^(g) respectively.

The interesting issue is what happens in the non-cooperative equilibrium. From (2.18) we 

have

djr^iA) - 2 p ”)[7rio+:^oi] “ 2(1 “ P^Ko ~ /(P ")])

(2.22)

Substitute the equilibrium condition (2.17) and we get:

^  ^  [ / - ;r,o) + (1 “ ^oo)]) (2-23)
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Now it is straightforward to check from (2.17) and (2.20) that

^  ^  ^  ^ _____________ / ______________ > Q (2 24)
*fll ^ r"(p") + [jTio + 'Toi

Notice that the term in square brackets on RHS of (2.23) is definitely negative. The first term 

is non-positive (and is only zero if the firms fully co-ordinate and achieve A  = g) while the 

second is negative.

Thus what this is telling us is that increased research design co-ordination has two effects. 

There is the direct effect of increasing tt^j- which is definitely beneficial. However it has 

the indirect effect of stimulating the firms to do more R&D. Since, in the non-cooperative 

equilibrium, firms are over-investing because of the strategic investment effect, this has a 

negative impact on a firm’s profits*^.

To determine the balance between these two effects, substitute (2.24) into (2 .23) to obtain

âX “  d \  + K i  -  ^oo)] (2-25)

This suggests that as long as marginal R&D costs do not increase too quickly - i.e. as long as 

diminishing returns are not too severe - then the indirect effect dominates the direct effect and 

each firm’s profits will be a strictly decreasing function of the distance fi*om the other.

So we have the following conclusion.

Result 2.5

Jfp”y"(p”) > -  ;Tqj) then the non-cooperative equilibrium will involve full research design

If firms were able to share information in this equilibrium ttq̂ would be affected by a licensing agreement. 
We would expect this to raise ttq̂ . This would reduce the strength of the indirect effect, it might even alter its 
sign. Without making some assumptions about the relative bargaining power of the two firms we carmot say 
more than this. The important point to note is that the effect we establish here can still arise, even in a licensing 
regime. Therefore the fact that we rule out licensing does not substantively affect our conclusions here.

105



CHAPTER TWO 2.3

co-ordination. Otherwise the non-cooperative equilibrium may involve less than full research 

design co-ordination.

Note that this result depends on our assumption that the game is a four stage game and partic

ularly that the non-cooperative firms behave strategically at the first stage of the game. If this 

were not the case we would find that the non-cooperative firms always maximally differentiate 

their R&D. This would change the conclusions fi*om the analysis of this model substantially. I 

discuss why the structure of the model here can be defended in section 1.6.1 on page 60 below.

Let A" denote the degree of research design co-ordination chosen by firms in the non-cooperative 

equilibrium. The equilibrium probability of discovery will therefore be p”(A”). Notice that we 

have

Result 2.6

p"(A") < p”(g) < pig)

Proof: The first inequality follows fi-om the fact that, as we have seen fi*om (2.24), p"(A) is a 

strictly increasing function, while the second inequality follows from Result 2.3.

2.3.2 Comparison of Outcomes

In this sub-section we undertake a comparison of both the cooperative (RJV) and non-cooperative 

equilibrium with the social optimum.

From the analysis in the previous section we know that both the RJV and the non-cooperative 

equilibrium achieve the socially optimal level of full sharing of technology. The RJV also 

achieves the socially optimal level of full research design co-ordination, but under-invests in 

R&D. The non-cooperative equilibrium may fail to get either the socially optimal level of 

research design co-ordination or the right level of R&D.

Thus there is one innovation failure for the RJV and, potentially, two for the non-cooperative

In particular it is possible that when ^  = 0, the second derivative ^  will be negative, so that an interior 
optimum exists.
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equilibrium.

The first result we can obtain is the following.

Result 2.7

Jfp"(A)y" [p”(A)] > tTqo -  7ÏQI VA g [0,g] then

i the non-cooperative equilibrium will achieve full research design co-ordination;

ii in this case p^(g) < ff{g) < p(g);

iii the non-cooperative equilibrium welfare dominates the RJV.

Proof: The first part of the result follows from Result 2.5. The second from Results 2.1-2.3. 

The third part is a corollary of the second and the assumption that the marginal benefit curve 

cuts the marginal cost curve only once.

The intuition behind this result is straightforward. All three decision-making modes involve 

full technology sharing. If they all achieve full research design co-ordination then the only 

market failure is the level of R&D investment. Both types of private equilibrium involve 

under-investment, but, because of the powerful strategic investment effect the degree of under

investment is less with non-cooperative equilibria than with RJVs.

The difiiculty with this result is that it is hard to know when the condition is met. To investigate 

this further we have used a particular example and undertaken a numerical investigation.

We have used the class of cost functions*^:

r(p) = (2.26)

where 0 > 0, > 0. It is easy to see that this function satisfies the conditions set out under iii

on page 2.2 above.

'^This cost function is also used by Katsoulacos and Ulph [1999], Ulph and von Graevenitz [2000] and in the 
simulations in chapter 4. There it is always assumed that 0 = 1 .
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We have simulated our model for all values of g e  [0,1] given combinations of the parameters 

A and J3 to establish when the non-cooperative firms will choose not to differentiate their 

research paths.

While it is of some interest to establish when non-cooperative firms fail to differentiate their 

R&D, it is important to understand the welfare significance of these failures. To measure this 

it is necessary to carry out the following calculations.

First calculate S(g) - the maximum level of social welfare when there is full research-design 

co-ordination and the optimal level of R&D.

Then calculate

=P%)'5„(g) + 2p%)(l -p%))^,o + (1 -p%)f%o -  7(P%))

This gives the level of social welfare in the RJV equilibrium when there is full research design 

co-ordination but the cooperative level of R&D. The variable

S{g)-S^(g) (2.27)

therefore provides a measure of the welfare loss in the cooperative equilibrium due to the 

failure to obtain the right discovery probability.

We can also let

5"(A") = ff{A "Ÿ S , , (A") + 2p"(A")(l -  p”(A”))s,„ + (l -  p'’(A”))'S(^ -  # " (A "))  (2.28)

be the level of welfare achieved in the non-cooperative equilibrium given the level of research 

design co-ordination and discovery probability. Obviously
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provides a measure of the overall welfare loss in the non-cooperative equilibrium. However 

by defining the welfare level

5”(g) = p''(A")25„(g) + 2p"(A")(l -p"(A"))s,o + (l - p ' ’(A”))'Soo -  y(p"(A")) (2.30)

then the measures

% )
(2.31)

provide a way of decomposing this overall loss into the welfare losses associated with getting 

the wrong level of R&D and the wrong degree of research design co-ordination respectively. 

Obviously = L" +L'Ĵ .

2.3.2.1 An illustration of Result 2.7 using simulations

We have investigated the strength of the condition given in Result 2.7 by simulation. We seek 

to establish how likely it is that the non-cooperative firms will choose the wrong degree of 

research design. However the simulations also illustrate the analytical results we have derived 

in previous sections.

Below we plot the welfare loss in the cooperative (RJV) equilibrium {black line with points 

as *’s ) and the decomposed welfare loss in the non-cooperative equilibrium. The dark grey 

line with points as o’s represents and the light grey line with points as *’s represents the 

welfare loss from getting the wrong degree of research design co-ordination.

The plots all represent the same range of welfare losses, and are therefore directly comparable. 

Note that whenever there is a value of g  for which ^  = 0 (i.e. the non-cooperative firms 

choose not to differentiate their R&D) the possibility of an interior optimum for the choice of 

A exists (compare footnote 16)̂ *.

'®Our simulations do not take account of this possibility, so that the welfare losses at the switch to differentiated
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We have chosen to simulate the model for six different combinations of the exogenous param

eters py A and 6. Within the range of possible values for p  we have chosen two values. We have 

also chosen three sets of combinations of A and 9. Those presented here were chosen from a 

larger set of simulation results because they illustrate the range of possible welfare losses we 

found well.

Note that where the welfare losses drop to zero or close to zero as g  becomes large this happens 

because the maximisation routine has hit a comer solution, in this case the probabilities of 

innovation are 1 and the welfare losses disappear.

A number of conclusions emerge from figure 2.2 on the next page:

(1) The diagrams show that the welfare losses in the co-operative equilibrium are always 

greater than those in the non-cooperative equilibria. This is just what Result 2.7 pre

dicts. It illustrates our main finding that in the absence of subsidies the non-cooperative 

equilibrium always does better than the firms in the RJV.

(2) The diagrams show us that the non-cooperative firms choose duplicative research paths 

for a significant range of equilibria, i.e. those in which the size of the innovation lies 

between 0.25 and 0.5. The welfare loss from choosing duplicative research paths is 

represented by the spike of asterisks which has its peak close to 0.5 in all three plots. It 

is insignificant in relation to the welfare loss from undervaluation, which arises in both 

equilibria.

(3) The diagrams illustrate that the non-cooperative firms will always choose complemen

tary research paths as soon as p  becomes moderately large.

(4) Finally the diagrams suggest that the wrong choice of research design is a fairly robust 

phenomenon which is not so much affected by the size of the market (as measures 

through A) or the steepness of the R&D cost function (as measured by 9).

R&D in the non-cooperative equilibrium may be inaccurate. The probability of this being the case is vanishingly 
small however. In a separate set o f simulations we established that interior values for A are rarely optimal. These 
simulations are available from the authors.
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Figure 2.2; Examples of welfare losses arising in co-operative and non-cooperative equi
libria

Notice that in all the plots we have added 10“  ̂ to all the welfare losses in order to be able to represent 
the results on a logarithmic scale! Thus a welfare loss o f  10"  ̂ should be read as a welfare loss o f  0.
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What is not so apparent from the diagrams is that the difference between the welfare losses in 

the co-operative and non-cooperative equilibria may exceed 10%!

2.4 The Introduction of an R&D subsidy

We suppose now that there is a Stage 0 to the game at which the government sets policy. 

Assume that the government has two policy instruments: it can allow or disallow firms to form 

research joint ventures; and it can impose an R&D subsidy. We assume that if the government 

allows firms to form an RJV, then the R&D subsidy is not conditioned on whether or not firms 

choose to form an RJV. It is clear that in that case, if  firms are allowed to join an RJV they 

will always choose to do so.

Since we wish to focus on how the equivalence result of Hinloopen [1997; 2000] is affected 

by our alternative specification of how an RJV performs, we will follow him in ignoring the 

distortionary costs of funding an R&D subsidy.

It is clear from the argument used to obtain Result 2.4 above that the presence of an R&D 

subsidy will have no effect on the decision of an RJV as to whether or not to fully co-ordinate 

their research designs. Hence, by allowing RJVs and by introducing an appropriate R&D 

subsidy, , characterised by

P(g) [2,, (g) -  S.o] + (1 -  Pfe)) [2,0 -  Zoo] = (1 -  T")yipW] (2.32)

the government can achieve the full social optimum. Using (2.13) we can re-write (2.32) as

= I -  -  ^lo] + (1 -  pig)) [̂ 10 -  ^oo]
P(^)[‘̂ ii(^)-*^10] + -  pig)) [*S']o -  ^00]

Hence we have the following
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Result 2.8

The government can achieve the full social optimum by allowing RJVs and by introducing an 

R&D subsidy given by (2.33).

The interesting question is whether the full social optimum can be also achieved by disallow

ing RJVs and simply using an R&D subsidy. To answer that question we need to know how 

the presence of an R&D subsidy affects the research design co-ordination decision. To address 

this question define p"(A, r) as the symmetric non-cooperative equilibrium R&D when there 

is an R&D subsidy t". This is characterised by:

p \A ,  (;Th(A) -  tTqi) + (1 - p ”(A, f ) )  [ïïiQ -  tToq) = (1 -  r^)y\p"(A , f ) ]  (2.34)

The equilibrium profits associated with this are now

7r(A,ri') = p ''(A )\i(A )-H p"(A ,r”)(l -p"(A,r")}[7Tio + ^oi]+

(1 -  p"(A, f  )) (1 -  p"(A, f  )) JToo -  (1 -  T") y(p"(A)) (2.35)

and the question is how the introduction of an R&D subsidy, r, affects the value of A that

maximises this function. It is straightforward to show that (2.25) now becomes

^  -  t")p Y '( p ”) + K i  + % )] (2-36)

where A = (1 -  r")Y'(p") + [;Tjq + tTqi + 7Tjj(A) -  ;̂ oo] is once again assumed to be posi

tive.

Whether an increase in research design co-ordination increases or decreases profits depends 

on the sign of the term in square brackets on RHS of (2.36). We see that an increase in t" 

affects this term in two ways: the direct effect is to reduce the size of this term, and hence 

make firms less likely to co-ordinate their research; the indirect effect is to increase p" which 

increases the size of the term, and so makes firms more likely to co-ordinate their research.
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Another way of examining the issue is to recognise that for the case where y{p) = then

p y ' = p y  and so the term in square brackets on the RHS of (2.36) becomes

K i  -  ^oo) +)3(^io -  ^oo) +/8p" (^ii(A) + ^00 -  0̂1 -  ^lo) (2.37)

The first term is negative, the second positive. It is straightforward to show that thexoefficient, 

on p" is negative when A = 0 but positive when A = g. Now the effect of a subsidy is to 

increase p" , and this will lower the expression above when A is small, but raise it when A is 

large.

Taken together these considerations suggest that it is not at all clear whether the introduction 

of an R&D subsidy will make firms more or less likely to undertake research co-ordination.

To explore the issue more fully we have carried out the following exercise. Obviously if  it 

were to be possible to achieve the social optimum solely by imposing an R&D subsidy - that 

is by prohibiting cooperation - then the required subsidy would be

^  ^ j _ P(g) h ii(g) - ^oi] + (1 - P(g)) hio -  ^Qo] _  38)
pig) -  ^oi] + (1 -  p(g)) [S|o -  Sqd]

We hive simulated our model at individual points in order to test whether the imposition of an

R&D subsidy will affect the degree to which non-cooperative firms differentiate their R&D 

paths.

In order to undertake this experiment we have chosen two particular values of the expected 

rate of cost reduction in the social optimum:

r  = % ) g  (2.39)

The values chosen are r -  0.05 and r = 0.1 We have chosen these values as they represent

'^N«tice that given r and g,  the equilibrium value o f p is also determined by the above expression. We then 
used sinulations to find the corresponding value of 6 and used this in the simulations of the non-cooperative 
equilibria reported on below.
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socially optimal cost reductions one might expect to underlie those observed in reality.

For these two values of r  we report below on the impact of a subsidy regime where g is either 

0.25 or 0.5 while p  = 0.25. We focus on these parameter values because we found in our 

simulations reported in figure 2.2 above, that this was the range in which the non-cooperative 

firms typically chose not to differentiate their research paths.

For all of the combinations of exogenous parameters reported in the left-hand column of the 

table below we calculate the overall welfare loss and the welfare loss fi-om choosing 

duplicative R&D (ZJ) for the case in which the subsidy is applied. We also report the welfare 

{LfP and the welfare loss {L^  for purposes of comparison.

The effects of an optimal subsidy regime

Exogenous No-subsidies Subsidies Exogenous No-subsidies Subsidies
variables variables

r = 0.05 Ln — 
6.1% L I  = 3.7% r = 0.05 Ln — 

6.1%
AT _l>n — 
2.7%

P = 0.25, g = 
0.25

Ln
0.1% = 1.2% ^  = 0.25, g = 0.5 Ln -  

0.2% LI = 1%

r  = 0.1 Ln ~ 
14% = 10.7% 7 = 0.1 Ln ~ 

14% L I  = 0%

P = 0.25,g = 
0.25

Ln
0.1% LI = 2.4% P = 0.25, g = 0.5 Ln

0.2% LI = 0%

Table 2.2

All of the cases we report here focus on non-cooperative equilibria in which the firms choose 

minimal differentiation of research paths. We seek to determine whether the imposition of the 

optimal subsidy has any effect on the choice of the degree of differentiation of research paths. 

We find that in three cases the optimal subsidy does not induce the socially optimal choice 

of fully differentiated research paths. In this case we would expect the welfare loss firom 

choosing a socially suboptimal level of differentiation of research paths to become zero.
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Our findings here confirm the analytical result above which suggested that subsidies would not 

necessarily induce the choice of fully differentiated research paths. Compare the discussion 

surrounding equation (2.37) above.

Notice that where the non-cooperative firms choose the wrong degree of research design co

operation in the subsidy regime, welfare losses decrease over those in the absence of a subsidy. 

This is the consequence of the reduction in underinvestment that the subsidy brings about. 

However the subsidy does not reduce the welfare loss to zero because the non-cooperative 

firms still choose duplicative research paths.

We may conclude that only the formation of an RJV in conjunction with an optimal subsidy 

will always yield the socially optimal level of investment. The results we have derived fi-om 

our simulations do not allow us to establish how common the non-differentiation result is. 

Therefore all we may conclude is that outcomes with greater welfare losses than under RJV 

formation in non-cooperative equilibria with subsidies are possible.

More precisely we have shown the following. The promotion of RJVs by itself is actually 

harmful. The use of an R&D subsidy by itself will achieve the full social optimum in a wide 

class of cases. However, there are cases where a subsidy alone will not achieve the full social 

optimum.

Therefore we conclude that the combination of a policy permitting RJV formation and provid

ing an optimal subsidy is superior to either policy implemented by itself and will achieve the 

social optimum.

2.5 Conclusions

In this chapter we have introduced a model of research co-operation that endogenizes co

ordination on research paths. We have studied both a co-operative (RJV) equilibrium and a 

non-cooperative equilibrium with licensing and compared both to a social optimum.

We have shown that the policies of permitting RJVs and providing optimal R&D subsidies
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are complementary in the sense that either policy alone will not always achieve the social 

optimum. We have shown that RJVs that are not subsidised will underinvest in R&D even 

more than non-cooperative firms, while R&D subsidies do not provide an incentive for non- 

cooperative firms to choose the socially optimal degree of differentiation of research paths in 

all cases.

Our model is special in a number of ways that could be relevant to the conclusions.

i We have ignored the distortionary costs of raising taxes to fund R&D subsidies. Since 

the level of subsidy is typically higher with RJVs than in the non-cooperative equilib

rium, this could affect our conclusions about the desirability of pursuing both policies.

ii We have largely ignored the issue of absorptive capacity when firms try to combine the 

results fi-om their different research paths.

iii We have assumed that the correct level of the optimal subsidy can be determined. This 

is rarely likely to be the case. It is therefore important to determine the effects of an 

arbitrary fixed subsidy as in Spence [1984]. Our conclusions regarding the negative 

effects of subsidies in a non-cooperative equilibrium could be sensitive to the level of 

the subsidy.

I address the second issue in the following chapter, whereas I leave the first and third to be 

pursued in further research.
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Chapter 3 

The Complementarity of RJVs and R&D 

Subsidies when Absorptive Capacity 

Matters

In this chapter I investigate the complementarity of promoting Research Joint Ventures (RJVs) and of 

subsidising R&D when absorptive capacity is costly, I compare RJVs and licensing by non-cooperative 

firms, I allow for the co-ordination of research paths by the firms, I find that the RJV will always choose 

complementary R&D paths, whereas the non-cooperative firms may not, I show that the policies of 

RJV promotion and R&D subsidies are complementary, I also show that promotion of RJVs without 

an R&D subsidy can reduce welfare.
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3.1 Introduction

In this chapter I undertake a welfare analysis of coordination of R&D activity in the presence 

of significant costs of absorbing another firm’s R&D. 1 use the same model of R&D coordina

tion as in the previous chapter.

There we concluded that RJV formation and subsidies to R&D are complementary policies. 

In this chapter 1 will show that in the context of significant costs of absorptive capacity the 

formation of RJVs allows firms to achieve efficiencies which are unattainable in a licensing 

equilibrium. 1 will show that this provides an alternative argument supporting the conclu

sion that RJV formation and R&D subsidies are complements whenever absorptive capacity 

matters.

1 will also demonstrate that the cost of maintaining an ability to absorb outside R&D in

troduces an additional source of welfare losses into the analysis of innovation. As noted in 

section 1.5.1 on page 47 above Cohen and Levinthal [1989] suggest that involuntary spillovers 

may not be such an important source of welfare losses in industries in which absorptive ca

pacity matters.

1 will show here that firms will under-invest in absorptive capacity when it is costly. This 

produces additional welfare losses to those 1 have discussed in the previous two chapters. 

This is because an under-investment in absorptive capacity implies less sharing of knowledge 

acquired through R&D than is socially optimal and therefore under-exploitation of comple

mentarities. Additionally 1 will show below that in the context of under-investment in absorp

tive capacity RJVs that receive an optimal subsidy will not necessarily achieve the first best 

anymore! This implies that a policy which seeks to achieve the first best will be even more 

complex than an optimal subsidy. 1 characterise such a policy below.

The question of absorptive capacity has begun to receive some attention in the literature on 

RJVs. In the first paper to introduce the notion of absorptive capacity into the analysis of RJVs 

Kami en and Zang [2000] introduce an extension of the ‘Ruff equation’ (equation (3.1)) which
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is intended to capture the notion of absorptive capaeity:

= X. + (l -  ô^)xi‘ (l -  ôj) (TXj where i 4̂ j  (3.1)

Here represents total cost reducing R&D open to a firm and x- represents the R&D effort of 

an individual firm.

In the expression introduced by Kamien and Zang [2000] a firm i simultaneously chooses its 

own ability to absorb outside R&D and the extent to which its R&D can be absorbed by others 

by choosing ô̂ . This parameter can therefore be understood as capturing the relevance of a 

firm’s research for that of other firms and vice versa. As the relevance of own research for the 

research of others falls (b rises) an involuntary spillover of information to these firms becomes 

less damaging.

As set out in the introduction the notion of absorptive capacity was first developed by Cohen 

and Levinthal [1989]. In their framework the ability of a firm to benefit from outside research 

is an increasing function of the firm’s own research efforts. If we denote a firm’s absorptive 

capacity as then we can say that ^  > 0. They also note that where the relevance of

outside R&D to own R&D is more difihcult to ascertain, it will be more important for the firm 

to undertake own R&D to maintain a given level of absorptive capacity. Denote an increase in 

the complexity of outside R&D or the loss of direct transferability as an increase in ju. Then 

we can state that ^  < 0, i.e. as the complexity of outside R&D increases a firm’s absorptive 

capacity falls, given its level of R&D effort. Notice that the complexity of outside R&D is 

exogenous here.

Kamien and Zang [2000] define the expression ^ = (l -  as absorptive capaeity in their 

fi*amework. In contrast to the original definition of absorptive capacity the transferability of 

outside R&D to a firm’s own R&D effort is endogenous here. Their expression for absorptive 

capacity is therefore lacking in an exogenous parameter which captures the complexity of 

outside R&D.

This suggests that the expression which Kamien and Zang [2000] have introduced is better
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understood as an expression capturing the simultaneous co-ordination of R&D strategies by 

innovating firms, because the firms control the parameters that determine how easily R&D can 

be transfered between them.

Cohen and Levinthal [1989] also state that an increase in the complexity of outside R&D will 

mean that the marginal effect of own R&D on absorptive capacity increases, > 0 which 

reflects the notion that own R&D becomes more important in the effort of determining which 

part of outside R&D is a complement for own R&D as outside R&D becomes more complex.

Below I investigate the model set out in the previous chapter under the assumption that the 

costs of absorbing outside innovations is substantial. Just as in the previous chapter firms will 

face a choice of research projects, each of which is described by a vector in a two dimen

sional technology space. Firms will be faced with the problem of co-ordinating their research 

directions in this space. In contrast to the previous chapter firms will not face an arbitrarily 

small absorption threshold. Rather each firm’s research in a given dimension must exceed a 

minimum level of investment in order to be able to absorb R&D in that dimension. I call this 

the absorption threshold and denote it as

I interpret the absorption threshold as a level of competence which a firm must achieve in a 

given technology, if it is to absorb innovations in that technology. The cost of absorption to a 

firm rises as the absorption threshold rises. The model below will capture this effect through 

a reduction in the overall cost reduction a firm can achieve if /i increases. This in turn leads to 

a lower probability of R&D investment and a lower expected level of absorptive capacity.

Notice that the absorption threshold is an exogenous parameter here, just as the complexity 

of a technology is exogenous in Cohen and Levinthal [1989]. The existence of this threshold 

implies that each firm faces a choice of specialising in a particular technological dimension 

or of acquiring the capacity to absorb the technology of another firm in a technology which is 

not its core technology. I refer to this choice as the choice between two research strategies. It 

is this choice between research strategies which gives rise to the welfare losses at the centre 

of the analysis below.

In the following section I discuss this welfare loss in greater detail. In section 3.3 below I
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introduce the model, characterise the research strategies open to firms in this model and derive 

the cost reductions each firm can achieve under these strategies. Then in section 3 .41 solve the 

model and characterise the welfare losses that arise in its context. I also provide a comparison 

of the efliciency with which RJVs and non-cooperative firms allocate resources to R&D. In 

section 3.5 I discuss policies with which the welfare losses described in the previous section 

can be addressed. Finally section 3.6 concludes the chapter.

3.2 The resource allocation problem in the context of ab

sorptive capacity

As noted above this chapter provides an explicit welfare comparison between RJVs and non- 

cooperative firms in a model that encompasses absorptive capacity.

I derive the socially optimal degree of complementarity between firms* R&D, the socially 

optimal decisions on absorptive capacity and the socially optimal decision on the degree of in

formation sharing. The performance of firms that form an RJV and firms in a non-cooperative 

equilibrium is measured against this standard. As pointed out in the introductory chapter I 

assume that firms in a non-cooperative equilibrium can share information with one-another 

through licensing.

Note that this standard of social optimality is not concerned with the decisions of the firms in 

the product market. I focus exclusively on the ability of RJVs and non-cooperative firms to 

co-ordinate and allocate resources, to R&D.

In the introduction to the previous chapter we summarised the market failures which exist if 

the problem of R&D co-ordination is considered in conjunction with R&D investment and in

formation sharing. In this chapter I add the welfare analysis of firms’ investments in absorptive 

capacity.

In the interests of simplicity I assume that firms face a threshold investment level beyond
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which they acquire the ability to absorb R&D'. As I show below firms will find it optimal not 

to acquire absorptive capacity for parameter combinations that make it socially optimal for 

them to do so. This gives rise to a welfare loss which I refer to as the absorption problem in 

section 1.5.1 on page 47 above.

I will show that this welfare loss arises in the co-operative equilibrium and also to a lesser de

gree in the non-cooperative equilibrium. I will show that this welfare loss cannot be addressed 

by means of an optimal subsidy such as that introduced in the previous chapter. However I 

also describe an optimal subsidy scheme that does achieve the social optimum. This scheme 

is shown to be much more complex than an optimal subsidy.

3.3 The Model

The model I use to investigate the implications of absorptive capacity for RJV formation is the 

same four stage model that was introduced in the previous chapter. The main difference is the 

explicit consideration of variations in the absorption threshold p.

At the product market stage this model is of a Cournot Duopoly producing homogeneous 

goods. This rather special setting is not essential for the results here, but I maintain it in order 

not to overload the analysis with detail.

Stage 1: Research Co-Ordination The firms choose one of two research strategies: non

specialisation or partial specialisation, where a firm is called ‘specialised’ when it 

cannot absorb outside innovation. Given their choice of research strategy the firms 

choose a research vector in a two dimensional technology space. This space has the 

dimensions x and y. The relative position of the firms’ vectors determines the degree 

of additivity between the R&D of the two firms. I will make this notion more precise 

below.

'a  more complete model might assume that firms trade-off the degree of absorption they are capable of  
against a cost o f investment in absorptive capacity. In such a context the welfare loss I describe here will always 
Euise.
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The firms undertake research in order to lower their marginal cost of production. At the 

outset the firms are symmetrical and both face a marginal cost of production c. I assume 

that the two firms, (1, 2) can both achieve a total cost reduction G = c -  c. Each firm 

faces the choice as to how to distribute its R&D efforts among the two dimensions. I 

express the resulting research vectors as:

Vj H ^ 2  = .where I assume that^ : > À2 (3.2)

Here 0 < A, < 1 stands for the proportion of its R&D investment that firm / directs 

toward research in dimension x. For reasons that will become apparent below define:

%

A = Aj — A2 , 0 < A :< 1

Then A captures the difference between the investment in R&D by firms 1 and 2 in each 

dimension of the technology space. As I show below the greater is this difference the 

greater will be the differentiation between the firms’ research vectors.

I make two important assumptions about the role of absorptive capacity in the choice of 

the research vectors:

i I assume that a firm must invest at least a fi-action fi (where 0 < // < 1) of its R&D 

in a dimension of the technology space to be able to absorb an innovation which 

the other firm achieves in that dimension.

ii I assume that absorptive capacity is only acquired where firms successfully inno

vate.

These assumptions imply that when R&D vectors are differentiated firms can only share 

information if at least one invests beyond the absorption threshold in the relevant dimen

sion of technology space. When R&D vectors are not differentiated firms will either be 

unable to share or will not gain anything from doing so.

^This convention allows us to avoid analysing identical cases that differ only in the role of firm 1 and 2.
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The assumptions are the most restrictive possible assumptions in that they rule out the 

possibility of information sharing where only one firm has innovated and the other has 

at least attempted to acquire absorptive capacity^.

I provide an intuitive defence of this assumption in section 1.5.2 on page 52 below. 

However I clarify there that this is not a necessary assumption. If  I were to drop it 

establishing the relative profitability of the two specialisation strategies I investigate 

here would become very much harder. I clarify this on page 144 below. To this extent 

the assumption made here simplifies the analysis and allows me to derive analytical 

results. I argue below that it does not affect the qualitative conclusions derived in this 

chapter.

Given the notation introduced above I can characterise the research strategies between 

which the firms choose as follows:

• Non-specialisation: Both firms choose their research vectors such that they are 

able to absorb the innovation of the other firm. This implies that:

Ap [l -  A2] > A2, [1  -  Ai] > //

• Partial specialisation: One firm (Firm 2) remains a generalist, whereas the 

other becomes a specialist. This implies that either :

[1  -  A j > A2 > [1  -  A2] > // > Aj and p < \, or:

[1  -  Aj] > [1  -  A2 ] > /i > 5 > A2 > Ai

This case arises when absorption costs are fairly high. Joint profits can then be 

increased if only one firm chooses to invest in absorptive capacity.

An illustration of these ideas is provided in section 3.3.1 below.

^Assumption ii is just the same as that discussed in the previous chapter. Compare page 9 1 below. The 
discussion o f this issue in the previous chapter applies here too. I only address additional issues arising in this 
chapter here.
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Once the firms have determined the research strategy which is profit maximising given 

the R&D project they are undertaking and the cost of acquiring absorptive capacity 

that they face, they will choose the degree of differentiation A between their research 

vectors.

The choice of research strategy by the firms will restrict their ability to differentiate 

their research vectors. This means that even though firms may prefer to differentiate 

their research vectors as much as possible, they may not be able to choose completely 

complementary research vectors. This will be the case if  maintaining an ability to ab

sorb one-anothers R&D is profitable. The tradeoff between the ability to differentiate 

research vectors and the ability to absorb outside research underlies the choice of re

search strategies in this model.

Stage 2: R&D Investment The firms choose the probability with which their research vec

tors Vj 2 become progress vectors Vj 2 - In doing so they face the constraint that the cost 

of achieving a given probability of innovation p is given by the R&D cost function 'yip). 

This cost function has the properties that no firm will ever innovate with certainty but 

both firms always have an incentive to invest a positive amount into R&D, i.e. 0 < p < 1. 

This implies that the R&D cost function satisfies the following conditions:

y(0) = 0 /(O ) = 0 Vp, 0 < p <, 1 Yip) > 0, Y'ip) > 0 (3.3)

On page 141 below I introduce a further condition under which it is neither socially 

optimal nor profit maximising to innovate with certainty.

Once the firms have invested in a probability p of innovation, the innovations are realized 

simultaneously. The firms’ probabilities of innovation are assumed to be independent. 

There are three possible outcomes of the R&D investment stage: both, one or no firm 

hnovates. 1 set out the resulting cost reduction in each of these cases on page 132 below.

Stage 3: Technology Sharing Given the outcome of the innovation process the firms may 

le able to share newly discovered technologies with one another. This is the case iff
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both firms have innovated and at least one of the firms has invested in sufficient absorp

tive capacity. Logically there are five different possible outcomes, which I characterise 

below" :̂

a : Both firms innovate. Both firms share technologies.

b : Both firms innovate. Only firm 1 shares its technology.

c : Both firms iimovate. No firm shares its technology.

d : Firm 1 innovates. Firm 2 cannot absorb.

e : Neither firm innovates. No technology can be shared.

Stage 4: Product M arket Competition In the final stage of the game the firms choose their 

output and compete in the product market. I assume that the firms are engaged in 

Cournot competition. In order to simplify the analysis as much as possible I assume 

that consumers have a quasi-linear utility function and that demand is linear:

U = a ' Q —  ̂ ^  + Z  (3.4)

P = a -  Q where a>  0 (3.5)

Here Q = aggregate output in the industry and P  is price. I set out the

expressions for output, profits and social surplus that follow fi-om these assumptions in 

appendix 3.7.1 below. I assume that both firms are always active in equilibrium, which 

implies that: G < a - c .

This game is solved by backward induction.

'‘There are two other cases which differ trivially from these only in the roles of firms 1 and 2 where these 
firms are no longer symmetrical.
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3.3.1 An illustration of the role of absorptive capacity

To strengthen the intuition regarding the role of absorptive capacity in the choice of firms’ 

research vectors I provide a graphical illustration of the ideas set out in the discussion of Stage 

1 of the game above.

The technology space in which firms undertake R&D is presumed to be two dimensional 

here. I choose a vector based representation of research paths as this provides us with an 

intuitive diagrammatical representation of the idea of duplicative and additive research paths. 

Hence firms choosing the same research vector are taken to be duplicating one anothers’ R&D, 

whereas firms that choose different research paths may be able to combine their R&D (add 

it together) if they have made suitable investments in the capacity to absorb the other firms’ 

research output. As I show below the model is flexible enough to accommodate asymmetrical 

absorption.

In the diagram below I set out the basic elements of the model. I then introduce a further 

diagram which captures the essence of the two research strategies open to firms in this model. 

As described on page 123 above the technology space within which firms choose a research

P •

y

Figure 3.1: The representation of a research vector.

vector has the dimensions x and y. Furthermore I assume that each firm is attempting to 

achieve a total cost reduction G. This cost reduction is illustrated as a diagonal in the figure 

above. Notice that the cost reduction represented by a vector is not given by its length! Rather 

the cost reduction represented by a vector such as v, is captured by the sum of the lengths of
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the orthogonal vectors along the axes x and y that sum to produce that research vector. In the 

diagram the cost reduction represented by the research vector is : + y, = G. This will be

true for any research vector that connects the origin with the diagonal labelled G.

The figure also illustrates the absorption thresholds in both dimensions. The research vector 

V; has been chosen to lie above the absorption threshold in both dimensions, i.e. x,, y, > ji'G . 

Therefore firm 1 could absorb any innovation achieved by another firm in both dimensions. 

In figure 3.2 on the following page I illustrate the optimal choice of research vectors by two 

firms under two alternative research strategies.

y

Both firms 
^haring :ihn2 Firm 2

aher learning 
-thKgeneralist’

Firm 2

irm 1:G

Firm Ntfie ‘specialist’

1
r

A

Figure 3.2: An illustration of the research strategies of non-specialisation and partial 
specialisation

Notice that A as defined on page 123 above measures the distance between the research vectors 

that the firms choose, and is also a measure of the complementarity of the R&D the firms 

undertake. If A = 0 the firms are doing the same research and there is no complementarity at 

all, whereas as A ^  1 the complementarity of the research increases.

The diagrams show two possible combinations of progress vectors. In both diagrams the 

absorption threshold is marked as /i • G. I depict combinations of progress vectors that will 

allow the firms to share infonnation in the case of simultaneous innovation. Below I show this 

to be the optimal choice.
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The left hand diagram illustrates how the firms combine their R&D to achieve a greater 

cost reduction than either might have achieved by itself under the research strategy of non

specialisation. Each firm has chosen a dimension in which it has achieved a great cost reduc

tion and another dimension in which it has achieved a smaller cost reduction. The two firms 

have specialised in two different dimensions. However they are in a position to exchange their 

knowledge because they have made enough progress in the other dimension, to be able to 

absorb an innovation in that dimension. Note that both firms achieve the same cost reduction 

after innovation and information exchange; note also that they will share the same technology.

In the right hand panel I depict the research strategy of partial specialisation. Firm 1 has 

chosen to specialise entirely in dimension x, whereas firm 2 has chosen its R&D vector in such 

a way as to be able to absorb the advance of firm 1. We can see that if information is exchanged 

the cost reduction which firm 2 achieves is greater than that achieved by firm 1. Furthermore 

in the event of an exchange of information firm 2  will have a better technology than firm 1 . 

Henceforth I refer to firms like firm 1 as ‘specialists’ and firms like firm 2 as ‘generalists’. 

Furthermore I introduce the convention that all endogenous variables referring to generalists 

will carry the superscript ̂  and those referring to specialists will carry the superscript

I demonstrate below that firms will choose either of these two patterns of research vectors 

depending on the cost of absorptive capacity.

3.3.2 Deriving the cost reduction for each of the innovation outcomes

Here I set out how the progress vectors of each firm translate into cost reductions. I do this for 

any conceivable combination of progress vectors under the model set out above.

Given that each firm can achieve a total cost reduction of G, a firm i will choose a two dimen

sional research vector

V, =
X .G  

( 1  -  X,) • G
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The outcome of the innovation process will then be a progress vector

A. G 0

V/ = G  < ,

Yf. (l -  A.) ' G o]
' where 0 < A- < 1 / = 1,2

If at least one firm has chosen a research vector allowing it to absorb the innovation of the 

other and both firms have innovated successfully the firms can exchange information. Then 

the total progress both firms will make in any given dimension will be the greatest progress 

that any one firm has achieved in that dimension. I denote the progress in any dimension after 

information exchange with capitals, i.e. X, Y.

Formally I express all of the above as follows:

For the choice of progress along dimension z e  {x, y} by a firm i the total progress Z e  {X, V) 

in that dimension will be:

A .l Z. = Z-, i = 1,2 if 0 < z. < // • G

A.2 Z. = MAX [z., Zj], i ^  j, /, y G {1,2) if  z. > // • G 

A 3 The total cost reduction achieved by / is c -  c. = X. + Y.

Here the use of the MAX operator captures the idea that within one dimension firms’ discov

eries are perfect substitutes.

In the table below I set out how firms’ progress vectors are translated into cost reductions for 

the cases a-d set out on page 127 above. Case e means that the firms do not reduce their costs 

at all.
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Translating progress vectors into cost reductions

Cost redu(

-Both firms innovate

:tion if:

- Only firm 1 innovates

1<a
f

: Vj2 = -> c - C j 2 = G ( 1 +A)

^ : Vi = ^  [ c -  ĉ  = G 

6  : Vj = G j - 4  c — C2 = G(l-hA) 

c:v,. = g[,:^;^|-^ c - c . = G i e { \ , 2 ]

t/ : V] = G 1̂ ] "̂  c -  Cj = G 

: V2 = G [q] c -  C2  = 0

&

I
Vj = G [ j ^ y -> c - c ,  = G(1+A)  

a, 6  : V2 = G ^  0 - 0  ̂ = G 

c:V; = ^  c - c .  = G / e  {1,2]

c - c i

û?:v2 = G [ q ] ^  c -  C2  = 0

Table 3.1

Given the cost reduction for each configuration of progress vectors and innovation outcomes I 

can proceed to set out the corresponding expressions for output, profits and Social surplus.

3.4 Solutions and Welfare Losses

In this section I solve and analyse the model set out in the previous section.
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3.4.1 Stage 4: How research vectors translate into cost reductions

Solving for equilibrium output in a Cournot duopoly I get the well known expression:

=
a — 2c ■ + Cj

which I re-express as:

<=>9i =  [(a -  c) +  (c -  C,.) +  (cy -  c,)] • I 

r C - C :  C, -C, l  1
= A ‘ 1 +

a -  c a -  c
where A = a -  c > 0 C3.6)

I insert the cost reduction terms set out in table 3.1 above into equation (3.6) to derive the 

equilibrium outputs for each configuration of progress vectors and innovation outcomes. De

fine g = ^ .  The resulting expressions for outputs, profits and the Social surplus are relegated 

to Appendix 3.7.1.

3.4.2 Stage 3: Technology Sharing

At this stage firms will already have chosen whether or not to invest in absorptive capacity and 

a firm will only be able to absorb a technology firom the other if  it has invested in sufihcient 

absorptive capacity.

Where firms choose an additive R&D strategy (i.e. they wish to be able to absorb the innova

tion of the other firm) they face a choice about information sharing only where both innovate 

simultaneously. Any decision not to share information is made in order to maximise profits, 

and we assume that the firm which does not receive knowledge firom its partner will not make 

use of any involuntary spillovers.

The proof of the following result is relegated to appendix 3.7.2 due to its length. There I show 

that:
Result 3.1

• Both firms have innovated:

-  The firms will never find it optimal not to share technologies at all.
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-  The firms will find it optimal for one firm to share technology with the other but 

not vice versa when the following condition holds:

2
g > — — -  where 3A -  2 > 0 never, where 3 A - 2  < 0

3A — 2

The upper bound for A is 1. This implies that g must always be greater or equal 

to at least 2 i f  the left hand inequality is to hold. I have to restrict g  to be smaller 

than 1 to exclude exi^. This implies that the firms will always share technologies 

entirely when both are able to absorb them.

• Only one firm innovates:

-  B y assumption the firms cannot share technologies at all.

The intuition here is that the firms will only find it profitable not to share technologies if 

this opens a large enough gap between their marginal costs. This result is first derived by 

Katsoulacos and Ulph [1999] This gap will have to be very large where both firms innovate 

and their innovations are complementary. Such gaps are ruled out here by assumption as the 

corresponding innovations are so drastic that if only one firm is successful the other must leave 

the industry.

Note that it will always be socially optimal to share as much technology as possible. The 

more technology is shared the lower will be average industry costs and this will maximise 

social surplus.

3.4.3 Stage 2: Equilibrium R&D investment

In this section I show that the firms in the RJV under-invest more relative to the social optimum 

than the firms in a non-cooperative equilibrium. Furthermore I show that the non-cooperative

^Compare the expressions for output in case d on page 166 below.
show that it is not robust to variations in the number of product market competitors in chapter 4 below.
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firms are not always able to choose partial specialisation, even though this is possible for the 

firms in an RJV.

In the previous section I discussed two possible strategies of specialisation for the firms in ei

ther type of equilibrium. Here I analyse each of these strategies in turn, providing comparisons 

of the cooperative and non-cooperative outcomes with the socially optimal outcomes.

3.4.3.1 Non-spécialisation

This strategy implies that both firms wish to maintain an ability to absorb one-anothers’ re

search. I set out the objective functions for the two types of equilibria below and derive the 

corresponding first order conditions^.

I assume that the non-cooperative firms engage in cross-licensing of technologies when both 

of them innovate. This means that there is no license fee and the firms simply exchange 

technologies.

The Social Optimum:

^  + '^Po “  Po) “  Po) ^e~  ^y(Po) P '7 )

The RJV-equilibrium:

= P^^g(A) + 2pj^[l + - p ^  Eg - 2 y(p^) (3.8)

The non-cooperative equilibrium:

4  = PllPl’̂ aW + Plf(l -  Pw) + (l -  PN)pWd

+ ( ' -Pw)( '  “ P«)^e“ ')'(PÀr) (3-9)

^All variables should carry a superscript f here to indicate that they are specific to the equilibrium in which 
both parties choose to be generalists. I suppress the superscripts for the time being in order to unclutter the 
notation.
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From these objective functions I derive the first order conditions:

P o (5 ,(A )-5 ,)  + (l - P o ) ( -S ,-5 j  = /(P o ) (3.10)

pR K (A ) -  £,) + (1 -  P«) (£, -  2,) = y W  (3.11)

Pn (7r.(A) -  n^) + (l - p „ )  -  n^) = / (p ^ )  (3.12)

For the moment I assume that a unique interior solution to these expressions exists. I shall set 

out the expressions that guarantee this below. I am also assuming that the firms are identical 

in the sense described in the appendix to the introduction in section 1.7.1 on page 65 above. 

This allows me to write down only one equation for the two firms for each of the cases above.

We can identify the ‘competitive threat’ and the ‘profit incentive’ for each of these equilibria, 

where these are defined as

The competitive threat This is the payoff increase from innovation, conditional on the sec

ond firm having innovated.

The profit incentive This is the payoff increase from innovation, conditional on the second 

firm failing to innovate.

These are set out in the table below:

The table shows that the firms in the RJV invest less in R&D than the non-cooperative firms.

The table shows how the market failures identified and discussed in the introductions to the 

thesis and the previous chapter interact to give this result. The comparison of the RJV and 

the social optimum shows that both the profit incentive and the competitive threat faced by 

the RJV are smaller than those in the social optimum. The difference between the incentives 

captiures the undervaluation effect.

^Conpare the discussion in section 2.3.1.3 on page 98 of the previous chapter.

136



3A CHAPTER THREE

Comparing Innovation Incentives

The Competitive Threats The Profit Incentives

Social

Optimum [CS,(A)-CS,1 + [Z„(A)-E,1
S d -S e  =
fC 5 ,-C S ,l + [2 , - S , l

RJV 2 a(A) -  Zj ^ d - ^ e
Non-Coop.

Firms i + 5  {^d -  ^d)

7T j  -  7T, =

5 [^d ”  + 5 i^d -  ^d)
Table 3.2

The profit incentive and competitive threat faced by the non-cooperative firms can be decom

posed into two terms. The first is half of the profit incentive or competitive threat faced by 

the RJV. This captures the stand alone effect. The second effect arises from the firms’ prefer

ence for being the sole innovator and the higher profits that this implies. The difference in the 

profits of the sole innovator and the non-innovating firm is 5  \n^ -  7tj\. This term captures the 

strategic investment effect introduced in section 2.3.1.5 on page 101 of the previous chapter. 

The effect arises where firms care whether it is they or another firm which is the sole innovator, 

i.e. when the firms face the prospect of asymmetrical costs.

Using the expressions set out on page 166 in appendix 3.7.1 we can show that the strategic 

investment effect always dominates the stand alone effect. This can be done for both of the 

comparisons arising in table 3.2 above. I do it here for the competitive threat:

<0 (3.13)

Given that A < 1 the first term will always be less or equal to the second.

We can conclude that where the firms choose a strategy of non-specialisation the firms in the 

RJV will always face a lower incentive to innovate than non-cooperative firms where both
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choose the strategy of non-specialisation.

3.43.2 Partial specialisation

I show below that joint profits may be higher where one of the two firms in the RJV specialises 

and the other remains a generalist when // is large. This partial specialisation allows the firms 

to reduce the costs of acquiring absorptive capacity. As before I set out the objective functions, 

first order conditions and the innovation incentives that follow fi*om these.

Notice that because only one of the two firms will now be acquiring a new technology from 

the other, the non-cooperative equilibrium involves the payment of a license fee F. I will 

characterise this fee in the discussion below.

The objective functions in this case are^:

The Social Optimum:

^  + Po ”  Po) ~ Po) ~ '̂ 'Ŷ Pq) (3.14)

The RJV-equilibrium:

+ 2p^ ( 1 -  p^) -H ( 1 -  p^) Zg -  2y(p^) (3.15)

The non-cooperative equilibrium:

^  =Pj/Pw(jT»i,(À) + F) + p j,( l +

+ -P ^ )^ e  “ T W  (3.16)

JW  =  P N p %  ( % ( Â )  -  F )  +  pw  ( l  -  P ^ )  +  ( l  -  p w jp ^W j

+ ( ' “ P w) ( ' ~ P «) ^ e - r ( P ^ )  (3.17)

 ̂All variables should carry a superscript ̂  here to indicate that they are specific to the equilibrium in which one 
firm chooses the role o f a specialist whilst the other chooses the role of a generalist. I suppress the superscripts 
for the time being in order to unclutter the notation.

138



3.4 CHAPTER THREE

From these objective functions we can derive the first order conditions:

The Social Optimum:

Po "  Po) (^d ~^e) = y  (Po)

The RJV-equilibrium:

P;; (Z^(Â) -  Z,) + (1 -  p^) (Ẑ  -  Z j  = /(P;,) (3.18)

The non-cooperative equilibrium:

PN (%(Â) + F  -  PTj) + (l -pw) (n^ -  jrJ = y 0 4 ) (3.19)

pj, b^C A )- F - 7 T j j  + { l - p l , ) { n ^ -  n^) = y  (p* ) (3.20)

Once more I assume that a unique interior solution to the above expressions exists. I will 

return to this assumption below.

Notice that as p -» 1 the strategy of partial specialisation becomes a strategy of duplicating 

research vectors.

The license fee F  has to leave the licensor at least as well off as they would be without issuing 

their license and can be no greater than the added profit for the licensee. I will assume that the 

firms have equal bargaining power*®.

The license fee to be payed when both firms innovate will be:

F = \  -  ^5) + 5 (̂ Trf -  = ~̂ 2  (3.21)

Is partial specialisation feasible? In this model the two firms are ex ante identical. This 

implies that if in a non-cooperative equilibrium one of the two firms agrees to specialise, whilst 

the other remains a generalist the firms’ profits will have to be ex post identical too.

The license fee F  set out above is sufficient for the profit incentives and competitive threats of

'®The assumption that both firms have equal bargaining power, seems defensible in light of their ex ante 
symmetry.
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the generalist and the specialist firm to be equal. Therefore ffj  ̂ = pN and the firms’ expected 

profits will also be equal:

(3.22)

This also has the implication that the expected profits fi*om the research strategies of non

specialisation and partial specialisation will be equal when the following condition is satisfied:

nN = 7 f ^ < ^ 7 i ^ - F  = + = 2n^

This condition is the same as that for indifference between the two research strategies by the 

firms in an RJV. The corresponding boundary in p, g  space is derived in Appendix 3.7.6.

The innovation incentives that follow from this discussion are set out in the following table:

Comparing Innovation Incentives

The Competitive Threats The Profit Incentives

Social

Optimum [ c s , - c s , l  + f s , - z j

RJV -  ^d ^d~'^e
Non-Coop.

Firms
i  {^qb ^âb) ~ ^d -  

5 W  + 5 k  “  ^d)

nj -7 te  =

5  + { k  “  ^d)
Table 3.3

This table presents a similar set of results to those in table 3.2 above. The undervaluation 

effect once more reduces the profit incentive and competitive threats of the RJV below the 

socially optimal level.
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Furthermore the the stand alone effect and the strategic investment effect again interact to 

provide a stronger incentive for innovation to the non-cooperative firms than to the RJV. This 

can be easily shown using the expressions set out on page 166 below.

Therefore I have now demonstrated that independently of the research strategy the firms in the 

RJV face lower innovation incentives than the firms in a non-cooperative licensing equilib

rium, when we compare the two modes of R&D cooperation under the same research strategy.

I have yet to determine whether the non-cooperative firms and the RJV will always pick the 

same research strategies. This is done in the following section.

3.43.3 Conditions for the existence of a unique interior equilibrium

Here I introduce two further assumptions that guarantee the existence of a unique interior 

solution for all of the above expressions which I have so far assumed. Notice that the first 

order conditions (3.10)-(3.12) and (3.18)-(3.20) all share an identical structure. In each case 

the expression on the LHS is the marginal benefit of an increase in the probability of discovery 

by a firm. This expression is always linear in p and strictly positive when p = 0. Given my 

assumption at (3.3) a solution withp = 0 is impossible. From now on I also assume that:

• for all 0 < A < 1, a solution with p  = 1 is impossible:

y d  ) > MAX [(5„(A) -  S, ) , (5,,(A) -  S ,) . (Z,(A) -  S ,) , (S,,(A) -  S ,) , (;r,(A) -  n, ) , (;r^ -  ^i)]

There must therefore be at least one interior value of p for which the above first order 

conditions are fulfilled.

• I also impose the assumption that the interior equilibrium is unique. This implies that 

the cost function has the property that the marginal cost curve always cuts the marginal 

benefit curve from below. For the case of the non-cooperative equilibrium this implies
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that:

A = y"{p) + A > 0 

where h = M A X -  n j,h ) -  t t J , + n ^ -  7T̂ (̂A) -  n^]

3.4.4 Stage 1 : Choosing the optimal research vectors

In this section I show that the formation of an RJV sometimes allows firms to co-ordinate their 

R&D more effectively than they could in a non-cooperative equilibrium with licensing.

The choice of the optimal research vectors by the two firms depends on the equilibrium they 

are in and on the level of the absorption threshold.

Beginning with the RJV I show that irrespective of the absorption costs the firms in the RJV 

will always choose maximally differentiated research vectors. Then I demonstrate below that 

firms in an RJV will choose a research strategy of partial specialisation when costs of absorp

tion are high. If both firms innovate this leads to an outcome in which the firms are ex post 

asymmetric, with the specialist having higher costs and a smaller market share after innovation 

and technology sharing.

Turning to the non-cooperative equilibrium I demonstrate that firms may choose minimally 

or maximally differentiated R&D vectors. This is a reafiirmation of result 2.5 set out in sec

tion 2.3.1. 6  on page 104 above. I then demonstrate that firms in this type of equilibrium may 

be unable to choose an asymmetric equilibrium because it is not incentive compatible.

Finally I discuss the welfare implications of these findings through comparisons of the RJV 

and licensing equilibrium with the socially optimal choice of R&D vectors.

3.4.4.1 The Socially Optimal Choice of R&D Vectors

In the social optimum the firms would choose their R&D vectors while taking into account 

the social surplus thereby generated and not simply their own- or joint-profits. In this section
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I demonstrate that it is always socially optimal to maximally differentiate R&D vectors. I also 

investigate whether it is ever socially optimal for firms to choose asymmetrical R&D vectors.

To do this I differentiate the welfare functions for symmetrical and asymmetrical equilibria 

with respect to the measure of distance between the firms’ R&D vectors A that was introduced 

above. Note that this measure will have slightly different domains depending on the research 

strategy which the firms adopt:

Symmetric absorption capability: 0 < A < (1 -  2ji) (3.23)

Partial specialisation: 0 < À < ( l - / i )  (3.24)

The firms will not follow a strategy of symmetrical absorption capabilities where ^  as 

this would imply that they make more progress in the pursuit of the capability to absorb than, 

the firm from which they wish to leam. Therefore it is likely that the firms will have chosen a

strategy of partial specialisation when // = 4 .2 -

11.The expected social surplus arising from the two research strategies is

W" = + 2p" (1 -p " )  • + (1 - p " f  ■ 5, -  2y(p") (3.7)

W” = + 2 /f  (1 + (1 - f f f  ■ S, -  2 y ( /)  (3.14)

where the probabilities of innovation are functions of the degree of differentiation: ff{A),  p^(A).

I derive the following Result in Appendix 3.7.3:

Result 3.2

It is always socially optimal to differentiate R&D vectors maximally whilst maintaining the 

ability to absorb outside R&D. This implies that:

A  = I -  2fj. A  = I ~ p

Notice that it is never socially optimal for the firms to undertake more research than necessary

I suppress the q subscripts here.
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to establish an absorptive capacity in the dimension in which they are seeking to leam from 

the other firm.

At the first stage of the game described above the firms choose both their research vector and 

their research strategy. The research vector the firms can choose is dependent on the choice of 

the research strategy as Result 3.2 shows. The firms’ choice of research strategy is a function 

of the size of the innovation which they are attempting and the cost of absorptive capacity 

which they face.

The following result characterises the socially optimal choice of research strategy:

Result 3.3

It will be socially optimal to choose the research strategy o f  partial specialisation whenever

a >
^  (3 4 /y -5 -2 l/)"

This result is derived in Appendix 3.7.4.

Note that the socially optimal choice of research strategies here depends only on the difference 

in social surplus that arises when both firms innovate. The comparison of these surpluses 

yields the condition in Result 3.3. It is apparent from a comparison of equations (3.7) and

(3.14) that S^{A) > S^^(A) implies that W” > and vice versa.

Result 3.2 just states that given the socially optimal choice of research strategy it will be 

optimal to differentiate R&D vectors maximally. However firms must maintain the level of 

absorptive capacity necessary for the optimal research strategy. The result shows that under 

partial specialisation the firms are able to differentiate their R&D to a greater extent (A > A) 

than under non-specialisation. This comes at the cost of the inability of one of the two firms 

to absorb the others’ R&D. In the diagram below I illustrate how variation in the size of 

the innovation and the absorption threshold makes one or the other strategy more socially 

desirable.

Notice that it matters for the derivation of the result that firms are assumed to be unable to 

share information in the case where just one firm innovates. If this assumption were dropped 

then profits for the RJV in the case where only one firm innovates would differ between the
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two research strategies. This would make it much harder to analytically derive the boundary 

between the parts of parameter space in which the two research strategies are optimal.

In this sense the assumption that information is only shared where both firms innovate is 

a simplifying assumption. It has the same simplifying effect on the analysis of the private 

incentives to differentiate research strategies below.

Without the assumption I would need to put far more structure on the R&D cost functions. The 

effect would be to make the probability of innovation p  a further channel for the interaction 

of the parameters g  and p. This would not alter the fact that private incentives and social 

incentives for the adoption of partial specialisation differ. Therefore the assumption would not 

affect the qualitative results which I derive firom this model.

To illustrate Result 3.3 I plot the boundary in //,g  space between the parameters for which 

non-specialisation is optimal and those for which partial-specialisation is optimal.

Non
specialization 
socially 
optimal

Partial-
specialization
socially
optimal

n 1----------r — I-------1---------1---------1---------1---------r

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Figure 3.3: When it is socially optimal to choose asymmetric research vectors

The plot shows that, it will be optimal to choose asymmetrical R&D vectors for lower absorp

tion thresholds, the greater the size of innovation g. In interpreting the diagram we should 

bear in mind that given g, an increase in p  represents a greater firaction of innovative activity 

going towards the ability to exchange information.

We showed above that it will always be socially optimal for both firms to share information
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with one another. In this sense the inability of one firm to absorb the innovations of the other, 

that would arise firom specialisation, represents a loss to society. However as innovations 

become larger, a given fi represents a growing absolute expenditure on absorptive capacity by 

both firms. Thus there is a gain if one firm specialises in cost reduction only, and this gain 

increases with g for a given fi. The boundary plotted in figure 3.3 represents the locus of those 

points where this gain exactly outweighs the loss to society that arises firom asymmetry.

3.4.4.2 The choice of research vectors by the RJV

The firms in the RJV will always find it profit maximising to differentiate their research paths 

as much as possible. We can show this by analysing their expected profits for equilibria with 

symmetric and asymmetric absorption capacities.

The firms expected profits under the two research strategies are:

n" = (p")%  + 2 / ( l - p " )  Z  ̂+ ( l - p " f  ■ 2, -  2r(p”) (3.25)

n» = + 2p^ (1 -  p^) • 2^ + (1 -  • 2, -  2y(p^) (3.26)

where the probabilities of innovation are once again functions of the degree of differentiation 

of the firms’ research vectors p"(A), p^(A). I drop the ^ subscripts on the probabilities here to 

ease notation.

Given these expressions 1 can show that:

Result 3.4

The firms in the RJV will always choose maximal differentiation o f  R&D vectors.

Result 3.4 is proved in Appendix 3.7.5 where I show that:

^  = (p”) ^ ^ > 0  (3.27)

^  > 0 (3.28)
aA aA

The firms in the RJV must choose which research strategy to follow. I showed above (3.1)
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that the firms will always prefer to share information with one another. This implies that there 

is a loss in joint profits if one firm is unable to absorb the innovation of the other. However 

by ehoosing a strategy of partial specialisation the RJV will reduce expenditure on absorptive 

capacity that may be employed in further reducing the costs of both firms. I can show that a 

boundary exists along which these two effects exactly offset each other.

In order to determine when asymmetric research vectors are optimal for the firms I compare 

the expected profits under symmetric and asymmetric research vectors:

n" = (p’’) %  + 2p” (1 -p " )  • + (1 - p " f  ■ 2, -  2y(p") (3.8)

n '  = (p^)Xi, + 2 p f ( i - y ) . 2 j  + (1 - p ^ f  ■ 2  ̂-  2 r0 /)  (3.15)

where the probabilities are determined by the following f.o.c.’s:

p" K-2, )  + ( i - P")■ X - =  r'(p")
P̂  ■ X„ - 2 j  + ( l - / )  Zj  = 7>(P̂ )

The first order conditions show us that the probability of innovation in an asymmetric equi

librium pP will be greater than that in a symmetric equilibrium as soon as > E .̂ The 

expected profits for the RJV from an asymmetric equilibrium will also be greater as soon as 

this condition is fulfilled.

Result 3.5

Whenever g > the hrms in the RJV will choose asymmetric research vectors.

This Result is derived in Appendix 3.7.6. Figure 3.4 below shows this boundary between the 

parameter combinations for which RJVs choose symmetrical and asymmetrical R&D vectors.

The figure not only plots the boundary between those parameter combinations for which sym

metrical and asymmetrical research vectors are profit maximising for the RJV, but also the 

boundary beyond which it is socially optimal for firms to choose asymmetrical research vec

tors. The figure divides the parameter space p, g  up into three segments:

A Here the firms choose symmetric absorption capacities and this is socially optimal.
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0 0.1 02 o; 0.6 0 7 0 6 0 9

Figure 3.4: Boundaries for partial specialisation to be optimal and profitable.

B Here the firms choose asymmetric absorption capacities whilst this is socially subopti

mal.

C Here the firms choose asymmetric absorption capacities which is socially optimal.

Firms clearly specialise sooner than is socially optimal. RJVs that are described by the pa

rameter combinations in segment B will produce the welfare loss from undervaluation, and an 

additional welfare loss due to inappropriate specialisation. This welfare loss arises because the 

social and private incentives for both firms to invest in absorptive capacity differ. It captures 

the absorption problem .

In the table below I set out the innovation incentives in the social optimum and those faced by 

the RJV for parameter combinations fi, g in area B. The table allows me to illustrate how the 

absorption problem arises. The bold term -  5”̂ )̂ captures the social incentive to invest in 

absorptive capacity for both firms, which the RJV does not face.

When the RJV faces parameter combinations in area A it can be shown that the RJVs incentive 

to invest in absorptive capacity falls short of the social incentive. However the

discrete nature of the investment choice in this model has the consequence that the overall 

welfare loss which can be ascribed to the RJV is unaffected by the difference between the 

private and social incentive to invest in absorptive capacity, because the firms in the RJV make
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the correct investment decision. However once the RJVs incentive to invest in absorptive 

capacity for both firms is nil, the absorption problem arises because > 0  at this

point.

The Absorption Problem

The Competitive Threats The Profit Incentives

Social

Optimum

5 „(A )-S , = ( S 3 - S J  + 

[CS3,(A) -  C5^1 + [S„,(A) -  S j \CS, -  C5,l + [Z, -  Z j

RJV

-  2 ,
Table 3.4

It now remains to determine whether the non-cooperative licensing equilibrium gives rise to a 

similar welfare loss.

3.4.4.3 The choice of research vectors in a non-cooperative equilibrium

The expected profits of each individual firm in a non-cooperative equilibrium are exactly the 

same as those of each individual firm in the RJV. Asymmetric R&D vectors therefore have 

the potential to increase the joint profits of the firms in a non-cooperative equilibrium for the 

same parameter range as for an RJV.

In contrast to the RJV which maximised joint profits the firms in a non-cooperative equilibrium 

maximise only their own profits. When both firms choose symmetrical research vectors the 

value of the exchanged technology will be the same to both firms and thus no payments will 

be necessary.

However in a case in which one of the firms chooses to forgo the ability to absorb the innova

tions of its rival (asymmetrical research vectors), that firm will charge the other a license fee
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for any technology it passes on. Assuming equal bargaining power of the two firms neither 

firm will be willing to become a ‘specialist’, unless it can expect to become at least as well off 

as its rival in the process.

Below I set out the expected profits of both firms in a non-cooperative equilibrium in which 

they choose symmetrical research vectors as well as for an equilibrium in which the firms 

choose asymmetrical research vectors'^.

+ p'* (1 -  p'*) • [tt^ -1- ;r ]̂ -h (1 -  • tt, -  y(p") (3.9)

Asymmetrical R&D Strategies:

m = ( / f f  + F) + pP(1 -pP)[7:^ + n-^ + {\ - p ^ f  (3.16)

7T2 = i p P f [ n ^ {A ) - F) + pP { \  -p^)[;r^-i-7r^]-i-(l - f f f n ^ - y i p P )  (3.17)

Here firm 1 is the specialist and firm 2 is the generalist. The probabilities of innovation are 

functions of the degree of differentiation between the firms’ research vectors: p"(A),p^(A). 

The license fee F  is defined in equation (3.21) above.

The incentives to differentiate R&D vectors facing the firms in a noncooperative equilibrium 

are set out next. Then I show that not all equilibria involving asymmetrical R&D vectors are 

incentive compatible in a non-cooperative equilibrium.

The following differentiation result is derived in Appendix 3.7.7:

Result 3.6

In a non-cooperative equilibrium the firms will choose either minimal or maximal differentia

tion o f  R&D vectors. They will choose minimal differentiation i f  diminishing returns to R&D 

are small.

order to keep the notation simple I suppress all the ^ subscripts here. I have also deviated from the 
superscripts  ̂and for the same reason below.
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Formally I show that:

^  = (3.29)

y (p  • y"(p) + [^5 -  (3.30)

dA dA  A

6/Â (/A ' Â

where A = y"(pN) + [n^ + n j - n ^ -  n^]

and where Â = y"(pN) + [n^ + 7T^-n^-

The above result shows us that under fairly strong conditions on the R&D cost function we 

can show that firms in non-cooperative equilibria will restrict their R&D activity in order to

reduce competition between them. This result is the analogue to result 2.5 derived in the

previous chapter. In the following I assume that the R&D cost function is sufficiently steep, 

as to rule out cases in which the non-cooperative firms choose minimal differentiation. This 

will bias my welfare comparisons very slightly in favour of licensing equilibria

In those cases in which firms in a non-cooperative equilibrium do choose to maximally dif

ferentiate their research vectors they face the choice between the research strategies of non

specialisation and partial specialisation. Regarding this choice I can demonstrate that;

Result 3.7

The firms in a non-cooperative equilibrium may be unable to adopt partial specialisation be

cause the payment o f  a license fee is not incentive compatible.

The intuition here is that under partial specialisation the role of the ‘specialist’ firm is prof

itable only if the generalist acquires a license to the technology of the specialist. If the special

ist cannot appropriate the entire gains from their technology because of involuntary spillovers, 

then the profitability of this role is diminished and neither firm will adopt it.

I showed above that firms in a noncooperative equilibrium will only be able to achieve equi

libria with asymmetrical research vectors if there exists a license fee F  that the ‘generalist’ 

firm is willing to pay and that the ‘specialist’ firm is willing to accept.

Remember that we showed in the previous chapter that the decreasing returns to scale in the R&D cost 
function have to be very low for the firms to choose minimal differentiation.
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The license fee that the ‘specialist’ firm is willing to accept is F. The ‘generalist’ firm will 

have no incentive ex post to pay this license fee if this lowers its profits below the level of 

profits 7r‘̂ (cr) which it can achieve given a level of involuntary spillovers cr. In the event of 

simultaneous discovery a non-cooperative equilibrium with asymmetrical R&D vectors is not 

incentive compatible when:

(3.31)

In Appendix 3.7.8 I show that this condition implies that the non-cooperative firms will some

times be unable to choose the research strategy of partial specialisation because the generalist 

would have no incentive to pay the specialist a license fee.

The boundary between the sections of the parameter space in which the non-cooperative firms 

are able to choose asymmetrical research vectors and in which they are not is given by the 

following expression, which is derived in Appendix 3.7.8:

g[2(4cr -  I) + (1 - / / )  [8 tr^ -  5]] > 2 [1 -  4cr] (3.32)

This inequality defines a surface in the three dimensional parameter space with the dimensions 

g, O'.

In the representation of the parameter space below I demonstrate for which parameter com

binations the non-cooperative firms must choose an equilibrium in which neither specialises, 

although it would be socially optimal and sometimes also more profitable to do otherwise. 

The figure shows the parameter space from two different angles. The face of the parameter 

space given by the axes p, g  is the two dimensional space of figures 3.3 and 3.4. The surface 

defined by (3.32) separates the regions marked as 51, Cl from those marked 52, C2 in the 

figure above. The regions A, 5, C in the figure correspond to A, 5, C in figure 3.4. Notice 

that regions 51, Cl are characterised by lower values of cr, than regions 52, C2.

152



3.4 CHAPTER THREE

Figure 3.5: The parameter space: Showing the region within which non-cooperative firms 
cannot choose partial specialisation.

Region:

A is the set of all parameter combinations for which the firms in an RJV and the non- 

cooperative firms choose the research strategy of non-specialisation and this is socially 

optimal.

B1 is the set of all parameter combinations for which the firms in an RJV and the non- 

cooperative firms choose the research strategy of partial specialisation and this is so

cially suboptimal.

B2 is the set of all parameter combinations for which the RJV chooses partial specialisation 

and the non-cooperative firms are unable to do so and are forced into the socially optimal 

strategy of non-specialisation.

Cl is the set of all parameter combinations for which the firms in an RJV and the non- 

cooperative firms choose the research strategy of partial specialisation and this is so

cially optimal.
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C2 is the set of all parameter combinations for which the RJV chooses partial specialisa

tion and the non-cooperative firms are unable to do so and are forced into the socially 

suboptimal research strategy of non-specialisation.

I now investigate what consequences this inability to partially differentiate has for the rel

ative efficiency of allocation of resources to R&D investment, in the cooperative and non- 

cooperative equilibria.

I have demonstrated above that the non-cooperative firms always under-invest by a smaller 

amount than the firms in an RJV given the same research strategy. It remains to determine 

whether or not the inability of the non-cooperative firms to choose asymmetrical research 

vectors can change this conclusion for some of the parameter space. I pursue this question in 

the following section.

3.5 Achieving the Social Optimum

In this section I establish the relative level of the welfare losses that arise in the non-cooperative 

and the RJV-equilibria. I also investigate whether an R&D subsidy is useful as a means to ad

dress these welfare losses.

Where the firms in an RJV and the non-cooperative firms choose the same research strategy 

the firms in an RJV will always invest less in R&D than the non-cooperative firms. This 

is demonstrated with the help of tables 2 and 3 above. This will be true for all parameter 

combinations of //, g, cr that lie in regions A,BI,C1 of figure 3.5.

In the previous section I also demonstrated that the non-cooperative firms will sometimes be 

unable to choose a strategy of partial specialisation. The non-cooperative firms would find 

partial specialisation more profitable than non-specialisation as soon as g > , as I

showed on page 140 above.

However for all combinations of ju, g, cr in area B2 of figure 3.5 the non-cooperative firms 

cannot choose partial specialisation. This reduces the welfare loss relative to the social opti
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mum because the absorption problem does not arise.

However as soon as it is socially optimal for the firms to adopt the research strategy of par

tial specialisation, i.e. for all combinations of jj., g, cr in area C2 the noncooperative firms 

will produce an additional welfare loss because they cannot adopt this strategy. Figure 3.5 

above clarifies that the volume of the region in parameter space in which the non-cooperative 

firms cannot choose partial specialisation although this would be socially optimal is far greater 

than that in which the firms in the RJV choose partial specialisation although this is socially 

suboptimal.

We also have to take into account that the non-cooperative firms are unable to cross-license 

technology to one-another when they both innovate and fi>  5 . As pointed out above the firms 

would invest more in the ability to absorb than they would leam firom one another in this case. 

In the table below I will therefore distinguish between cases in which the non-cooperative 

firms can cross-license and cases in which they cannot.

The question that now arises is whether the welfare loss in a non-cooperative equilibrium be

comes greater than that in the cooperative equilibrium. In table 5 below I set out the innovation 

incentives for the case in which it is socially optimal for the firms to adopt non-specialisation 

and the non-cooperative firms are unable to do this.

Notice that the inability of the non-cooperative firms to partially specialise affects only the 

competitive threats they are facing. The profit incentives facing the non-cooperative firms will 

always be greater than those facing the firms in an RJV as was set out in the discussion of 

tables 2 and 3 above. As long as the non-cooperative firms face at least as great a competitive 

threat as the firms in the RJV, they will innovate with a greater probability and the welfare loss 

associated with the RJV will outweigh that associated with the non-cooperative firms.

If the competitive threat facing the non-cooperative firms is lower than that facing the firms 

in the RJV it is possible but not necessary that the probability of innovation of the RJV pR 

is greater than that of the non-cooperative firms This depends on the R&D cost function 

though. Therefore we can only delineate for which parameters it is possible that the welfare 

loss in an RJV equilibrium might be lower than in a non-cooperative equilibrium.
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The table below sets out how the competitive threats of the noncooperative firms are affected 

by their inability to partially specialise.

Comparing Competitive Threats

The Competitive Threats The Profit Incentives

Social

Optimum
~ ^d ~

-- Zjl

RJV 2:,,(A) -  z .

Non-Coop.

Firms

n^{A) = \  (Zg^(A) -  2 ^) +

2 + 5 “  ^d) 5  (Zrf -  Zj) + 5  [tIj -  Ttj)

1 (2 ^i(A) -  2 ^) +

1  (Sa(0 ) -  Sab(Â)) +\(7^d~ ^d)

=

i  (Zj -  Z j  + 5  (nj -  7ij)

Table 3.5

Notice that the bold terms are both negative and capture the reduction in the competitive threats 

of the non-cooperative firms which arise because these cannot choose to partially specialise.

As long as the difference between these terms and the underlined terms is not negative the 

competitive threats facing the non-cooperative firms are still at least as great as that facing the 

firms in an RJV. Given the expressions set out in Appendix 3.7.1 below it is easily shown that 

even where the non-cooperative firms can no longer cross-license the competitive threat they 

face is greater than that faced by the firms in an RJV:

<J=>2 (1 + g) [À -  l] -f- 5g [a ]̂  -  g < 0 (3.33)

This shows that even when the welfare losses which arise in the non-cooperative equilibrium 

as a result of non-specialisation are maximal the strategic investment effect is strong enough 

to more than compensate these.
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Therefore I can now put forward the following result:

Result 3.8

The hnns in an RJV will always under-invest in R&D to a greater extent than the non- 

cooperative firms because o f  the strength o f  the strategic investment effect.

3.5.1 Two alternative subsidy regimes

The discussion in the previous sections has shown that there are two separate sources of wel

fare losses where absorptive capacity matters:

I The first source of welfare loss is that both the firms in the RJV and the non-cooperative 

firms face incentives to innovate that are too low. In particular both the competitive 

threats and the profit incentives are too low, so that the firms under-invest in R&D.

II The second source of welfare loss is that the firms in the RJV adopt the strategy 

of partial differentiation for a lower absorption threshold than is optimal, this is the 

absorption problem as discussed in section 3.4.4.2 on page 146 . In a non-cooperative 

equilibrium the firms adopt the strategy of partial specialisation for lower absorption 

thresholds than is socially optimal if spillovers are not too high.

Although I make no attempt to model RJV formation here it should be noted that we can 

expect firms to find RJV formation to be particularly attractive in those cases in which the 

non-cooperative firms cannot partially differentiate. Firms will be able to raise their profits by 

forming RJVs in these cases, so that even if RJV formation were more costly than licensing it 

might nonetheless become more attractive.

Oxley [1997] sets out a transactions cost approach to the comparison of licensing and RJV 

formation and suggests that RJV formation will be costlier because it involves the creation of 

a more hierarchical structure to manage the relationship between two firms. However she also 

points out that it is this more hierarchical structure which allows the firms to co-operate in 

the context of greater asymmetries between the firms. She goes on to test this hypothesis and 

finds some support for it.
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The theory developed here suggests that RJV formation will be particularly attractive to firms 

when these wish to adopt a research strategy which leads to asymmetries between them. It 

provides a further reason to expect the formation of RJVs to take place in the context of firm 

asymmetries or to lead to firm asymmetries

The implication of this discussion is that the absorption problem is likely to arise quite regu

larly because it is profit maximising for firms to adopt a mode of R&D cooperation, the RJV, 

that gives rise to it.

As put forward in Spence [1984] the solution to the problem of under-investment in R&D is 

to provide an R&D subsidy to the firms. Such a subsidy can in principle make the firms in an 

RJV or a non-cooperative equilibrium choose the correct level of R&D investment. In reality 

it will be impossible to determine the correct level of the subsidy but as Spence [1984] shows 

a subsidy that is chosen at a fixed rate can certainly reduce welfare losses substantially.

Notice however that such a subsidy will not affect the incentives of firms in an RJV to adopt 

a policy of partial specialisation. This is because an R&D subsidy will change the incentive 

to invest in R&D and thereby the probability of innovation but it will not affect the incentive 

to choose a particular research strategy which depends on the tradeoff of profits in the case in 

which both firms innovate.

An alternative kind of subsidy regime would be to pay the firms an additional prize upon 

successful innovation by both firms The introduction of an innovation prize T  in the case 

where both firms innovate simultaneously can help to address both the problem of under

investment in R&D (I) and the absorption problem (II). I compare this approach to a simple 

R&D subsidy below.

In what follows I focus on subsidy programs for RJVs. The discussion on page 155 above and 

here has already shown that the formation of an RJV will enable firms to adopt the research 

strategy of partial specialisation where non-cooperative firms would otherwise be unable to

’"’Compare also my discussion o f Salant and Shaffer [1998] in section 1.3.3 on page 36
similar regime is suggested by Pérez-Castrillo and Sandonis [1996] in the context o f an entirely different 

model of RJVs.
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do so. This is especially important because the proposed subsidy regimes do not affect the 

root of the inability to adopt partial specialisation on the part of the non-cooperative firms. 

Any policy seeking to do this would have to reduce the involuntary spillover of technology cr 

towards zero'^. The costs and benefits of such a policy are much harder to quantify that those 

of the subsidy regimes I discuss below. Therefore I ignore such a policy here.

To summarise the findings in this section I can say that;

- The RJV and the non-cooperative firms always underinvest in R&D.

- The RJV will always underinvest more than the non-cooperative firms. This is just result

3.8.

- The firms in the RJV choose the strategy of partial specialisation too early (segment B in

figure 3.5)and the non-cooperative firms may choose it too early too (segment Bl).

- The firms in a non-cooperative equilibrium will be unable to choose the strategy of partial

specialisation for a large part of parameter space in which this would be socially optimal 

(section C2).

- A subsidy set to address the undervaluation effect will not address either of the last two

problems.

- Such a subsidy joined with the policy of permitting RJV formation will address the under

valuation effect and the inability of the non-cooperative firms to partially specialise. It 

will not address the absorption problem.

Result 3.9

The policies o f  permitting RJV formation and subsidising R&D by RJVs are complements. 

Instrumenting one without the other can be counterproductive in augmenting already existing 

welfare losses. However these two policies cannot always achieve the social optimum.

’^This is the policy approach favoured by Katz and Ordover [1990], although they derive it in the context of  
a set o f very different models. In the context of a model in which the non-cooperative firms engage in cross
licensing this policy is much less damaging than where firms do not do this. I have discussed the implications o f  
zero involuntary spillovers where licensing does not happen on page 32 o f the introductory chapter.
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I discuss the policy that allows us to achieve the social optimum below.

3.5.1.1 An R&D subsidy

As in chapter 2 above I assume that the government will set a subsidy to the R&D expenditure 

of the RJV before the firms in it determine the degree of complementarity of their research 

vectors. This subsidy will be denoted r  here. I will follow our approach in the previous chapter 

as well as Hinloopen [1997],Hinloopen [2000] and Stenbacka and Tombak [1998] in ignoring 

the distortions caused by the need to fund an R&D subsidy.

It is easily shown that there exists an optimal R&D subsidy f  that induces the RJV to innovate 

with the socially optimal probability pQ. I set out the optimal level of subsidy for the cases 

in which both firms remain generalists and for the partial specialisation case below. The first 

order conditions for the RJV in the case of subsidisation follow directly firom those set out 

above in equations (3.11) and (3.18):

Pr 1 “  Pr) = ( 1 -  t)  YiPn) Non-specialisation

Pr + ( 1 -  Pr) ^ 1 y W  Part. Specialisation

From these we can derive the optimal subsidies as:

The optimal subsidy is defined as that subsidy which induces the RJV to innovate with the 

probability that is socially optimal.

Notice that there are now two optimal subsidy rates, one for each of the cases in which one of 

the two research strategies is socially optimal. This complicates the problem of a subsidising 

agent because they not only need to form a judgement about the level of overall underinvest

ment in R&D, but also need to determine when a given subsidy rate is appropriate.
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However as discussed above the R&D subsidy has a serious drawback in the context of this 

model as it does not affect the incentives according to which the firms in the RJV choose their 

research strategies. In figure 3.4 on page 148 I showed that the firms in an RJV may choose a 

research strategy of partial specialisation when this is not socially optimal.

Whenever the RJV chooses the social suboptimal research strategy neither of the two subsidies 

set out above will reduce the welfare loss to zero in the RJV equilibrium. Without undertaking 

simulations it is difficult to tell whether the residual welfare losses arising from the absorption 

problem are important.

It is clear without the need for simulations that the optimal subsidy policy in the presence 

of important effects of absorptive capacity and the choice of the degree of differentiation of 

research paths is more complex than the optimal policy where absorptive capacity does not 

matter, as in the previous chapter for instance. Although I have modelled absorptive capacity 

in a discontinuous manner in this chapter it is not difficult to see that this result will carry over 

to a continuous model of absorptive capacity. The reason being that the social planner must 

seek to achieve two ends:

- the socially optimal level of investment in R&D

- the socially optimal degree of differentiation of research paths

with just one instrument. In the previous chapter this was usually possible because the firms 

in the RJV and in the non-cooperative equilibrium almost always chose the socially optimal 

degree of differentiation of research strategies. I have shown here that this is not the case 

where significant costs of absorptive capacity are added to the model.

In the following section I discuss a subsidy scheme that will achieve the social optimum in all 

cases. I shall show that this type of scheme poses even greater problems of implementation 

than the subsidy I have discussed here.

An optimal subsidy to the non-cooperative firms will also achieve the social optimum for all 

cases except those in which the non-cooperative firms choose a socially suboptimal research
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strategy. As figure 3.5 on page 153 shows the non-cooperative firms choose a suboptimal 

research strategy for segments and Cj of the parameter space.

The non-cooperative firms should be preferred to the RJV where that chooses the socially 

suboptimal research strategy (segment Rj of figure 3.5). However as soon as the research 

strategy of partial specialisation is socially optimal the non-cooperative equilibrium involves 

the choice of a socially suboptimal research strategy for a wide range of parameters.

An R&D subsidy of the kind described in this section will not alleviate the incentive problem 

which the non-cooperative firms face when choosing their research strategy in the context 

of spillover levels that are not insignificant (Compare result 3.7 on page 151). There could 

therefore always be a welfare loss firom the suboptimal choice of research strategy in a non- 

cooperative equilibrium even where an optimal subsidy is provided.

I do not set out what this optimal subsidy would look like for this reason. Notice that in 

the absence of simulations which show us how large the welfare losses fi*om the suboptimal 

choice of research strategy will be, it is possible that these are insignificant and that therefore 

an optimal R&D subsidy to non-cooperative firms could come close to a social optimum for 

all of the parameter space. In section 5.2.2.2 on page 231 of the concluding chapter below I 

set out an approximation which suggests that the welfare losses fi-om the suboptimal choice of 

research strategy can in fact be comparable to those that I found by simulation in the previous 

chapter. I discuss there why these are not insignificant in my view.

3.5.1.2 A two part subsidy

Here I discuss the policy of providing an innovation prize T along with the R&D subsidy. This 

combined policy addresses both the absorption problem, which the R&D subsidy alone does 

not do and the underinvestment in R&D which the R&D subsidy is directed towards.

As the discussion here will show it is a more complex policy than just an R&D subsidy, which 

will reduce its usefulness. In particular the subsidising agent will need to be able to distinguish 

between the adoption of non-specialisation and partial specialisation by the firms. The agent
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will also need to be able to distinguish cases in which both firms innovate fi*om those in which 

only one firm innovates successfully.

I showed on page 147 above that the firms in an RJV will be indifferent between the two 

research strategies when It is socially optimal to switch fi*om non-specialisation to

partial specialisation when Therefore a research prize which is awarded in order to

address the absorption problem should optimally be set as follows:

w h e r e (3. 34)

and should only be awarded when both firms innovate and choose the research strategy of 

non-specialisation. The prize need only fulfil this condition for parameter combinations p, g  

in area B of figure 3.4. For all other cases it could be set to zero. In particular it must be set to 

zero as soon as < Ŝ f̂ .

The optimal R&D subsidy in this case would be set as follows:

.  ^  Po -  r  -  + ( 1 -  Po) (C5, -  C g j
Po (5„(A}-S,) + ( 1 - P o) ( 5 , - 5 , )

This subsidy rate in conjunction with the innovation prize T I describe above will always attain 

the social optimum.

This is not a very practical subsidy scheme as the necessary information to implement it prop

erly is not likely to be obtainable. The main difiiculty in implementing this type of sub

sidy scheme is in establishing that the firms have indeed pursued a research strategy of non

specialisation. This is not likely to be a verifiable or even detectable action. Any subsidy 

scheme providing the firms with a fixed payment that is only conditional on both firms in

novating will not be sufficient to change the firms’ incentives to choose the socially optimal 

research strategy.

The only incentive compatible way in which to provide the firms with the socially optimal in

centives to choose a research strategy is to allow the firms to appropriate all of the consumers’ 

surplus, for instance via first degree price discrimination. The problems of such a policy are
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well known* It would be interesting to establish to what extent policies such as second de

gree price discrimination can help to reduce the absorption problem. In order to establish this 

I would need to simulate the model which I do not do here.

The conclusion of this discussion is that the absorption problem introduces a source of welfare 

loss into the discussion of R&D policy that is much more difficult to alleviate than the other 

sources of welfare loss that I describe in this thesis. The reason for this is that in contrast to 

these welfare losses any policy that even partially addresses the problem will require infor

mation that is unlikely to be available or policies that are more complex than those usually 

discussed in the context of R&D policy.

In this section I have shown that an R&D subsidy is enough to address the under-investment 

in R&D by the RJV but fails to address the absorption problem. I have also shown that 

in principle a combination of a research prize and an R&D subsidy can achieve the social 

optimum in all cases. I have also clarified why this policy is unlikely to be useful.

3.6 Conclusion

In this chapter I have extended the model of research co-ordination introduced in the second 

chapter to investigate what effect non-negligible costs of absorptive capacity have on firms’ 

co-ordination of their R&D efforts.

I find that firms inside and outside of RJVs will seek to co-ordinate their R&D efforts such 

that they exhibit maximum complementarity without compromising firms’ ability to absorb 

innovations from others. Surprisingly I find that firms may choose asymmetrical absorption 

capacities when the costs of maintaining absorptive capacity are high. I also find that firms 

in RJVs are able to choose such asymmetric approaches to research co-ordination for a wider 

range of parameters than firms that do not cooperate at the R&D design stage. This suggests 

a possible motive for firms to choose the formation of an RJV over licensing.

*^Tirole [1988] discusses perfect price discrimination and alternatives to it.
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Furthermore 1 show that a policy of permitting RJV formation by itself, will reduce welfare, 

where firms co-ordinate their R&D approaches. This is due to the fact that non-cooperative 

firms faced with the possibility of licensing generally have greater incentives to invest in R&D 

than firms in an RJV.

Finally I show that both firms in RJVs and non-cooperative firms will sometimes choose the 

wrong research strategy fi*om a social point of view. However the non-cooperative firms will 

choose the wrong research strategy for a wider range of parameters. This leads me to discuss 

two separate subsidy schemes in conjunction with RJV formation that address the welfare 

losses I have identified to differing degrees. I show that the more complete subsidy scheme 

will also be very difficult to implement.

In particular I show that investments in absorptive capacity give rise to a welfare loss that is 

much harder to address than the welfare losses I have previously discussed in this thesis. In 

this sense the optimal public policy in the presence of research design by firms that invest in 

absorptive capacity becomes very complicated.

I do not simulate this model. This could be a useful exercise in determining the relative 

importance of the welfare losses I have identified. In particular it would help to determine 

how important the welfare loss is, that the absorption problem gives rise to.

The model I employ here is a very simple one. It does not allow me to investigate what 

the effect of variations in product market competition may be for my results. This line of 

investigation seems promising as firms’ choices of research strategies are likely to be affected 

by variations in product market competition.
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Appendix to Chapter 3

3.7.1 The Stage 4 Solutions

These are the explicit solutions of the fourth stage of the game as discussed in section (3.4) 

above. I use the scheme set out on page 127 to index the various expressions below. This 

clarifies in which of the six possible information sharing configurations the expression arises. 

In those cases in which the firms have asymmetrical costs the indeces carrying a - signifies the 

firm with the high costs and the index  ̂signifies the firm with the low costs.

Non-speciaIisation Partial Specialisation

Individual firm output:

<?,== I . / ( (I  + J\)) = i  (1 + g ( l  + 2À))

^b ~  i  (1 +^(1 + 2A)) = J - ̂ ( l  + g ( l  -À) )

f '^1(1 + g ( l  -  A)) 

qc = \ - A { \  +g) q  ̂ = ^ >A(l + g)

q ^ = \ - A { \ ^ - 2 g )  qj = \ - A { \ + 2 g )

q-d = \ ' A { \ - g )  q~d = \  ' A{\  -  g)

== 1^4 qe = \ ' ^

Individual firm profits:

7la = \ - A ^{ \  + g ( l  + A) ) 2  71^=\ ^A^[ \  + g ( l + 2 A ) f

^b = + g ( l  +2A)Ÿ  i  ' ^^ ( l  + g ( l  -  a))^

== I ' ^ * ' ( 1  +

7 i ^ = \ ’A ^ { \ + g f  n^ = ^ ‘A^{ \+ gŸ

&  = i  ' ^ ^ ( 1  + 2 g f  = \  ' ^ ^ ( 1  + 2 g f

^d = - g Ÿ  ^g'A^(\ - g f

7Te = ^ ’A^  TTy =  f  -yjZ
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Non-specialisation Partial Specialisation

Aggregate output:

a  = | . 4 ( l + g ( l + A ) )  Q, ,  = \ - A { 2  + g{2 + À))

Q,  = \ A ( . 2 + g { 2  + A))

Q, = l - A { \ + g )  Qc = r ^ ( i + g )

Q  ̂ = \ - A ( 2  + g) Q,  = \ - A { 2  + g)

a  = 1 -4  e .  = f - ^

Aggregate profits:

+ g ( l  + '̂ ab  -  5^^([l + g +  2gÀ] + [jgÂ] )

i:, = |^ " (l+ g )^  l . ,  =  \ A ^ ( \ + g f

=  I  - 4 ^  ( l  +  g  +  |g ^ )  S j  =  I  • ( l  +  g  +  |g ^ )

^, = 1 Z, = #-4^

Social Surplus:

-  9^^ (1 + ^(1 + A))^ = ^^  ^2[l + g + ^gÀ] + [fgA] j

^ 6  = 4

S, = l A H i + g f  S, = i A ^ ( l + g f

5, = iA^

Here the indeces a-e refer to the cases set out on page 127 above. For equilibria in which the 

firms choose partial specialisation there is no difference between cases a and b so that I refer 

to the case in which the firms share as much technology as possible as ab.
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3.7.2 Proof of Result 3.1

By assumption the firms will only ever face the choice of sharing technologies when both have 

innovated. The firms then face the choice between the cases indexed a,b or c as set out on 

page 127.

In this proof I show that 2^ > 2^ > 2^, to show that the firms will always prefer sharing 

technologies completely. Notice that the ranking of joint profits is the relevant criterion for 

decisions about the firms’ information sharing decisions in both the RJV and the licensing 

equilibria.

3.7.2.1 2  ̂ > 2  ̂ > 2̂

Using the expressions set out in section 3.7.1 it is easy to show that:

< ^ | - ^ " ( l + g ( l +  2 A ) f  + I - A ^ l + g  ( I -  A ) f  > I - A ^ ( \ + g f

<=>5gA + 2(1 +g) > 0 

and that:

^  > ^b+

o i  • (1 + g ( l  + A))2 :» i  . /|2(1 +jz(l  + 2A))^ + i  • (1 + g ( l  -  A ) f

It is not hard to see that the condition for 2^ > 2^ will hold for all values of A. In particular 

where A = 1 -> 2 > g holds. Since we have assumed that g < 1 above, this will always be 

true.

This shows that whenever we are in a case of symmetric absorption capabilities in which 

both firms innovate, they will choose to share information fully in both RJV and licensing 

equilibria.
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Where the firms are in a case of asymmetric absorption capabilities in which both firms in

novate we have to compare 2^  ̂ with As the expressions in section 3.7.1 show this is 

equivalent to showing that Z  ̂ > Ẑ  which I have done above. For the purposes of the proof 

here the distinction between A and À is not important.

Therefore I have established that whenever both firms innovate simultaneously they will share 

as much technology as possible.

3.7.3 Proof of Result 3.2

If it is socially optimal to adopt the research strategy of non-specialisation it can be shown 

that it is also optimal to differentiate the research vectors as far as possible. To do this I 

differentiate equation (3.7) w.r.t. A:

S  + 2 g [p "  • K  -  S,) + ( ! - / ) -  (s, - S,) -  r/(p")] = > 0

From the expressions set out in Appendix 3.7.1 above it will be apparent that ^  > 0. Thus in 

a symmetrical RJV equilibrium it will always be true that:

A = { \ - 2 p )

If it is socially optimal to choose the research strategy ofpartial specialisation then I can also 

show that it is socially optimal to differentiate the research vectors as far as possible:

I K  ^ + K ) -  r'(p^)] = (p^f^  > 0

From the expressions set out in Appendix 3.7.1 above it will also be apparent that &  > 

O.Thus in an asymmetrical RJV equilibrium it will always be true that:

A = (1 - p )  
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3.7.4 Proof of Result 3.3

It will be socially optimal for the firms to pursue a research strategy of partial specialisation 

whenever > S^. This becomes evident in the comparison of the innovation incentives in 

the social optimum which are set out in Tables 2 and 3. It is apparent that the profit incentive 

in each case is the same but that the competitive threats differ. When the competitive threat is 

greater under a particular research strategy, so are the probability of innovation and the profits 

attached to that strategy. This is clear from the comparison of equations (3.7) and (3.14) on 

page 143 above. The boundary along which the competitive threat is the same under both 

strategies is described by the following conditionnai

^ab -

( 2  [l + g  + jgÂ] + [|gA] j (1 + g ( l  + A))^

<=>8 ( 1  + g) (A -  2 A) +g{l  1A  ̂-  SA^) = 0  

o g [ s  ( a  -  2 A) + ( 1  lA^ -  8 A^)] = 8  (2 A -  A) 

using Result 3.2 which is derived just above 1 replace A, A :

=>g|^8 (3/i — l) + ( l l ( l  — 2p+ //^] — 8  ( 1  — 4/i + 4/i^]]j = 8 ( 1 — 3/i)

<=>g[̂ 34/i -  5 -  21/i^j = 8 ( 1 -  3/i)

1 illustrate this in Figure 3.3 above.

3.7.5 Proof of Result 3.4

If the firms in an RJV are pursuing a strategy of non-specialisation they will find it optimal 

to maximally differentiate their research vectors. This can be demonstrated by differentiating

'^Notice that  ̂ along the boundary since // is a common exogenous factor and therefore the probabilities 
of iimovation are equal; = p^.
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their expected profits w.r.t. A:

dU” , ^dc f \  „ r„ _ 1 . r_ _ 1 1

dA = + 2 ^ [ p "  • k  -  + ( ' - / ) [ 2 .  -  -  y/(P")] = ( P " ) '^  > 0

From the expressions set out in Appendix 3.7.1 above it will be apparent that 0^ > 0. Thus in 

a symmetrical RJV equilibrium it will always be true that:

A = { \ - 2 i2 )

In the case in which the firms in the RJV choose a strategy of partial specialisation I can show 

that they will also maximise profits by maximally differentiating their research vectors:

0

From the expressions set out in Appendix 3.7.1 above it will also be apparent that ^  > 

O.Thus in an asymmetrical RJV equilibrium it will always be true that:

A = ( l - / / )

3.7.6 Proof of Result 3.5

Here I assume that maximal differentiation holds:
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<=>  ̂ + g ( l + 2 Â)) + i  (l + g ( l  -  À)) > I ( 1  + g ( l  + A))^

<=> 7g{l  + 2Àj + ^  ' (l + 2Àj + 2g" 1̂ — + ^  ' [\ — Àj > 4^(1 + A) + 2 ^  ■ (1 + A)̂

2 À — 4A > g 2  * ( 1  + A)^ — + 2 Â  — ^1 — Â

<=> 6 ^ -  2 > g

<=> 6jj.-  2 > g

4(1 -2az ) - 2( 1  -i2) + 2 { \ - 2 f i Y - 5 { \  - f i f

3}/ - 4 f i -  \

<=> g >
6 /i -  2

3fr  -  4/i -  1
(3.36)

3.7.7 Derivation of Result 3.6

When the non-cooperative firms both follow a strategy of non-specialisation it is possible 

to show that it is not always profit maximising for the firms to differentiate R&D vectors 

maximally:

1 a  ^  -  2 (l -  Pn) -  T'(PÎv)}

dA k  "  + (* - P n) k  -  Ĵ el)

Where the derivative ^  is derived from equation (3.12) by the implicit function theorem:

%  ^  PN‘i^a 
dA  A  dA

which can be re-expressed as:

(3.37)

(3.38)

The sign of this expression depends on the relative weight of the two terms in the brackets. As
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long as the first is small the expression will be negative and the firms in the non-cooperative 

equilibrium will choose not to differentiate at all. The first term in the brackets is small as 

long as diminishing returns to R&D are not too strong.

This far the result is the same as Result 2.5 on page 105 of the previous chapter.

In analogous fashion it is easy to show that where the firms follow a research strategy of partial 

specialisation:

^  ^  + k  -  ^e]} (3-39)

However this derivation can only hold where the firms are able to agree on the strategy of 

partial specialisation and this will be incentive compatible. This is because I am once more 

assuming that given the expected payment of the license fee the two firms have the same 

expected profits and the same probabilities of innovation.

3.7.8 Proof of Result 3.7

In order to understand when it is no longer incentive compatible for the ‘generalist’ to pay 

the specialist a license fee in a non-cooperative equilibrium with asymmetrical R&D vectors 

we must set out the profits of both in the event of non-sharing of information in such an 

equilibrium.

The R&D vectors that both firms will have in such a case are functions of the involuntary 

information spillover cr, where sigma represents a proportion of technological knowledge in 

the specialist’s technology dimension spilling over to the generalist. I define sigma to represent 

a spillover of new knowledge to the generalist, i.e. when cr is zero this could be because the 

generalist really learns nothing, or because the spillover that does take place is of knowledge 

which the generalist already possesses.

• The specialist is by definition restricted to the progress vector V2 :

V2 = V2 = (A2-g . ( l -À2) -g)
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and therefore achieves a total cost reduction of g.

• The generalist firm will have a progress vector Vj :

Vi = (g-Ai ,g-( l  -Àj)  + ga-À)

I am only interested in cases of maximal differentiation here and therefore I know that 

Aj = 1 -  /i and A2 = 0  here, which implies that À = 1 -  /i.

This implies that the firms have the following profits in the case where both innovate, but share 

no knowledge:

= I '^^(1 + g ( l  +2cr(l 

%(o-) = ^ ' A ^ ( l + g ( l - c r ( l -  fï))Ÿ (3.40)

Given these expressions I can now calculate when it will be ex post more profitable for the 

generalist not to pay the license fee, but just to rely on th involuntary spillover of additional 

technology from the specialist as set out in equation (3.31) above:

> n j . \ )  -  —

<=>2| [̂1+g] + 2go-(l-^i)j > [[1+g] + 2 g ( l - / i ) j  + [[1+ g ] - g ( l - // ) ]  

<ts>g[2(4cr -  1) + (1 - p )  [go-2 -  5]] > 2 [1 -  4cr]

This inequality is complex. The right hand side will be positive as long as cr < f . For this

range the factor of g on the left hand side will always be negative. This implies that when 

cr < f the condition requires that g be negative, which is ruled out by definition. Therefore 

the condition never holds where cr < ^\

When cr > f the right hand side of the expression will be negative. If the left hand side factor 

of g is positive then we can say that the condition always holds, because it requires g  to be
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greater than a negative number. The right hand side expression will certainly be positive when

VÎ-
For i  < cr < ^  the condition will be fulfilled if f/ is large enough for the factor of g  to 

be positive. If the factor is negative, then the condition states that g  must be smaller than a 

positive number.

I can summarise all of this as follows: 

the condition will be satisfied if:

g

> 0 > 2ri-4o-1

2(4(7--l)+ (l-/i)[8cr2_5]
, for CT > ^  this always holds;

> 0 > ------- 2[i__4oj------- for 2(4cr -  1) + (1 -  fi) [Scr  ̂-  5] > 0 this always holds;
2 (4 t7 --l)+ (l-/i)[8cr2 -5 ]

< 1 --------------  r for2(4or - l )  + ( l - /x) [8a-2-5]  < 0
2 (4 o -- l)+ ( l- /i) [8 o -2 -5 ]

< 0  for (T < ,̂ which cannot hold by definition.

This set of conditions defines a boundary in the parameter space given by fi, g, cr that sep

arates the region of parameter combinations for which the non-cooperative firms can choose 

the strategy of partial specialisation and that for which they cannot. I illustrate this in figure 

3.5 above.
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Chapter 4 

How does product market competition 

affect the relative allocative efficiency of 

RJVs and licensing firms?

This chapter provides an explicit welfare comparison between RJVs and licensing in the context of 

product market competition by non-innovating firms. It is assumed that spillovers between firms both 

in and outside RJVs are endogenous. It is established that firms almost always share information with 

one another. The efficiency with which RJVs and licensing firms allocate inputs to R&D relative to 

a social optimum is studied. The relative superiority of RJV formation and licensing in allocating 

resources to R&D is shown to depend on aspects of product market competition.
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4.1 Introduction

In this chapter I turn to the analysis of duplicative R&D. In the previous two chapters I focused 

on the co-ordination of research paths whereas here I analyse co-ordination on the number 

of research facilities that firms operate. The first type of co-ordination problem is about the 

direction of firms’ joint research whereas here I focus on how firms organise this research. The 

separate analysis of the issues is artificial, as both are no doubt considered in conjunction when 

joint research is undertaken. However these two aspects of co-ordination present different 

problems, which are most clearly analysed in abstraction fi*om one another.

Here I assume that firms are duplicating one anothers’ R&D exactly so that co-ordination on 

research paths is ruled out. As I mentioned in the previous chapter, this situation may arise if 

the costs of acquiring absorptive capacity are very large, % 1. Alternatively it may simply 

be the case that there is only one basic technology which all firms pursue. I do not assume that 

learning firom other firms requires investment in absorptive capacity in this chapter! Therefore 

firms can share or license technologies should only one of them innovate.

As in the previous chapters I assume that firms in an RJV jointly make decisions about the 

R&D process, whereas non-cooperative firms do not. In the context of research organisation 

this means that firms in the RJV face the choice of centralising R&D in one lab or maintaining 

decentralised RSiD facilities. This choice depends on the degree of decreasing returns to scale 

in R&D. Just as in chapter 2, the level of decreasing returns to scale in R&D, p, assumes an 

important role in the analysis below.

This chapter draws heavily on Katsoulacos and Ulph [1999]. They base their analysis on a 

simple model of a Cournot duopoly with linear demand. Below I extend their approach to 

an oligopoly in which two firms are research active. I also introduce considerable variation 

into the degree of competitiveness of the product market. This leads to a number of original 

results.

Katsoulacos and Ulph [1999] showed that in a duopoly the firms might find it profitable not to 

share technologies with one another in order to affect the competitiveness of the product mar-
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ket. This result is striking because it shows that firms in an RJV might find anti-competitive 

behaviour profit maximising. Below I clarify that their result depends crucially on the duopoly 

structure of the model in Katsoulacos and Ulph [1999]. The result I derive here suggests that 

further results in the literature on RJV formation may be special as discussed on page 1.3.3 on 

page 36 below.

Katsoulacos and Ulph also found that RJVs could be more efiicient than non-cooperative 

firms in allocating resources to R&D, but did not have to be. Drawing on this finding the 

main question this chapter is addressed towards is whether variation in the degree of product 

market competition produces clearer predictions about the relative efiiciency of RJVs and 

non-cooperative firms in allocating resources to R&D.

In the literature on competitiveness no single measure of this concept is widely accepted. In

deed as the work of Boone [2000] suggests such a measure may be quite hard to develop. 

Therefore I have introduced several dimensions of variation of product market competition 

into the models I analyse below^. I extend the analysis of the Cournot duopoly studied in Kat

soulacos and Ulph [1999] to a Cournot duopoly with varying degrees of product market sub

stitution; furthermore I consider Bertrand competition with varying degrees of product market 

substitution and a model of monopolistic competition. Finally I introduce outside competitors 

to the RJV into the product market. All this makes the models I analyse quite complex. An 

important part of the work presented in this chapter is the effort to determine which changes 

in product market competition affect the welfare comparisons I make and which do not. Given 

the complexity and relative generality of the models I use it is necessary to make use of simu

lation techniques to a greater extent here, than it was in chapter 2  above.

A comparatively straightforward implication of the introduction of variation in product market 

competition is the finding that firms in an RJV will choose to share technologies in most cases 

in which product market competition is significant. The result arises because further competi

tors in the product market make it more difficult for the research active firms to manipulate

’ These are: a variation in the number of firms (n) competing in the product market, a switch from Cournot 
to Bertrand competition and a variation in the degree of product market substitution of firms’ output (s). These 
three approaches all feature in Boone [2000] too. Compare for instance his table 1.
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prices through cost asymmetries and make being competitive more attractive, because it al

lows the research active firms to steal business from the non-research active firms. This shows 

that Katsoulacos and Ulph [1999]’s finding that firms may choose not to share technologies in 

order to reduce the competitiveness of product markets is rather special.

The structure of this chapter is as follows: in the next section I discuss the welfare losses 

that arise in the context of co-ordination on R&D organisation; in section 4.3 I introduce the 

models I use in this chapter and derive two central analytical results fi*om these. In section 4.4 

I analyse how variation in product market competition affects the second of these results. The 

next section (4.5) provides an illustration of the central analytical predictions of the model 

using simulation. Section 4.6 provides a conclusion to the chapter.

4.2 Resource Allocation Issues

The main contribution of this chapter lies in relating the welfare analysis of RJVs and licensing 

firms doing duplicative R&D to the degrees of product market competition and decreasing 

returns to scale in R&D.

In order to determine which dimensions of product market competition affect the allocative 

efiiciency of RJVs and non-cooperative firms I introduce various mechanisms through which 

the competitiveness of the product market can vary. I introduce firms competing with the RJV 

in the product market. For simplicity I assume that these firms do not undertake research. 

I also investigate three different types of product market equilibria: Cournot -, Bertrand - 

and monopolistic competition. In each of these equilibria I allow for variations in the degree 

of product market substitutability. By introducing this degree of variation into the product 

market I am able to determine which dimensions of competition matter for my welfare results 

and which do not.

The assumption that the firms not party to the RJV undertake no R&D is a strong simplifying 

assumption. It allows me to abstract from the complex issues of formation and optimal size
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of RJVs which are beyond the scope of this chapter^. However it should be noted that it is 

not uncommon for research active and non-research active firms to co-exist in one industry, as 

Cohen and Klepper [1992] and Klette and Johansen [1998] have documented. Thus studying 

RJVs in a model replicating such an industry structure does not seem entirely far fetched.

Given this specification of the product market I study the resource allocation questions for 

the social optimum as well as the cooperative- and non-cooperative equilibria. In the social 

optimum I assume that the sum of consumers’ and producers’ surplus is maximised, where 

both are given equal weight.

In the social optimum an innovation would be spread amongst all the firms in an industry. I de

part fi*om this notion of optimality and assume that even in the social optimum the innovation 

can only be exploited by the research active firms. This restricted notion of a social optimum 

is appropriate here because I am focusing on the relative allocative efficiency of RJVs and 

licensing. The welfare loss that arises because innovations are not shared with all competitors 

is common to both these R&D modes and therefore I can ignore it in drawing our comparison.

Using this notion of the social optimum I derive the efiiciency maximising levels of invest

ment, information sharing and degree of R&D centralisation.

Against this standard I then evaluate the relative performance of the non-cooperating firms and 

the RJV in deciding about the level of investment, technology sharing and R&D centralisation.

The main difference between the RJV and the non-cooperative firms is the mechanism through 

which technology is shared. Our^ assumption that the non-cooperating firms may share tech

nology through licensing presupposes a functioning patent system.

In the introduction to chapter 2 (page 83) we set out the market failures affecting firms that 

co-operate on R&D by forming an RJV or licensing. We clarify that just as in the analysis 

of co-ordination on research paths firms’ decisions about the level of R&D investment in the 

context of co-ordination on research organisation are affected by the undervaluation effect^ the 

stand alone effect and the strategic investment effect.

literature that studies these questions exists. Key exponents are Yi and Shin [2000]
^This assumption is common to all my chapters here as well as Katsoulacos and Ulph [1999].
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In this chapter I will show that where firms duplicate R&D the strategic investment effect 

can be strong enough to offset both the stand alone effect and the undervaluation effect. This 

contrasts with the finding in the previous chapters, where the strategic investment effect always 

offset only the stand alone effect. The consequence is that here the non-cooperative firms may 

be found to over-invest in R&D or even invest at the socially optimal level. The RJV will 

always underinvest in R&D, just as in the previous chapters. Notice that over-investment in 

R&D implies welfare losses, just as much as under-investment does.

Given that non-cooperative firms may over- or underinvest in R&D a general conclusion about 

welfare domination of one mode of R&D co-operation over another is not available. There

fore I seek to characterise circumstances in which such clear conclusions may be drawn by 

exploiting variation in the degrees of product market competition and decreasing returns to 

scale in R&D. In other words I seek to identify how the relative strength of the R&D invest

ment incentives discussed in the previous paragraph is affected by product market competition 

and R&D costs.

A crucial difference between an RJV and non-cooperating firms in this chapter lies in the 

inability of the latter to centralise R&D where this is more profitable and efficient.

Below I attempt to provide general arguments for my conclusions regarding the relative ef

ficiency of RJVs and non-cooperating firms. In order to relate the analytical results I derive 

to parameters that are often used to characterise markets, I introduce two widely used models 

of product market competition to illustrate these results. These are a linear, conjectural varia

tions model that nests both Cournot and Bertrand competition and the Dixit Stiglitz model of 

monopolistic competition.

4.3 A Model of Cooperative R&D

I assume that an inverse demand function exists such that the price which firm i may achieve 

in the market is given as a function of the endogenously determined outputs of the firms and
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several exogenous parameters:

Pi=P(.<lm-9an’9„.S.a) (4.1)

Here the q's represent the outputs of the firms, where means research active and successful at 

innovating, means research active but unsuccessful at innovating, and ^ means not research 

active.

I assume that there are m  non-research active firms and two research active firms. Furthermore 

I denote the degree of substitution between firms’ outputs by s  and the parameter a  is a general 

measure of market size.

This expression is general enough to encompass both of the following widely used models:

m+2

p  = a - q i - s ^ q j  -  1 < 5 < 1 (4.2)
y=i
j*i

1 -(i-j) „Pi = ------------ j-------- qi 0 < 5 < 1

The upper expression is the inverse demand function for the linear conjectural variations 

model, which I use to analyse both Cournot and Bertrand markets. The lower expression 

is the inverse demand function of a widely used monopolistic competition model. Both of 

these models will be used below to illustrate specific results.

The research active firms are assumed to have constant marginal costs c at the outset and their 

costs remain at this level should they fail to innovate. A firm that does innovate successfully 

lowers its marginal cost to c. The non-research active firms have costs

The innovation process is modelled as a three stage game, in which the research active firms 

are either involved as an RJV or as two firms, that innovate non-cooperatively but may license

Where the model is simulated below I always restrict c such that all firms are making positive profits post 
innovation.
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information to each other:

• Stage 1 Both research active firms are taken to be attempting to reduce the marginal 

costs of production by an amount g. I assume that successful innovation is uncertain, but 

that the firms can determine the probability with which they achieve this cost reduction 

through the level of their R&D investment. Thus their objective functions at the first 

stage are:

max n^(p, g) -  2y(p, P) RJV (4.3)

max n^(p, g) -  yip, p) Non-cooperative firms (4.4)
p

Here p  is the probability of innovating. The expected revenue II  is a function of this 

probability of innovation, as well as the size of the innovation g and other exogenous 

parameters specific to the product market model studied.

The cost of achieving a probability of successful innovation p  is given by the R&D cost 

function 7 .̂ The degree of decreasing returns to scale in R&D which the firms face is 

given by p. I denote variables pertaining to the non-cooperative firms by N  and to firms 

in an RJV by R .  Once the firms have determined the probabilities of innovation p^ 

the innovations are realized.

• Stage 2 At the start of the second stage both research active firms know whether both 

they and their competitor have innovated. I assume that both firms undertake the same 

research, thereby duplicating each other’s work. Whenever one of the firms innovates 

and the other does not there is scope for information sharing. At the second stage of 

the model I investigate under which conditions the firms share information with one 

another. Inside the RJV this is modelled as a simple transfer of information. In the non- 

cooperative equilibrium the innovating firm will license the information to the other firm 

for a license fee F . The knowledge associated with an innovation allows the firms to 

lower their costs by an amount g.

^This function is described in more detail in section 4.3.3 below
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• Stage 3 In the final stage I model the firms as competing in the output market where 

demand is characterised by the inverse demand functions introduced above (viz. (4.2) ). 

Thus the firms individually choose output to maximise profits:

maxn, = {p ,-c ,)q i (4.5)

Notice that I assume that the firms in the RJV compete with one another in the product 

market.

This game is solved by backwards induction.

4.3.1 Solving the model

At the third stage of the game the outcome of the innovation process and the information 

sharing decision is known to all firms. The firms determine the optimal level of their output 

under a given conjecture about the reaction of their rivals to their decision.! can express the 

objective function of the firms in the third stage of the game as follows:

maxn. = q_-, s, a) -  c j  • q. (4.6)

I solve the third stage of both of our example models in the appendix. The expressions for 

output and profits in the third stage of the game for these models are presented below. I have 

introduced several parameters into these models that simplify the expressions. This is clearly 

set out in the appendix.

4.3.1.1 The third stage solutions of the linear conjectural variations model

Here I present the expressions for outputs and profits of the firms in the case where both

firms innovate or one innovates and shares the innovation, where only one firm innovates 

and no-information sharing occurs and where neither firm innovates. The derivation of these
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expressions is set out in Appendix 4.7.1.

Notice that just as in chapter 2 I index variables referring to cases in which: -both firms

innovate as jp -a firm is sole innovator as jq; -a firm is alone in not innovating as -neither

firm innovates as qq.

Information sharing

^ 1 1  = (7 ) ^ 1  +^(1 +rne)-m9z],  = vqu

^1 1 = (7 ) ^  + z ( l  +2e)-2g0],  =V4u

No information sharing due to failure to innovate

9oo = {j)U~2em], n^ = vqla

%o = (5) [1 + z ( l + 20)], *00 =

No information sharing after innovation

fM̂ z]. n^, = vql^

010 =  (3 )[1  + g ( l  + 0 m ) + g 0 - m 0 z ] ,  7t,o =

001 = ( j j n + z [ l + 2 0 ] - 0 g ] ,  *01 =' 0̂01

4.3.1.2 The third stage solutions of the monopolistic competition model

Here I present the expressions for outputs and profits for the case of the Dixit-Stiglitz model^. 

The derivation of these expressions is set out in Appendix 4.7.2 . Note that in the expressions 

below the definitions of A, g, z differ form those o f A, g, z above.

make use of a large n assumption here. This implies that firm i’s actions have negligible effects on A
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Information sharing

Ag(A) _ ,  Az(*)  ̂ ( ^ - A ~
~ 2gfc) + mzW  " I  ,  f  " “ 2g(A) + mzfe) ' I  '  f "

No information due to failure to innovate

A _ /I  -
^“ “ 2 + ;«z(A) ^ » » -2  + mz(A) — 1«»«

No information sharing after innovation

Ag(A) A _
-  gfe) + 1 + ;»z(A) s 0̂' -  g(*) + 1 + „z(A) " I  ̂ J “̂‘

_ Az(A) ^
9°' -  g(fk) + 1 + *,z(fk) .  f "

4.3.2 The information sharing decision

Information sharing only becomes an issue, when one of the partners in the RJV fails to 

innovate whilst the other successfully innovates.In this case the firms must determine whether 

and how much information to exchange.

The joint profits of the research active firms are convex in costs and therefore there can be 

no interior solution for the level of information sharing; the two firms will either share in

formation fully or not at all. Notice that this reasoning applies both in the non-cooperative 

equilibrium and to an RJV. The license fee payed in the non-cooperative equilibrium does not 

alter joint profits of the research active firms, but affects only their distribution between the 

two firms.

I can demonstrate the following result for both of our examples:

Result 4.1

The incentive for information sharing by the research active firms increases with the number 

o f  outside competitors.
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The intuition for this result is that the RJV will always be able to increase its market share 

at the expense of outside competitors if the member firms fully share information. Stealing 

business from outside firms in this manner becomes increasingly profitable as tlie number of 

outside competitors rises. Simultaneously the effect of cost asymmetries between the firms in 

the RJV on the market price dwindles as the number of competitors rises. This reduces the 

benefits to the RJV from manipulating the market price through the amount of information 

sharing between its members.

In general I must show that an increase in the number of non research active competitors to 

the RJV, m, will raise the profitability of sharing information above that of withholding it. I 

denote joint profits as E. I define the difference of the profits under sharing and withholding 

of information as :

o (m) = E(ç, c, c) -  E(ç, ç, c) (4.7)

I must show that if the number of outside competitors becomes large enough the research 

active firms will always share information.

For the case of the linear demand function introduced above I show in appendix 4.7.1.1 that 

the above expression reduces to:

o(m) = ^    (4.8)
a - c  2é  ̂+ ( l + m ^ ( 0 [ 2 - m ( l - / i ) ] - l )   ̂ ^

2-^(1+(5)

As Katsoulacos and Ulph [1999] show this means that in a duopoly the two firms will share 

information as long as the size of the innovation is not too large: g < f .

The first term of the above expression is increasing in the difference of the marginal costs of 

the research active firms. This is because the joint profits of a duopoly with asymmetric costs 

can be greater than those of a duopoly with symmetric costs if the asymmetry is sufficiently
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large. In the case of a duopoly this effect alone determines whether or not the research active 

firms would share information. When I extend the model to oligopoly the expression shows 

that the second term becomes an increasing function of the number of outside competitors.

In oligopoly I therefore find a countervailing effect to the duopoly effect which results from 

increased outside competition. Furthermore I find that this effect dominates as soon as w > 1.

This is due to the fact that I must introduce an additional restriction when considering the 

linear demand function. In order not to complicate the analysis of this model, it is necessary 

to assume that all firms remain in business after the research active firms have reduced their 

costs. This allows me to simplify the above expression significantly. I can now show that the 

research active firms will share information as soon as:

m > V2 -  i  (4.9)

This result is derived in section 4.7.1.1 of the appendix.

For the Dixit-Stiglitz model of monopolistic competition I can show that the research active 

firms will always share information. I derive the following expression in section of 4.T.2.2 of 

the appendix:

” < " > = -  ■) W'41 '  »

0*10)

This expression will be positive for a duopoly, which suggests that the firms in this model are 

not close enough competitors for cost asymmetries to significantly affect joint profits. The 

introduction of outside competitors into the model just serves to reinforce the profitability of 

sharing technologies.

As a consequence of these results the welfare analysis below will focus on the case in which 

the research active firms share information with one another at the second stage of the game. 

The case in which information is not shared seems to be a special one. This should not be
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understood to imply that an analysis of the no-information case is unimportant, as RJVs that 

dominate industries are frequently observed e.g. SEMATECH. An analysis of the information 

sharing issue in such contexts clearly remains important.

4.3.3 Stage 1: The investment decision

In this section I will show that permitting the formation of RJVs can improve welfare under a 

set of very specific conditions. I begin by setting out the result and then discuss its derivation 

and illustrate it.

Result 4.2

Permitting the formation o f  RJVs will be more likely to improve social welfare relative to 

licensing:

•  the smaller are the decreasing returns to scale,

•  the greater is the ratio o f  the increase o f  the social surplus to the increase in RJV profits 

arising from innovation.

This ratio is defined below:

S — S
a(g) = -r^— ^  where 1 < a  < oo (4.11)

1̂1 ~ 0̂0

It is not immediately obvious whether this ratio can be given a useful interpretation. In sec

tion 4.4 below I show that a  increases as markets become more competitive along specific 

dimensions. For both models of the product market, that we use here, I establish which of the 

parameters commonly used to measure the degree of product market competition, have un

ambiguous effects on a. This allows me to determine the conditions under which I can make 

inferences about the relative allocative efiiciency of RJVs and non-cooperative firms on the 

basis of what I know about product market competition.

189



CHAPTER FOUR 4.3

In this section I continue deriving the above result and illustrating it.

I begin by deriving the welfare function, which relates the research active firms’ overall prob

abilities of innovation to the associated welfare levels. Given this function I may order the 

welfare losses which I can attribute to the RJV and the non-cooperative firms. From these 

orderings I can derive Result 4.2.

4.3.3.1 The definition of the welfare function

The argument of the welfare function is the probability of innovation. The function measures 

the level of social welfare attained by the RJV or the non-cooperative firms, given their prob- 

abihty of innovation. By definition the social planner will innovate with the probability which 

maximises social welfare.

The welfare function FT is implicitly defined through the R&D cost function yip.p) as I shall 

demonstrate here. The R&D cost function yip, P) was introduced above in equations (4.3) and 

(4.4). It relates the probability of innovation, which the research active firms choose, to the 

cost of achieving that probability of innovation.

The R&D cost function is defined to capture the following assumptions about the R&D pro

cess:

(i) Research active firms always find it optimal to do some R&D,

(ii) The costs of R&D are strictly increasing in the probability of successful innovation,

(iii) No firm can ever innovate with certainty,

(iv) Firms in different industries face differing degrees of decreasing returns to effort in 

R&D.

Therefore I impose the following conditions on the R&D cost function:

(i) r ( 0 ,)S) = ^  = 0 ; ^ > 0
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(ii) Vp, 0 < p < l  y(p,l3)>0, ^ > 0 ,  ^ ^ > 0

(iii) lim ^, y(p,/S) C > 0, lim^^, -> oo

(iv) Here j3 captures the decreasing returns to effort in R&D and I will investigate what 

happens as p  varies.

Note that henceforth the probability of innovation when operating a single lab will be denoted 

as Q  and the probability of innovation per lab when operating two labs will be p ’s.

The above conditions do not of themselves determine all the relevant properties of the R&D 

cost function. They imply nothing about the relative costs of operating one or two labs at any 

given overall probability of innovation q. Three scenarios are logically possible: either it is 

always more profitable to centralise R&D in one laboratory, always more profitable to operate 

both laboratories, or it depends on the probability of innovation which mode of operation is 

the more profitable one.

For example it is easy to show that with constant returns to scale in R&D the firms in an RJV 

can lower their costs of R&D by centralising their research in one lab^.

Although functions for which firms will switch back and forth between centralising and de

centralising R&D activities exist* I shall focus here on a class of functions for which the firms 

may switch at most once^. I will show below that the resulting analysis subsumes the cases in 

which no switch would be profitable.

By definition it will always be that case that 2y(l) > y(l), i.e. for very high probabilities 

of innovation it will always be less costly to operate a single laboratory. I now impose the 

assumption that the R&D cost functions cross only once:

(V) 3 p ^ . e x  e  [0. 1[ S.t. 2 # ^ )  = 7(p^) and 2 ^ 2 ^  >

^The probability of innovating with one lab, will always be greater than the probability o f innovating with 
two labs, each of which is half has likely to innovate as a single lab; q > (|)^ + 2 ( l - | ) | = ^ - ^  where p > 0 

^Notably functions which include a fixed cost for the operation o f each laboratory 
^Here I follow Katsoulacos and Ulph [1999]
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As described above I assume that the two research active firms are engaged in the same R&D 

activity.

In the presence of decreasing returns to scale the firms will centralise their R&D only if  these 

are sufiiciently weak. Therefore we can define two fimctions Wj, Wj which express the welfare 

levels attained through the operation of one or two labs respectively:

^ 1  -  *^11 ■ *^00 ■ “  T(^) (4-12)

^ 2  -  '^11 ' (l “  (1 “ P)^) + %o ' " P f  ~ 2y(p) (4.13)

Both functions Wj and are globally concave in q , p .

In order to allow me to represent the welfare functions in the same space 1 can also express

W 2 as a function of the overall probability q  that an innovation occurs when it is optimal to

operate two laboratories. Therefore define q  as follows:

P -  1 -  (1 ~ pŸ  

Then 1 can re-express the function Wj as a fiinction of q\

^ z (P )  =  *̂ 11 ■ P  +  *̂ 00 ' (1 “  P) "  2 y | l  -  a/ i  -  p j

Finally to ease notation define:

r@ = 2rfi - ./TTj

The welfare function is defined as follows:
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w,(^) if w, >

^2 0 ) if W2 > Wj

(4.14)

The derivation of the welfare function is represented diagrammatically below.It is important to 

note that along the x-axis of both diagrams we measure the overall probability of innovation, 

poxQ.

Figure 4.1: Deriving the welfare function

In the upper figure the welfare gain from the innovation (5,, -  is represented as well as the 

cost functions for operating one y{g) or two labs T(p). In the lower figure the welfare functions 

w, and W2  are shown. The outer envelope of these two functions is the welfare function fV as 

defined above .
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The shape of the welfare function Having derived the welfare function it is important to 

understand how the shape of the welfare function depends on the size of the innovation, g, and 

the rate of decreasing returns to R&D, p.

An increase in the size of the innovation Ceteris paribus a larger innovation g  will increase 

relative to Sqq and lead to a higher probability of innovation and increase the chances that 

centralisation of R&D becomes profitable.

For the Social Planner this can be demonstrated using the first order conditions for Wj and Wj. 

The analysis for the RJV is analogous. The maxima of the functions w, and Wj can be found 

where the following first order conditions hold:

1 *̂00 “  y  (^5p) (̂ * ̂  5)

1 “  ‘̂ 00 “  ^  W2 (4.16)

An increase in the size of the innovation g  will therefore lead to an increase in the social 

welfare maximising probability of innovation regardless of the number of labs operated.

We can also show that as g  increases the maximum value of Wj increases relative to the max

imum value of Wj. This can best be demonstrated at the probability where Wj and W2 

intersect by definition. It follows from assumption (v) above that at this point T '(^ )  > Yigx)-

Thus if  j -  Sqq = YiQx) then Wj attains it’s maximum there. By assumption (v) above it must 

be true that Wj is decreasing at this point. Therefore max W2 > max w,.

Conversely if g increases such that 6 "̂  -  Sqq = F'(p^) then W2 attains it’s maximum at the 

point of intersection and w, will be increasing at this point, i.e. will not yet have attained it’s 

maximum.

We have shown that as g  increases it becomes increasingly likely that max Wj > max 1̂ 2 . This 

implies that as g increases it is increasingly likely that social welfare is maximised by the
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centralisation of R&D in one lab.

Higher decreasing returns to effort in R&D I assume here that higher decreasing returns 

to scale mean higher R&D costs everywhere along the R&D cost function:

Thus higher decreasing returns to scale will lower the probability of innovation for the social 

planner and by the argument developed above will make it more likely that the social planner 

will prefer to innovate with two labs and not one.

Higher decreasing returns to scale have exactly the opposite effect to an increase in the size of 

an innovation as they everywhere increase the derivative of the R&D cost function.

I have shown here that the social planner will be least likely to operate a centralised R&D 

laboratory when decreasing returns to scale p  are high and the innovation g  is small.

4.33.2 Ordering the innovation probabilities

Here I show how the relative welfare losses of the RJV and the non-cooperative firms depend 

on a. I show that the welfare loss arising in an equilibrium with an RJV declines as a  declines.

I do this by ordering the probabilities with which the RJV and the non-cooperative firms 

innovate. I can derive predictions about this ordering, from a comparison of the first order 

conditions that follow firom the objective functions set out above in equations (4.3) and (4.4).

Here I restate these expressions in some more detail:
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RJV

max n^(p, g, a) -  2y(p,j3)
p

<=> <
max ^ 1 1  -  Eqo (l -  -  ly{pj^,p) Decentralised R&D

(4.17)

max Ejj • rhoj  ̂+ Eqo • (l ~ Q ^~  yiÔR.P) Centralised R&D
■

Non-cooperative firms

m ^  g, a) -  yip, P)

»m ax[pj/i;r ,, + (l -p^)p(;r„ -F )+ P j , (1 -p)(;Ti, + f )  + (l - p j ( l  - P)^oo “  T(Pz,.
Pl

(4.18)

Notice that the objective fiinction for the non-cooperative firms includes the payment of a 

license fee F  in the case in which only one firm innovates. This fee is payed by the non

innovating firm (i.e. that indexed qj).

The size of the license fee will depend on the relative bargaining power of the two firms. 

In what follows it is not important for me to define the license fee exactly, however in the 

simulations below I assume that the firms have equal bargaining power. In that case the license 

fee will be:

f  = I (%10 -  ^oi) (4.19)

The socially optimal probabilities of innovation are those at which the welfare functions set 

out in equations(4.12) and (4.13) are maximised. By ordering the probabilities of innovation of 

the RJV and the non-cooperative firms relative to the socially optimal probabilities I determine 

which of these R&D allocation modes is more efiicient.

It is easily shown that the firms in an RJV will always innovate with a lower probability than
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is socially optimal. To see this compare the first order conditions for the social optimum and 

the RJV3^

Centralised R&D:

^ 1 1  “  ^ 0 0  “  ^  (0^) (4,20)

jfn == r'CPa,) (4.21)

Decentralised R&D:

[ l - p J ( Z i , - E o o ) = y ( p ^ )  (4.22)

“ Psp] {'^11 ~ *̂ oo) ”  y(Psp^ (4.23)

The second derivatives of joint profits/social surplus w.r.t. the probability of innovation will be 

negative for either kind of R&D, ensuring that the first order conditions determine probabilities 

at which joint profits/social surplus are indeed maximised.

Furthermore the conditions I imposed on the R&D cost function on page 190 above ensure 

that the equilibrium R&D investments will always be interior values. It is not difiicult to see 

that the equilibrium probability of investment will be unique given that I assume there that the 

R&D cost function is convex and increasing in the probability of innovation and have positive

values where the probability of innovation is zero, whereas the marginal benefit curves in the

above expressions are clearly either flat or decreasing in the probability of innovation and the 

cost of innovation is zero where the firms invest nothing in R&D.

It is always true that:

*̂ 11 “ *^00 ^  ^11  “ '00

and it follows from the monotonicity of the R&D cost function that the RJV will always 

innovate with a probability which is below the socially optimal probability of innovation. In 

particular this will be true at the probability at which centralised and decentralised R&D

'®These are derived from equations (4.12), (4.13) and (4.17) above.
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are socially equally optimal. This shows that the firms in the RJV will prefer decentralised 

R&D for a range of innovations that will make it socially optimal to centralise R&D.

In discussing the form of the welfare function above I showed that centralised R&D is more 

likely to be optimal the greater is an innovation. Thus at any given level of decreasing returns 

to scale there will be three ranges of innovation sizes:

- for small innovations it will be socially optimal and profit maximising to operate two 

labs,

- for intermediate innovations it will be socially optimal to centralise R&D, but it will not 

yet be profit maximising for the RJV,

- for large innovations it will socially optimal and profit maximising to centralise R&D. 

The arguments which support Result 4.2 apply to each of these cases as I now show.

Socially Optimal Decentralised R&D I begin by analysing the range of parameters for 

which > g^p > g^, i.e. in which it is not socially optimal to centralise R&D and in which 

the RJV therefore does not find it profitable to centralise R&D. The welfare function W in this 

is just given by Wj.

As discussed above, I know that the firms in an RJV will always under-invest in R&D relative 

to the social optimum. Therefore I can derive a measure of the welfare loss which arises due 

to the under-investment of the RJV. This is defined as the difference between the welfare level, 

which would be attained if the firms invested at the socially optimal level (W^p) and the welfare 

level which they achieve by maximising profits, (Wp).

Wsp — ‘S'j j ( 1 [5*1 j 5 *00] T(Qsp’ (4.24)

^  -  Py?) [ ‘̂ 11 -  %o] -  ^^R>P) (4.25)
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Given these definitions I can express the percentage welfare loss due to RJV formation as 

follows:

_ ^SP Id —
SP

(4.26)
SP

I can also depict this welfare loss. The diagram below shows the welfare loss associated 

with the probability interval If the probability of innovation of the non-cooperative

firms were to lie within this interval, the welfare loss arising firom a non-cooperative mode of 

R&D investment would be smaller or equal to that of the RJV.

undervaluation expressed as 
a lower probability of 
innovating

Figure 4.2: The welfare function under decentralised R&D

The probability with which the non-cooperative firms innovate is determined by the first order 

condition derived from equation (4.18) above:
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Given this probability I can define the welfare loss arising in a non-cooperative equilibrium:

=  *̂ 11 “  “  Ql ) [*^11 “ (4.28)

(4.29)

I can now compare the incentives for innovation which are socially optimal with those of the 

RJV and the non-cooperative firms. Just as in the previous chapters I compare the competitive 

threats and the profit incentives in the social optimum with those facing the RJV and the non- 

cooperative firms. The innovation incentives are set out in the table below * ̂  :

Comparing Innovation Incentives

The Profit Incentives The Competitive Threats

Social Optimum *̂10 ”  %o 0

RJV 1̂1 ~ 0̂0 0

N on-Cooperative 

Firms

1̂1 “  0̂0 ^  ~ 

2 ( ^ 1 1  “ ^ 00) + ^

F

Table 1

Beginning with the profit incentive, the table clarifies that both the RJV and the licensing firms 

will under-invest. The RJV under-invests because it fails to take the social surplus created by 

its innovations into account. This is just the undervaluation effect. The non-cooperative firms 

face two counteracting effects. Just as in the previous chapters these are the stand alone effect 

and the strategic investment effect.

It is not difiicult to show that the profit incentive facing the non-cooperative firms may be 

greater than that facing the RJV. This would be the case for instance if the innovating firm 

were able to extract the entire return to receiving a license, zr,, -  from the non-innovating 

firm as a license payment.

' ^These incentives were first discussed in section 2.3.1.3 on page 98.
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Far more important is the fact that the non-cooperative firms face a competitive threat that is 

greater than that facing either the RJV or a social planner. As a result the non-cooperative 

firms may at times invest in R&D to a much greater extent than the RJV and even than is 

socially optimal. In the two preceding chapters both the firms in the RJV and the social 

planner face competitive threats that are positive^^. In those chapters I find that although the 

non-cooperative firms face stronger investment incentives than the RJV, they never over-invest 

in R&D relative to the social optimum.

The competitive threat is nil for both the RJV and the social planner in the above table because 

their expected return firom innovation is the same regardless of whether one or both firms in

novate. This is not the case in the previous two chapters because the RJV always differentiates 

its R&D paths there! This is also always socially optimal. I conclude that where firms adopt a 

strategy of duplicating each other’s research this gives rise to the possibility of over-investment 

in R&D in equilibria with non-cooperative firms.

In general I can state that the combined effect of the profit incentive and the competitive 

threat allow for the full range of possibilities between greater under-investment than the RJV - 

when the license fee is very low - and over-investment relative to the social optimum, when the 

license fee is very high. As I will demonstrate in section 4.5 below this includes the possibility 

that the non-cooperative firms achieve exactly the socially optimal degree of R&D investment.

Notice that the degree of under-investment by the RJV is determined solely by the ratio a 

defined above in equation (4.11). An increase in a  would increase the size of the interval 

1̂ /?» (Compare figure 4.2) within which the probability lies when the non-cooperative 

firms allocate investment to R&D more efficiently than the RJV.

If the license fee is a function of the profits which an innovation conveys then any parameter 

affecting a  will also affect the license fee. In particular we can expect increases in a  to imply 

reductions of the license fee. The competitive threat which pushes the non-cooperative firms 

to over-invest will therefore decline at the same time as the interval becomes larger.

Compare tables 2.1,3.2 and 3.3 
’^Compare for instance equation 4.19
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Therefore I conclude that in the case of decentralised R&D, RJVs are more likely to produce 

smaller welfare losses than non-cooperative firms the lower is a.

Alternative R&D cost functions In cases in which the R&D cost function always makes 

it profitable and socially desirable to centralise R&D the above analysis is redundant. In the 

opposite case in which firms never centralise R&D the welfare function is the same as the one 

discussed in this section. The analysis here therefore applies to these cases too.

Socially Suboptimal Decentralised R&D This is the case in which it is socially optimal 

to centralise R&D but in which the RJV does not find this profit maximising. Note that this 

implies that the maximum value of Wj has risen above the maximum value of W2 . I showed 

above that this would be due either to a fall in decreasing returns to scale or an increase in the 

size of the innovation relative to cases in which decentralised R&D is optimal.

Here the maximum welfare which the RJV or the non-cooperative firms could achieve would 

be the maximum of the welfare function Wj.

The difference between the social welfare levels attainable in the optimum and in the case 

in which R&D is decentralised is derived below. I call it for the loss arising from not 

centralising R&D.

max w, = = 5„  -  ( 1  -  [i'll -  iool "  J ^ sp-P) (4 30)

max Wj = = i ,  1 -  ( 1 -  [S„ -  i„(|] -  r {Q̂ p, P) compare (4.24)

Then the difference of these is /,nc

L  = (4.31)
^SP

I define g as that probability at which Wj is maximised. The question whether or not the RJV 

and the licensing firms over or under-invest can then be restated with respect to this probability 

g. The diagram below clarifies that I can reapply the analysis of the previous section here. The
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only difference being that the welfare losses of the RJV and the non-cooperative firms which 

we derived there are augmented by / .

Welfare loss due to noncentralization of R&D

SP

w,
Welfare loss 
due to 

undervaluation

Figure 4.3: The welfare function when the RJV does not centralise R&D but this is so
cially efficient.

This figure demonstrates that the conclusions of the previous section also apply when the RJV 

fails to close a research facility although this would be socially optimal.

Centralised R&D When the decreasing returns to scale fall still further or the innovations 

increase further relative to the previous two cases, the RJV may eventually find it profitable to 

centralise R&D. This is the case I analyse here.

The welfare level attainable in the social optimum is defined as it was in the previous case 

in equation (4.30). The welfare level attainable by the non-cooperative firms is defined in 

equation (4.28) as before. The objective function for the RJV that applies here was introduced 

in equation (4.17) above. Maximising this objective function I obtain the probability with 

which an RJV with centralised R&D innovates;

1̂1 (4 32)
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I define the welfare level which the RJV can attain by centralising R&D as follows:

The corresponding welfare loss is: 

fko -  PT'

(4 33) 

0*34) 

(4 35)
SP

The non-cooperative firms are unable to centralise R&D. As I showed in the previous section 

this implies that the welfare loss is always augmented by a welfare loss which arises 

because of this failure to centralise R&D.

In contrast the RJV now operates the correct number of labs and thus the welfare loss asso

ciated with the RJV is only that arising from undervaluation. The diagram below clarifies 

that I cannot in general conclude that the non-cooperative firms will always do worse than the 

RJV as a consequence of the extra welfare loss However we can conclude that when 

becomes very small the welfare loss that arises from not centralising in the non-cooperative 

equilibrium will be greater than that due to undervaluation by the RJV: / > P.

W
Welfare loss due to 
undervaluation by the RJV

w,

Figure 4.4: The welfare function when the RJV centralises R&D and this is socially effi
cient

In other words even if in the non-cooperative equilibrium, the undervaluation and stand-alone
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effects should be completely compensated by the strategic investment effect, there would still 

be the loss from non-centralisation of R&D.

This is likely to occur when a  is very low and the undervaluation effect is correspondingly 

small.

In this section I have demonstrated that Result 4.2 also holds in this case. In particular I 

have demonstrated that lower decreasing returns to scale make it more likely that the RJV 

centralises R&D which in turn makes it more likely that the welfare loss arising in a non- 

cooperative equilibrium will be greater than that in the cooperative equilibrium.

1 have now demonstrated that Result 4.2 holds independently of the precise organisation of 

R&D . In the simulations which 1 undertake in section 4.5 below 1 demonstrate that RJVs 

always allocate investments in R&D more efficiently than non-cooperative firms when a  is 

low and decreasing returns to scale are low.

Alternative R&D cost functions In cases in which the R&D cost function always makes it 

profitable and socially efficient not to centralise R&D the above analysis is redundant. In the 

opposite case in which firms always centralise R&D the welfare function is very similar to the 

one discussed in this section. In particular the properties upon which the above analysis rests 

are the same. The main difference arises as a consequence of the fact that the welfare func

tions do not cross. Thus W2  would now lie wholly below Wj. This difference does not affect 

the derivation of the essential results arising from the effects of changes in a. The analysis 

here therefore applies to these cases too.

1 now turn to a characterisation of the parameter a.

4.4 Relating a  to the competitiveness of the industry

In the previous section 1 showed that the relative allocative efficiency of RJVs and firms in 

a non-cooperative licensing equilibrium depends on the size of the undervaluation effect, as
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measured by a. As a  is not directly observable I seek to establish how changes in observable 

parameters affect a. I show below which parameters affecting product market competition 

will equally affect a, such that I can state that changes in product market competition along 

these dimensions have predictable effects for the welfare evaluation of RJVs.

In order to do this I identify parameters that affect the overall competitiveness of the market, 

in the three models of product market competition I investigate. These models are particularly 

pertinent here, as they are frequently used as models in empirical investigations of product 

markets. I use numerical methods to verify that changes in the competitiveness of the market 

as measured by these variables have unambiguous effects on a.

The use of simulations in this context is helpful because the analytical expressions that result 

from differentiating a  with respect to the variables I identify are complex and difficult to 

interpret. This complexity arises because of the presence of the non- research active firms in 

my models.

I showed above that in the context of a linear conjectural variations model, information sharing 

by the members of the RJV can only be taken for granted if I include competitors to the RJV 

in the model. I show below that some of the parameters that capture competitiveness have 

ambiguous effects on a  in the presence of such competing firms. By including such firms in 

my models I can therefore establish which parameters have very robust effects on a. The extra 

complexity of simulating the behaviour of a  in the context of outside competitors to the RJV 

therefore seems justifiable.

4.4.1 The linear conjectural variations model

In this model there are four exogenous parameters that affect the profits of the firms in the 

model. These are the degree of substitutability of the products j, the nature of product market 

competition as captured by ô, the number of outside competitors m and finally the costs of the 

outside firms relative to the ex ante costs of the RJV z.

Of these the number of outside competitors and their ex ante costs relative to the RJV, as
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measured by m and z will affect the relative competitive position of the RJV and the non

eooperative firms. They are not therefore parameters that affect the overall competitiveness of 

the product market in the sense which I seek.

Therefore I focus on the effects of changes in the nature of product market competition as 

captured by ô and the degree of substitution between the firms’ products s.

I can show that in a pure duopoly model increases in both of these parameters will increase or:

It is easily shown that or increases when I switch from Cournot to Bertrand competition:

^|m=0,<J=l ^|m=0,5=0 ^  ^
3 3 + 5  s (3+s)<=> =  > 0

2 ( 1 - 5 )  2 2 ( 1 - 5 )

Similarly 1 can show that an increase in the degree of product market substitution will increase 

or in a duopoly model:

da I +2Ô ^
-T— —  ~ > 0
ds\m=o 2{1-S0)

Below 1 show that in a model with outside competitors only the parameter measuring the 

nature of product market competition ô has an unambiguous effect on or. 1 do this by plotting 

or for two different values of the parameter 1 am interested in and for g  e  [0.05, 1]. Note that 

at g = 0 or is not defined.
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4.4.1.1 Switching from Cournot to Bertrand competition

In the literature on competitiveness of markets, Bertrand competition is conventionally re

garded as more competitive than Cournot competition. Here 1 demonstrate that the switch 

from Cournot to Bertrand competition unambiguously increases a.

1 show by plotting a for Bertrand and Cournot competition, given a specific combination of 

the remaining exogenous parameters s, m, z. The parameter that varies in each plot is the size 

of the innovation g.

With each plot 1 seek to establish that for a given combination of the exogenous parameters, 

the plot of a  for Bertrand competition (b = 1) lies above the plot of a  for Cournot competition 

(6 = 0). 1 present four plots below:

m = 10

- I  
2 =  0

m =20

 ̂ = 1
2 =  0

m = 10

- I
z = 0.05

m = 10

2 =  0

=1

............. .

Figure 4.5: The effect of increasing product market competition

The left-most plot represents the baseline. In each of the other three plots 1 alter one parameter 

relative to this baseline. In each case 1 can see that a is indeed higher for Bertrand competition 

than for Cournot competition.

4.4.1.2 Increasing the rate of product market substitution

An increase in the rate of product market substitution is also commonly interpreted as an 

increase in the competitiveness of the product market. Here I show that an increase in the 

degree of product market substitution does not necessarily increase a.
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m = 10 
Ô = 1 
z = 0

m = 20 
0 =  1 

z = 0

m = \0 
Ô =  1 

z = 0.05

m = 10 
0 =  0 

z = 0

7

Figure 4.6: The effect of increasing

I plot a for two different values of j  given the values of the exogenous parameters m, z, ô. I 

choose values of that lie close together to simulate the effect of differentiating a  w.r.t. 5. As 

the plots demonstrate the effect of an increase in 5' on o: is dependent on the value of S. Thus 

for the particular values o f ch osen  an increase of s increases a under Bertrand competition, 

but reduces a under Cournot competition. The two outer plots demonstrate this clearly.

4.4.1.3 Conclusion

Our numerical results above show that I can only make clear inferences from differences in 

product market competitiveness to welfare effects, regarding RJVs, when the varying dimen

sion of product market competition is akin to a change from Cournot to Bertrand competition. 

When I am comparing RJVs in markets with the same form of competition but differing de

grees of product market substitution our model provides ambiguous predictions about welfare.

4.4.2 The Dixit Stiglitz model

In this model the only parameter which can be used to vary the overall degree of competition 

in the product market is the rate of product market substitution, 5.

Investigating the duopoly model I find that increases in the degree of product market substitu-
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tion have an ambiguous effect on a\

(437)

and (4.38)
1 ln2

1 - s
04 39)

ds 1 - 5

This derivative changes sign at 5 =

As there is no parameter in the Dixit Stiglitz model which has unambiguous effects on or I 

will use only a version of the model in which there are no outside firms to illustrate the results 

which I have derived in the previous section. If I were to use a version including outside 

firms I would need to establish numerically the value of the degree of substitution at which ^  

changes sign. This procedure would not provide additional insights. I include the model below 

only to demonstrate the robustness of the predictions which our theoretical model provides.

4.5 Illustration of the model by simulation

In this section I present the results of a simulation of both product market models discussed 

above. I use these simulations to show that the main predictions of the model as presented in 

result 4.2 above hold true. The simulations also provide an illustration of the ancillary claims 

I have made:

- that the RJV will not always find it optimal to close a lab even when this is socially 

optimal,

- that the non-cooperative firms may reduce the welfare loss to zero whereas the RJV 

will never do this. This occurs because the non-cooperative firms may face a strategic 

investment effect which is just strong enough to offset the undervaluation effect.

model was simulated using a program written and run under Mathematica
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The underlying premise of the following simulations is that all the firms in an industry will 

face the same R&D cost conditions and the same competitive environment, whereas they may 

at different times attempt innovations of very different sizes, as measured by g.

Therefore the simulations are presented in the form of plots which show the welfare losses 

due to the RJV- and licensing-equilibria for a given combination of the exogenous parameters. 

The varying parameter is the size of the innovation g.

I simulate both the linear demand model and the monopolistic competition model and present 

the results, side by side. I will present those plots next to one-another for which I expect the 

same outcomes, given the theory developed in section 4.3.3 above.

I begin by presenting plots of the parameter combinations for which I derived strong predic

tions in result 4.2 and will then proceed to investigate parameter combinations for which the 

predictions are less clear.

Result 4.2 predicts that in markets with strong decreasing returns to scale in R&D and with 

a high level of or, the welfare losses in the RJV-equilibrium exceed those in the licensing 

equilibrium.

In each of the plots below the percentage welfare losses arising in a non-cooperative equilib

rium are represented by the line joining the «’s and the welfare losses in the RJV equilibrium 

are represented by the line joining the ★’s.

Below I reproduce two plots. The left one is of the linear conjectural variations model with 

two outside firms, whereas the right one is of the monopolistic competition model with no 

outside firms. In both plots I have chosen high values for the decreasing returns to scale and 

a. Thus in the left hand diagram I simulate a market with Bertrand competition and in the 

right hand diagram I simulate monopolistic competition with a high rate of product market 

substitution s.

In both plots I observe that the welfare losses arising under RJV formation exceed those arising 

under licensing for almost every size of innovation g. I can also observe that the welfare loss 

due to licensing approaches zero as the innovations become large enough in the left hand plot.
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Figure 4.7: The case in which the RJV produces a greater welfare loss than the non- 
cooperative firms.

Here ^  = 2, w = 4, 5 = 0.9, ^  = 0.95 and d = 1, which implies Bertrand competition, 
while in the right hand plot = 8, w = 0, /3 = 0.95 and .y = 0.9.

I was unable to produce an example for the linear conjectural variations case for which the 

RJV produces a greater welfare loss than the non-cooperative equilibrium for all values of 

g. This will be the case because for small innovations the license fee is not large enough 

to provide an innovation incentive that will offset the stand alone effect entirely and so the 

non-cooperative firms underinvest more than the firms in an RJV.

Result 4.2 also predicts that in markets with weakly decreasing returns to scale and very low 

competitiveness, the research active firms produce a lower welfare loss in an RJV equilibrium 

than in a non-cooperative equilibrium. Here I demonstrate this by choosing low values for the 

decreasing returns to scale in both models. In the left hand plot I simulate Cournot competition 

and in the right hand plot I simulate monopolistic competition with low .

The spikes in the welfare loss plots for the RJV arise because it is just beyond the spike that 

the RJV begins to find it profit maximising to centralise R&D. Thus the spike indicates rising 

welfare losses due to the socially suboptimal decision to operate two laboratories. This is also 

predicted by the theory set out above.

The two main predictions of the general model are borne out in these simulations. In the two 

following sets of plots I investigate what happens at parameter combinations for which the

'^ In  o rd e r  to  av o id  th e  reg io n  in w h ic h  ^ < 0 1  ch o o se  5̂ >
l - l n 2
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Figure 4.8: The case in which the RJV produces a lower welfare loss than the non- 
cooperative firms

Here A = 2, m = 2, s = 0.9, P = 0.2 and 5 = 0, which implies Cournot competition for the 
left hand plot, while in the right hand plot A = 8, m = 0, j3 = 0.11 and s = 0.45.

model provides no strong conclusions.

I begin by reducing the degree of product market competition whilst maintaining the same high 

level of decreasing returns to scale which I used in the first plots above. In the left hand plot 

I simulate Cournot competition whilst the right hand plot shows a simulation of monopolistic 

competition with the same value of 5 as in the preceding plot.
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Figure 4.9: The first indeterminate case

Here A = 2 , m = 2, s = 0.9, /3 = 0.85 and 5 = 0, which implies Bertrand competition for 
the left hand plot, while in the right hand plot A = 8, m = 0, j3 = 0.95 and 5 = 0.45.

Both plots now illustrates clearly how the non-cooperative firms move from undervaluation 

to overvaluation as g increases. The high level of decreasing returns to scale is making it
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unprofitable and socially suboptimal to centralise R&D so that there are no spikes in the plots.

Finally in the last set of plots 1 simulate the models for the same low level of decreasing returns 

to scale as in the second set of plots and a high degree of product market competition. The left 

hand plot is of Bertrand competition and the right hand plot is of monopolistic competition 

with the same level of 5  as the first plot above.

w-w
w

0.02

0.015

0.01

0.005

Figure 4.10; The second indeterminate case

Here A = 2, m = 4, s = 2, P = 0.2 and ô = 1, which implies Bertrand competition for the left 
hand plot, while in the right hand plot /t = 8,m = 0, 9̂ = 0.11 and s = 0.9.

In both plots the initially high welfare losses arising under RJV formation die out as R&D 

is centralised. The right hand plot also demonstrates that once R&D is centralised by the 

RJV the welfare losses in the non-cooperative equilibrium can never be reduced to zero, as a 

consequence of the inability of the non-cooperative firms to close a laboratory.

These simulations show that the theoretical predictions developed in section 3 above can be 

reproduced using two models that are often used in applied work.

4.6 Conclusion

In this chapter I have undertaken a comparative welfare evaluation of two widespread methods 

of information sharing by firms competing in the same product markets. 1 have found that I 

can make clear predictions about the relative size of welfare losses which can be expected in
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different kinds of product markets. However these predictions are based on a ratio (a) which 

is not easily interpreted.

In the second half of the paper I investigated two widely used models of product market 

competition in order to establish how this ratio is related to the parameters of these models. I 

find that certain large changes in the degree of product market competition have unambiguous 

effects on a.

Given these findings I then show that variations in these dimensions of product market com

petition allow me to produce outcomes that mimic the predictions of the theory .

For the linear conjectural variations model I can show that RJVs will produce smaller welfare 

losses than licensing firms in Cournot markets when the decreasing returns to R&D are low. 

In markets with Bertrand competition I can show that licensing will produce smaller relative 

welfare losses when decreasing returns to R&D are high.

These welfare predictions are based on the strong assumption that cooperation on R&D be

tween firms has the sole objective of avoiding or reducing the duplication of R&D activities 

of two firms.
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Appendix to Chapter 4

4.7.1 The linear conjectural variations model

This model is derived from the following quasi linear utility fimction:

k=\ k=l k=l l=\
l*k

The coiKSponding inverse demand function is:

m+2

p  = a - q ^ - s  ^  qj,0 < s < \  (4.41)

As above I can derive the equilibrium output of the firms in the third stage of the game from 

the first order condition:

g  = 0 o  (p -  c,) -  = 0 (4.42)

defining—  ̂ = à this may be rewritten as:

p  = q. (1 -  5d) + c.

Notice that ô captures the conjecture of the firm about the output response of its rivals.In the 

simulations I assume either Bertrand or Cournot competition which corresponds to setting ô 

to one or zero respectively. From the above equation I can derive the following matrix form of 

the simultaneous equations system that determines the equilibrium outputs of the three types 

of firms:
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2 -  SÔ s sm

s 2 -  SÔ sm

s s 2 + s { m - \ - ô )

I can solve this by matrix inversion:

/ \ f \
a -  c.

• = a -  Cj

X\ a - c\

f  \

_ A
'  d

X\

-9 -9m ( - 
1 + 9

I + 9{m+ \) -9m •
1 + 9 (4.43)

-9 1+26» 1 + z-e

Here I introduce a series of compound parameters to simplify the expressions:

A = a - c ,A > 0  
c - cz =

61 =

A

where c is the ex ante cost level of the research active firms 

where c is the cost level of the outside firms

2 - 5 ( 1  +(5) 

d = 2 + s { m + \ - 5 )

c -  c
g =

I also use the following definition above: 

where g is a measure of the size of

the innovation which the research active firms achieve

Using these definitions I can derive all the expressions which I set out in section 4.3.1.1 above.

Derivation of the social surplus functions definitions:

V = (1 -  5d)

[Pi -  c, ) = vq,
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Given the utility function set out in equation (4.40) above we can express the social surplus as 

follows:

5(x, z, e) = a 2 % - 5 Ê “ 5 È Ê - È %
k=\ k=\ k=\ l=\ k=\l̂ k

From this general expression I can derive

(4.44)

5'ii(x, z, c) = (u -  c) 2 ^ 1 1  + {a -  c)mx^ -  i  [2^^ + -

% [2?n (?u + mïii) + mîii (2?ii + (.m -  l) î„ ) ]2
<=>

Sji(x,z, c) -  (v^jj + 0n)(2^ii) + (vxii 4 -^  -  -  [2^i, + -

% [2̂ 11 -^4q\^mx^^+m{m- 1)^J2

5'ii(x, z, c) = 2v^^j + 2^j, [^u (1 + 5) + jmxii] + w v^, -  ^  [2^^, + +

m x , i  [25^1  j + X i i ( l  + 5 ( m -  1 ) ) ] -

^ [ 2 ^ 1 1  +4^?iWXii + m (m -  1 ) ^ J2
<=>

5'ii(x,z, c) = 2q V  +
1 + s

+ 25mgjiXu + mxfj V +
1 + 5(w -  1)

^ji(x,z,c) = (2^fj +/WX11) 11
y + - + s

2. +m 2^iiX,, + ^ ,
{m -  1)

similarly

y +
1 + 5

+ 2smqQQXQQ + tn^Q V +
1 + 5 (m  -  1)

(4.45)
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and

(4.46)

4.7.1.1 The information sharing decision

Bearing in mind that for the case of linear demand the profits of the firms are just the squares 

of the demand the firms meet multiplied by v (as defined above) the condition takes the form:

2 v (9 iif  > v (? ,„ f+  v (?o ,f

Given this condition the expressions for q̂ Q and that were derived above can be in

serted:

1 +g-(l + m9) -  m9z > [r + g9Ÿ + { r - g 9 - g { \ - \ -  m9)\

<=^2(1 +mél) >g[2é/^ + (l +m6»)(6»[2-m(l - //) ]  -  1)]

This expression shows that for all cases in which m > 1 there will always be information 

sharing by the firms in the RJV.

In all of the cases in which the term to the right of g  in the expression above is negative it 

can be shown that g  must be greater than some negative number. This is always the case so in 

these cases there will always be information sharing.

In all of the cases in which the term to the right of g in the expression above is positive it can 

be shown that an upper bound for g exists beyond which the firms would indeed no longer 

share information. It can also be shown that for all w > 1 the non innovating partner in the 

RJV would exit the industry in such cases. Thus the RJV would not form and all of these cases
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are ruled out. This conclusion can be arrived at by a comparison of the upper limit for g  up to 

which information is shared and the upper limit for which the non innovating firm in the RJV 

can make a positive profit:

2 (1 +m0) ^ 1
2 ^  + ( 1 + m G ) (0 [2 — /7z ( 1 — ^)] — 1) 0 (1 +  /w/i)

<=> m > "\/2 — — 
u

which condition is always fulfilled for /w > 1.

Thus whenever it is more profitable for the RJV not to share information and there is more 

than one competitor to the RJV one of the partners exits from the industry. The formation of 

an RJV under such auspices seems unlikely.

4.7.2 The Dixit Stiglitz Model of Monopolistic Competition

From the CES utility function the following inverse demand function can easily be derived:

PiiGi) = 0 0  where 0  =  ------------------------------------------ (4.47)

I derive the equilibrium output of the firms in the third stage of the game from the first order 

condition^^:

ÔJï 7(1“'̂ )
^  = Q < ^(p .-e ,.) + ( l - ^ )  . = 0 (4.48)

'̂ m+2
2jy=i P i

From this I may derive the following general expressions for output and profits of firm i in

'^Note that in deriving this first order condition I am making the assumption that firm /’s actions have a 
negligible effect on 0  and that firm i takes this into account.
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equilibrium:

= ------ —̂ 713
( s

i 5 = y

These expressions allow me to derive all the expressions set out in section 4.3.1.2 above.

Just as in the previous example I introduce compound parameters to simplify the notation. 

Notice that the definitions differ from those in the previous example, which is indicated by the 

different font used:

c
c c

z = -  g = -wheregmeasures the size of the innovation
c c

4.7.2.1 Deriving the Social Surplus Expression

The social surplus for this model can be expressed as follows:

S{x, z. A) -
(  m+2 m+2

/=1 ) /=1

From this general equation I can derive the social surplus expressions for the cases when no 

firm has innovated and all firms have innovated:

*̂00 ~ (^^0 ^  ^ 0̂0

and

‘̂11 = (2^1 + ^  (2 ^ 1 1  + — ^11
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4.1,2,2 The information sharing decision

Here I show that in the monopolistic competition model the firms will always share informa

tion:

Eiç, ^  c) -  E(c, c, c)

(i - v  (<<*) - ,|N4I
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Chapter 5

Conclusion

In the preceding three chapters I have analysed R&D co-ordination by firms in RJVs and by 

non-cooperative firms that license technologies to one-another. 1 have used a combination of 

formal modelling and simulation exercises to derive welfare conclusions about the efficiency 

with which such firms allocate resources to R&D.

In this thesis the notion of R&D co-ordination has been tightly defined as describing a choice 

about the interaction of two firms’ research activities which is taken prior to decisions about 

the investment in R&D by the firms. 1 sometimes refer to this choice as research design. By 

introducing the analysis of R&D co-ordination in this sense into formal models of RJVs 1 have 

extended these models in a new direction.

Almost all formal models of RJVs in the literature implicitly define an RJV as an agreement 

to jointly maximise profits when firms invest in R&D. Following the work by Katsoulacos and 

Ulph [1999] 1 have extended the implicit definition of an RJV in the models above to include 

co-operation on the degree of information sharing and co-ordination at the R&D design stage. 

1 have specifically investigated two different kinds of R&D co-ordination.

This extension of the definition of an RJV is motivated by the view that the options to co

operate on the sharing of technologies and to co-ordinate research design present important 

possibilities that firms acquire by forming RJVs. As 1 have shown in the chapters above
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the extension of the underlying model of an RJV that I undertake throughout the thesis has 

implications for the welfare effects associated with RJVs.

In this conclusion I will briefly summarise the welfare conclusions which the previous litera

ture has provided regarding RJVs. I will then summarise the welfare results that I have derived 

in the preceding chapters. I will discuss the implications of these results and the importance 

that I attach to them. Finally I will comment on several further aspects of the work presented 

in this thesis.

5.1 Previous welfare results on RJV formation

In the introductory chapter I survey the literature on RJVs in order to set out its principal 

assumptions and the main welfare conclusions that have been derived fi*om it. The latter will be 

summarised here once more to provide a background against which to assess the conclusions 

I set out below. I add a short discussion of the implications which have been derived from the 

welfare conclusions I set out.

The main finding of this literature was summarised in Result 1.2 on page 35. There I set out 

that the existing literature on RJVs can be interpreted as showing that RJV formation will 

always increase welfare relative to a non-cooperative equilibrium. This interpretation was 

derived on the basis of three main assumptions which I briefly discuss here.

As my own work in the previous chapter demonstrates it will almost always be profit maximis

ing for the firms in an RJV to share their technologies entirely^. Nonetheless the assumption 

that firms in RJVs share technologies fully is by no means universal in the literature^. In deriv

ing Result 1.2 I have imposed the assumption of full technology sharing on the older models 

in the literature.

In the introduction I also point out that the existing literature usually assumes that the coun- 

terfactual to RJV formation is no voluntary sharing of technologies at all by non-cooperating

* Compare Result 4.1
H discuss this point in more detail in section 1.3.2 on page 36 o f the introductory chapter.
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firms.

This assumption is non-trivial because it implies that the non-cooperating firms do not have the 

possibility to license technologies to one another. As the analysis of my results in the previous 

three chapters has shown, licensing provides a strong incentive for the non-cooperating firms 

to invest in R&D. This incentive is usually strong enough to overturn the finding that RJV 

formation increases social welfare relative to a non-cooperative alternative, i.e. to overturn 

Result 1.2.

Finally the literature I discuss in the introduction implicitly assumes that the essence of RJV 

formation is captured by joint profit maximisation.

5.1.1 What significance is attached to these welfare results?

The question that now arises is what significance has been attached to the welfare results that 

I capture in Result 1.2.

The policy of tolerating the formation of RJVs has become widespread around the world. 

This policy can be understood as one amongst a whole range of technology policy tools such 

as the provision of R&D subsidies or the imposition of a patent system^. The literature on 

RJVs contains some contributions that attempt to ascertain what the policy of permitting RJV 

formation adds to the already existing set of policy tools.

Hinloopen [1997; 2000] provides such an analysis, which may be read as an expression of 

scepticism towards the benefits of RJV formation. In his analysis he points out the scepticism 

in the literature regarding RJV formation that arises from the perception that firms in RJVs 

might find it easier to collude than non-cooperative firms' ’̂ He also clarifies that given the 

theoretical framework of the older RJV literature the socially optimal investments in R&D can

^For a survey of public policy options in technology policy see Martin and Scott [2000].
"^Hinloopen’s specific results depend on a definition of RJVs which differs subtly from ours. This makes the 

a more extensive application of his results to the argument here difficult.
^For a paper that sets out how RJV formation might enable firms to establish collusive behaviour see Mar

tin [1995]. Note also that Katsoulacos and Ulph [1999] show that firms in duopolistic RJVs may only share 
technologies partially which will distort competition in the product market.
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be achieved either through an R&D subsidy or by a combination of such a subsidy and RJV 

formation. Both he and Leahy and Neary [1997] point out the potential welfare losses from 

collusion that might arise in the context of RJV formation as reasons for scepticism about the 

benefits of a policy of allowing or encouraging RJV formation.

On balance the existing theory of RJVs based on the seminal contributions of d‘Aspremont 

and Jacquemin [1988] and Kamien et al. [1992] suggests that there is little basis for the belief 

that RJV formation has important benefits that would justify expending funds or relaxing 

competition policy significantly to enhance formation activity.

As I have already indicated there are two main assumptions that underpin this conclusion:

1. RJVs are well described as agreements to jointly maximise profits when determining 

the level of investment in R&D;

2. Non-cooperative firms are unable to share technologies through licensing or any other 

means.

In the following section I summarise my own results from the models in the previous three 

chapters. There I have employed models in which I replace each of these assumptions with a 

broader set of assumptions.

In the introductory chapter I have presented some empirical evidence that suggests that firms 

forming RJVs very often operate in industries in which technologies are routinely licensed. 

This suggests that a theory which takes licensing seriously as an alternative to RJV formation 

can be useful.

There is little empirical evidence on whether firms in RJVs co-ordinate on research design 

but the results I summarise below suggest that this will be an interesting question to study 

empirically.
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5.2 The effects of R&D co-ordination

In this thesis I have introduced the analysis of R&D co-ordination into models of RJVs. Such 

models had previously been extended by Katsoulacos and Ulph [1998a] to incorporate en

dogenous information sharing and by Katsoulacos and Ulph [1999] to co-ordination on the 

number of research facilities operated by an RJV.

In the preceding chapters 1 present work on R&D co-ordination that takes up the ideas pre

sented in Katsoulacos and Ulph [1999] (Chapter 4) but also analyse an alternative dimension 

of R&D co-ordination in chapters 2 and 3. In each chapter 1 compare the effects of two policy 

instruments, R&D subsidies and permitting RJV formation.

The common conclusion that can be derived from chapters 2 -  4 is that where firms engage 

in R&D co-ordination a technology policy that does not include the possibility of RJV for

mation is likely to be seriously flawed. In other words, where R&D co-ordination efforts are 

important, R&D subsidies alone may reduce social welfare rather than improve it.

A subsidiary result is that very often it is also true that a technology policy which relies exclu

sively on allowing RJVs but does not increase the incentives to innovate, for instance through 

R&D subsidies, will reduce social welfare.

This yields the general conclusion that the policies of permitting RJV formation and provid

ing R&D subsidies are complementary, if firms engage in R&D co-ordination of the kind 

described in the models above.

1 now discuss in more detail how 1 derive this conclusion from my findings in each of the 

chapters.

5.2.1 A b rief review o f the preceding three chapters

The chapters 2 and 3 of this thesis introduce a co-ordination problem that is new to the RJV 

literature; that of co-ordinating the direction of research which firms undertake. The canonical 

models of RJVs all assume that firms’ research directions are complementary in the sense that
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their R&D strategies do not give rise to duplication of results, whilst providing results that can 

be readily combined.

In contrast we allow firms to choose the direction of their R&D relative to that of the other 

firm. This introduces a co-ordination problem for firms undertaking R&D. These firms must 

now decide how different their own R&D should be from that of other firms. We find that the 

complementarity which is such a widespread assumption in the literature is often the firms* 

optimal choice, but not always. Thus our results also shed some light on the limitations of this 

assumption.

In chapter 2 we show that although both the firms in an RJV and non-cooperative firms are 

able to co-ordinate the direction of R&D the non-cooperative firms may co-ordinate on an 

inefficient equilibrium.

In chapter 3 I show that where the costs of absorptive capacity are significant and involuntary 

spillovers of information are sufficiently large the non-cooperative firms will be unable to 

co-ordinate on their most preferred configuration of R&D directions.

In both of these chapters I find that firms can achieve co-ordination outcomes through RJV 

formation that they cannot achieve in a non-cooperative equilibrium. In both cases the advan

tage that firms achieve by co-ordinating their R&D efforts in an RJV is not directly apparent 

from the structure of the model. It is only once the models have been fully developed that it 

becomes apparent why non-cooperative firms might encounter difficulties in the co-ordination 

of their research directions.

In these two chapters I find that it is always the case that RJV formation by itself will reduce 

social welfare. However I find that once RJV formation is combined with a subsidy regime 

social welfare may be improved in ways that are unattainable through the combination of 

non-cooperative licensing and subsidies.

More specifically in chapter 2 we find that an optimal subsidy may not induce firms in a non- 

cooperative equilibrium to choose the socially optimal degree of complementarity between 

research paths. This leads us to conclude that RJV formation in conjunction with R&D subsi-
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dies can be superior to non-cooperative equilibria with R&D subsidies.

In chapter 3 I showed that non-cooperative firms may be unable to choose the socially optimal 

research strategy. I also showed that this problem cannot be addressed through the provision of 

R&D subsidies. Therefore I find that RJV formation is superior to non-cooperative licensing 

for a wide range of cases in this model. However I also show that there is a small range 

of cases in which firms in an RJV will also make the wrong decisions regarding research 

strategies. R&D subsidies will not remedy this problem either.

The conclusion to be drawn firom this discussion is that R&D subsidies implemented by them

selves are not sufiicient to achieve the first best. This can only be achieved by a combination 

of subsidies and a policy of permitting RJV formation. Sonietimes the first best cannot be 

achieved at all using these two instruments alone.

In chapter 4 1 take up the co-ordination problem first analysed in Katsoulacos and Ulph [1999]. 

Here the firms undertake research along the same research path and are co-ordinating on the 

number of research facilities which the RJV operates. In this case the firms in an RJV are able 

to reduce the number of research facilities where this is profitable whereas the non-cooperative 

firms are unable to do this. Here the advantage arising from co-ordination is clearly built into 

the model.

Just as in the models of co-ordination on research directions, the welfare analysis shows that 

firms in a non-cooperative equilibrium may underinvest less in R&D than the firms in an RJV. 

However in contrast to those models this is not necessarily always the case.

In the simulations I undertake at the end of the chapter I show that the non-cooperative firms 

may also overinvest in R&D when product market competition is not too strong (i.e. Cournot 

competition). In this context the introduction of an R&D subsidy in a non-cooperative equi

librium would reduce social welfare. The conclusion here is that R&D subsidies implemented 

by themselves may reduce social welfare, whereas in conjunction with allowing RJV forma

tion they can increase social welfare. Because of the degree of variation in the product market 

which I model in this chapter both the conclusion that R&D subsidies and RJV formation are 

strict complements and that they are weak complements can be generated here.
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Although the models in the preceding chapters differ in the precise co-ordination problem 

facing firms the consistent result from all three models is that RJVs allow firms to overcome 

co-ordination problems that non-cooperative firms cannot overcome. In particular the models 

of chapters 2 and 3 also provide insights into the nature of the co-ordination problems that are 

not initially obvious. This finding may be more interesting than the conclusion that a more 

complicated model of what constitutes an RJV has generated more complex optimal policy 

prescriptions.

Given that I have shown how the three chapters each suggest that R&D co-ordination problems 

give rise to welfare losses that can only be optimally addressed with fairly complex policies, 

the natural response is to wonder how important the welfare losses I detect are. I briefly 

discuss this question in the following section.

5.2.2 The size of welfare losses arising from co-ordination problems

Here I discuss briefly what the simulations I undertake in the preceding chapters can tell us 

about the importance of the welfare losses identified there. I discuss each chapter in turn.

5.2.2.1 Chapter 2

The simulations undertaken in chapter 2 suggest that the welfare losses that arise when non- 

cooperative firms fail to co-ordinate on the socially optimal degree of differentiation of re

search paths is negligible in comparison to the welfare losses that arise as a consequence of 

underinvestment in R&D. However we also found that R&D subsidies to non-cooperative 

firms can induce these to choose the wrong degree of differentiation of research paths in cases 

where they would have chosen the socially optimal degree of differentiation in the absence of 

subsidies. This suggests that permitting RJV formation is an important complement to R&D 

subsidies! Either instrument used by itself may reduce welfare, but both together will always 

improve welfare.

Our simulations suggest that the welfare losses that would arise if subsidies were implemented
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by themselves can be substantial in comparison with the welfare losses arising from underin

vestment. In particular I find that the welfare losses that can arise if an R&D subsidy is 

implemented by itself may reach 3% if the innovation attempted is fairly large. I also find that 

the overall welfare loss can become even higher if  markets are large as is illustrated in table 

2.2 .

5.2.2.2 Chapter 3

In chapter 3 I show that the non-cooperative firms may be unable to choose the social welfare 

maximising research strategy. This has the implication that the non-cooperative firms will 

duplicate R&D excessively and will not reduce average industry costs of production as much 

as the firms in an RJV. I have not simulated this model, so that it is difiicult to establish how 

great the welfare losses this gives rise to may be.

However it is possible to approximate this welfare loss. The inability of the non-cooperative 

firms to choose the research strategy of partial specialisation will reduce both their expected 

profits from innovation and the cost reduction they achieve in case of innovation. The first 

effect will reduce the probability of innovation that the non-cooperative firms choose, which 

affects the expected social surplus indirectly and the second will directly reduce the social 

surplus that arises if both irmovate simultaneously.

I can determine the strength of both effects using the expressions set out in section 3.7.1 on 

page 166. To compare the size of the welfare losses in chapters 2 and 3 I show below that both 

the direct and indirect effects in chapter 3 may be stronger than those I find in chapter 2. This 

implies that the welfare losses in chapter 3 may become larger than those which I have found 

for chapter 2 by using simulations.

I can make this comparison because the models in chapters 2 and 3 are almost identical math

ematically. They differ only in the detail of the situation in which both firms innovate si

multaneously. The approximation will be valid if I can show that a greater direct effect of a 

suboptimal choice in a particular model coincides with a greater indirect effect of that choice, 

such that these two effects reinforce one-another.
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The expected social surplus generated by cost reducing R&D in the non-cooperative equilib

rium is given by the following expression for chapter 2. Using it I clarify what the direct and 

indirect effects of choosing a suboptimal research strategy are:

y ( A " ) = / ( A T  S„(A") +2p"(A“)(l -p«(A"))^,o + (1 -  2.28
direct effect

The first order condition determining p" is:

p"(A)(;r„(A)-:Jro,) + (l -p''(A))(w,o -  = ■/[p"(A)] 2.17

indirect effect

In chapter 2 the welfare losses firom choosing the wrong degree of differentiation arise because 

iSji(0) < which is the direct effect. The indirect effect arises because 

which gives rise to a lower probability of innovation because the competitive threat in that 

case is lower when the suboptimal degree of differentiation is chosen.

The expressions I have set out above can equally be applied to chapter 3. There I do not 

develop the corresponding expressions but it is enough to note that = S iq, = Sqq, = 

tTqi, 71̂  = 71 and that the comparison of direct and indirect effects simply rests on replacing 

S„ with as well as n^  ̂with

Therefore in chapter 3 the direct effect is over the relevant range of p, which gives

rise to the socially suboptimal choice of research strategy by the non-cooperative firms. The 

indirect effect arises because 7t̂  < ^ -  7 t^ , which leads to a lower competitive threat and

gives rise to a lower probability of innovation in the non-cooperative equilibrium.

In chapter 3 the direct effect (L^) can be measured by the difference between the social sur

plus that would arise if the non-cooperative firms could choose partial specialisation and the 

welfare level that arises because they cannot:

L d  -  (5.1)
^ab
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where S ,̂ 5̂  ̂are defined in section 3.7.1 on page 166.

In chapter 2 the direct effect (LJ) can be measured by the difference between the social sur

plus that would arise if the non-cooperative firms were to maximally differentiate their R&D 

vectors, i.e. A  = g and the social surplus that arises where they choose minimal differentiation 

instead, i.e. A = 0:

where j (g), j (0) are defined in equation 2.6 on page 95.

In order to establish the relative magnitude of these two effects I carry out the following 

subtraction -L ^ :

5 i , ( g ) - 5 „ ( 0 )  S „ ( g ) 5 , - 5 , i ( 0 ) S , ,

To determine whether the welfare losses in chapter 3 are even larger than those we found in 

chapter 2 it is sufficient to establish the sign of the numerator of the above expression:

K i(g ) -  ^n(O)) -

W'S'g -  ^i]i^)Sab = (1 + 2g(l - f l ) Ÿg[2 + 3g] -  (1 +gŸ g[{3fj. -  1) +g((2 -  fl) -  y ( l  -  fiŸ)]

(5.3)

It is easy to show that for // -> 1 the above expression becomes negative which implies that 

the direct welfare losses I find in chapter 3 will be larger than those in chapter 2 which are 

illustrated in figure 2.2 on page 111. Where /i = |  I find that the above expression is positive 

so that the opposite conclusion applies.

The expected welfare loss which arises from the suboptimal choice of research strategy by the 

non-cooperative firms will depend also on the probability with which these firms choose to 

innovate. This I called the indirect effect above.
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The strength of the indirect effect in chapter 3, (L j\ can be quantified here by a comparison 

of the competitive threats that non-cooperative firms would face if they chose the socially 

optimal research strategy of partial specialisation and the competitive threat they do face as a 

consequence of choosing non-specialisation:

'   ̂  ̂ ^

where 7T̂ (A) = ^

The strength of the indirect effect in chapter 2, (L-), can be quantified by a comparison of the 

competitive threats that non-cooperative firms would face if they chose the socially optimal 

degree of differentiation of research strategies ( which is g) as opposed to minimal differen

tiation. This approach is correct because the profit incentive in both chapters is the same and 

therefore differences in the probability of innovation will arise only because of differences of 

the competitive threats:

Just as with the direct effects I compare the magnitude of the indirect effects of the non- 

cooperative firms’ suboptimal choices by subtracting -  Lj\

^iife)~^ii(Q) _ ^ 2 + 3g _ 2 (3 ^ -  l )+ g ( l  +4//-3 /i^)
^ii(g)-7roi 3(2- g )  $ -  + g(\ -  -  ji) + I]

It can be shown that this difference will become negative as /i 1 if g is not too close to 1. 

This shows us that the indirect effect in chapter 3 can be stronger than the indirect effect which 

we found for chapter 2, ceteris paribus.

Overall this shows that the welfare losses that arise in the context of absorptive capacity as
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a result of the inability of the non-cooperative firms to choose the socially optimal research 

strategy can be even greater than those that arise firom minimal differentiation of research 

paths in chapter 2.

5.2.2.3 Chapter 4

In chapter 4 I use simulations to establish how large the welfare losses fi*om co-operative 

and non-cooperative equilibria are relative to one-another given a particular configuration of 

exogenous parameters capturing the competitiveness of the product market.

I find that almost all of the simulations of the linear conjectural variations models that I un

dertake in this chapter produce maximal values of welfare losses up to 2.5%. This applies 

equally to cases in which the product market equilibrium is Bertrand and cases in which it is 

Cournot. In the first case this high level of welfare losses arises in the RJV equilibrium and in 

the second it arises in the non-cooperative equilibrium.

5.2.2.4 How important is a welfare loss of 3% ?

In the discussion above I have shown the the welfare losses that may arise in the context of 

RJV formation can reach levels of around 3% in each of the models I have investigated^.

One might wonder whether welfare losses of this order of magnitude are large enough to 

warrant any kind of public policy reaction.

A quick answer to this question is that these levels of welfare losses already give rise to policy 

reactions. For instance the welfare losses in chapter 2 that arise mainly from the underval

uation effect are of the same magnitude as the overall welfare losses that I find arise from 

inappropriate R&D subsidies in the same chapter. The welfare losses from undervaluation are 

well known and often cited as reasons for government intervention through R&D subsidies.

do not attach any particular significance to the figure 3%. I have picked it only because this value arose in 
a number of simulations I have set out above. It is intended only as an indicator of the kind o f welfare losses one 
might see.
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This short answer in no way clarifies whether the benefits we may expect jfrom R&D subsidies 

can justify such public policy responses. Providing a good answer to this question is a separate 

research problem that would take me beyond this conclusion. Below I briefly describe an 

approach to this problem which may provide some insight into the importance of the welfare 

losses I find above.

I will attempt to quantify the importance of a 3% welfare loss by establishing what permanent 

increase in the growth rate of an industry would be necessary to achieve the same increase in 

the present value of the industry as a permanent increase in efiiciency due to an R&D subsidy 

that reduces a 3% welfare loss to zero.

If we assume that the total welfare increase that could be achieved permanently by the intro

duction of an appropriate R&D policy is on the order of 100w% then the present value of this 

increase will be:

l + r \
r - g )

iS • w • ^

where S  is the social surplus generated by the industry, r is the real interest rate and g  is the 

average rate of growth of the industry.

The present value of an increase in the average rate of growth of the same industry to g  can be 

represented as:

1 + r  1 + r
f ' - g  r - g

Using these two expressions it is not hard to show that the following relation holds between 

the percentage increase in the growth rate, T = ^  and the percentage improvement in social
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surplus due to the reduction of the welfare losses from inefficient investment in R&D:

S • = S
r - g

1 + r  1 + r

< = > ■

r - g  r - g  
w 1 1

r - g  r - g  r - g  
w(r -  g)

=
(1 + w)g

Using this expression it is easy to show that a welfare improvement of 3% will be approxi

mately equivalent to a permanent increase of an industry’s growth rate of 2.9% if the industry 

is growing at 2% initially and the real interest rate is 4%.

This may not seem very dramatic but it is not negligible either.

S.2.2.5 Concluding comments

In each of the models I investigate in this thesis I focus on a single co-ordination problem. I 

show that in the non-cooperative equilibria co-ordination can fail, in the sense that the firms 

co-ordinate on suboptimal outcomes. The choices of firms in an RJV may also be subject to 

co-ordination failure^ but this is only for restricted parameter ranges and can be addressed 

through a complementary policy instrument such as an R&D subsidy. The co-ordination fail

ures that arise in non-cooperative equilibria cannot be alleviated in this way.

The separation of the three mechanisms that generate co-ordination failures into three models 

is artificial. This is most apparent in chapter 3 where I assume that the decreasing returns 

to R&D are sufficiently large to rule out the type of problem investigated in chapter 2 It 

is also apparent in chapter 4 where I assume that the R&D which the research active firms 

undertake is duplicative. It would be more satisfying to have a model in which this choice was 

endogenous, perhaps because the firms trade off the benefits of centralising R&D with those

^In chapter 3 the firms in an RJV choose the research strategy of partial differentiation for parameter ranges 
for which this is socially suboptimal, in chapter 4 the firms in an RJV fail to close a laboratory although this is 
socially optimal.

^Compare the discussion in section 3.4.4.3 on page 151 above.
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of co-ordinating on differentiated research paths. Such a model would also be very complex, 

in that all the different types of co-ordination failure I set out in this thesis could potentially 

arise.

Before such a complex model is attempted it will be useful to determine to what extent the 

models I set out above reflect elements of existing market situations. In the introduction I 

provide some evidence that licensing is an alternative to RJV formation in many industries in 

the sense that both are observed to occur in the same industry. I also provide some indication 

that investment in absorptive capacity may matter in these industries.

However the question whether firms do in fact engage in co-ordination of research directions 

is far more central to the argument of chapters 2 and 3 above. Empirical evidence on this point 

is thin at present.

In the management literature^ the technological capabilities of firms, as measured by citation 

patterns in firms’ patent portfolios are used to test hypotheses about the impact of the closeness 

of technological capability on the propensity for RJV formation and the success of learning 

by firms in RJVs. This literature provides some indication that the idea of research directions 

has some empirical content. Whether or not firms are able to co-ordinate in the way we 

hypothesise remains to be shown.

Direct evidence on whether firms use the formation of RJVs to avoid duplication of R&D 

is similarly scant. It is often suggested that this is so, but I am unaware of any empirical 

investigation of the issue.

In this sense the main result of the work presented here gives rise to a new line of empirical 

enquiry. Given that my findings above suggest that RJV formation will allow firms to over

come co-ordination failures that non-cooperative firms cannot by themselves overcome, the 

question is: do firms form RJVs to co-ordinate on research design? Another way of putting 

this question is to ask whether our current models of RJVs capture empirically valid problems 

or whether they are built on misleading premises about firms’ abilities to interact with one

^Examples of this approach can be found in Mowery et al. [1996; 2001] and the literature there cited.
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another and to shape the markets they operate in.

5.3 Further findings

In this section I add a few comments regarding differences of scope of the the chapters pre

sented above. Whereas chapters 2 and 3 are based on very simple duopolistic models in which 

I investigate only Cournot competition, chapter 4 contains an analysis which embraces a far 

broader range of product market competition.

Recent advances in the literature on RJVs suggest that proceeding by initially modelling sim

ple Cournot industries need not be misleading. In particular Leahy and Neary [1997] show that 

their generalisations of the RJV literature, which is built on the assumption of joint maximisa

tion of profits at the RJV investment stage, are not affected by the choice of the product market 

equilibrium concept. This suggests that the broad implications of the analysis undertaken in 

chapters 2 and 3 will be robust to variations in product market competition.

In chapter 4 I use the variation in product market competition to establish whether a model 

which provides ambiguous results can be clarified through the introduction of this type of 

variation. This is shown to be the case. An interesting implication of the analysis in that 

chapter is the importance of the ratio (or) of the expected increase in joint profits to the expected 

increase in social surplus which is attached to a given innovation. This ratio has no obvious 

empirical proxy and I therefore investigate how it behaves with respect to variations in product 

market competition in chapter 4.

It is interesting to see that the expressions for optimal subsidies that are derived in chapters 2 

and 3 (Compare sections 2.4 on page 112 and 3.5.1.1 on page 160) contain expressions which 

are closely related to a. This suggests that we may be able to derive predictions about a rela

tionship of the size of optimal R&D subsidies and the degree of product market competition 

for the models I use in those chapters too.

The final difference between the chapters I present above is the use of simulations to establish 

the size and behaviour of welfare losses in chapters 2 and 4 and the absence of such simulations
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in chapter 3. As my discussion in chapter 3 shows there are sufficient interesting issues that 

might be investigated with the use of simulations there as well.

240



Bibliography

Aghion, P. and Tirole, J. (1994). The management of innovation. The Quarterly Journal o f 

Economics, 109(4): 1185-1209.

Amir, R. (2000). Modelling imperfectly appropriable R&D via spillovers. International Jour

nal o f Industrial Organization, 18:1013-1032.

Amir, R. and Wooders, J. (1998). Cooperation vs. competition in R&D: the role of stability in 

equilibrium. Journal o f Economics, 67(l):63-73.

Anand, B. and Khanna, T. (2000). The structure of licensing contracts. The Journal o f  Indus

trial Economics, XLVIII(l): 103-135.

Arora, A. (1997). Patents, licensing, and market structure in the chemical industry. Research 

Policy, 26:391-403.

Arrow, K. J. (1962). Economic welfare and the allocation of resources for invention. In 

Nelson, R. R., editor, The Rate and Direction o f Inventive Activity. Princeton University 

Press, Princeton.

Arrow, K. J. (1971). Economic welfare and the allocation of resources for invention. In Arrow, 

K. J., editor. Essays in the Theory o f Risk Bearing. Markham.

Beath, J., Poyago-Theotoky, J., and Ulph, D. (1998). Organization design and information- 

sharing in a research joint venture with spillovers. Bulletin o f Economic Research, (50):47- 

59.

241



BIBLIOGRAPHY 5.3

Bessy, C. and Brousseau, E. (1998). Technology licensing contracts, features and diversity. 

International Reviea o f Law and Economics, 18:451^89.

Bhattacharya, S. and Mookheijee, D. (1986). Portfolio choice in research and development. 

Rand Journal o f Economics, 17(4):594-605.

Bloningen, B. A. and Taylor, C. T. (2000). R&D intensity and acquisitions in high-technology 

industries: evidence from the us electronic and electrical-equipment industries. The Journal 

o f Industrial Economics, XLVIII(l):47-70.

Boone, J. (2000). Competition, mimeo.

Cameron, H., Barker, K., and Mckinlay, C. (1999). European union science and technology 

policy and research joint venture collaboration. Mimeo prepared for the TSER project ‘Step 

to RJV’s’.

Cassiman, B. (2000). Research joint ventures and optimal R&D policy with asymmetric in

formation. International Journal o f Industrial Organization, 18:283-214.

Cassiman, B., Pérez-Castrillo, D., and Veughelers, R. (2000). Endogenizing know-how flows 

through the nature of r&d investments. Discussion Paper 2622, CEPR.

Cassiman, B. and Veugelers, R. (2000). Complementarity in the innovation strategy: Internal 

R&D, cooperation in R&D and external technology acquisition, mimeo, June.

Cockbum, I. M. and Henderson, R. (1998). Absorptive capacity, coauthoring behaviour 

and the organization of research in drug discovery. The Journal o f Industrial Economics, 

XLVI(2):157-182.

Cohen, W. M. and Klepper, S. (1992). The anatomy of industry R&D distributions. American 

Economic Review, 82(4):773-799.

Cohen, W. M. and Levinthal, D. A. (1989). Innovation and learning: The two faces of R&D. 

The Economic Journal, 99:569-596.

242



5.3 BIBLIOGRAPHY

Dasgupta, P. and Maskin, E. (1987). The simple economics of research portfolios. The Eco

nomic Journal, 97(387):581-595.

d’Aspremont, C., Bhattacharya, S., and Gérard-Varet, L.-A. (2000). Bargaining and sharing 

innovative knowledge. Review o f  Economic Studies, 67:255-271.

d‘Aspremont, C. and Jacquemin, A. (1988). Cooperative and non-cooperative R&D in a 

duopoly with spillovers. American Economic Review, 78:1133-1137.

De Bondt, R. (1996). Spillovers and innovative activities. International Journal o f  Industrial 

Organization, 15:1-28.

Geroski, P. A. (1993). Antitrust policy towards co-operative R&D ventures. Oxford Review o f  

Economic Policy, 9(2):58-71.

Grossman, S. and Hart, O. (1986). The costs and benefits of ownership: A theory of lateral 

and vertical integration. Journal o f Political Economy, LXXXXIV:691-719.

Hagedoom, J. (2001). Inter-firm R&D partnership, an overview of major trends 

and patterns since 1960. Technical report. National Science Foundation, 

http://www.nsf.gov/sbe/srs/nsf01336/toc.htm. Proceedings firom anNSF Workshop.

Hagedoom, J., Link, A. N., and Vonortas, N. S. (2000). Research partnerships. Research 

Policy, (29):567-586.

Hammerschmidt, A. (1999). R&D spillovers and absorptive capacity. Mimeo.

Hinloopen (1997). Subsidizing cooperative and noncooperative R&D in duopoly with 

spillovers. Journal o f Economics, 66:151-175.

Hinloopen (2000). Subsidizing cooperative and noncooperative R&D: an equivalence result? 

Economics o f Innovation and New Technology, 9(4):317-329.

Jorde, T. M. and Teece, D. J. (1990). Innovation and cooperation: Implications for competition 

and antitrust. Journal o f Economic Perspectives, 4(3):75-96.

243

http://www.nsf.gov/sbe/srs/nsf01336/toc.htm


BIBLIOGRAPHY 5.3

Kamien, M., Mueller, E., and Zang, I. (1992). Research joint ventures and R&D cartels. 

American Economic Review, 82:1293-1306.

Kamien, M. and Zang, I. (2000). Meet me halfway: research joint ventures and absorptive 

capacity. InternationalJournal o f Industrial Organization, 18:995-1012.

Katsoulacos, Y. and Ulph, D. (1998a). Endogenous spillovers and the performance of research 

joint ventures. Journal o f Industrial Economics, 46:333-357.

Katsoulacos, Y. and Ulph, D. (1998b). Innovation spillovers and technology policy. Annales 

d ’Economies et Statistiques, 49/50:589-607.

Katsoulacos, Y. and Ulph, D. (1999). Innovation spillovers and the welfare performance of 

RJV’s. mimeo.

Katz, M. L. and Ordover, J. A. (1990). R&D cooperation and competition. In Brookings 

Papers: Microeconomics, pages 137-203.

Klette, T. J. and Johansen, F. (1998). Accumulation of R&D-capital and dynamic firm perfor

mance: a not-so-fixed effect model. Annales d Economie et de Statistique.

Klette, T. J., Moen, J., and Grilliches, Z. (2000). Do subsidies to commercial R&D reduce 

market failures? Microeconomic evaluation studies. Research Policy, 29:471—495.

Leahy, D. and Neary, P. (1997). Public policy towards R&D in oligopolistic industries. Amer

ican Economic Review, 87(4):642-662.

Levin, R. C. and Reiss, P. C. (1988). Cost-reducing and demand creating R&D with spillovers. 

RAND Journal o f Economics, 19(4):538-556.

Link, A. N. (1996). Research joint ventures: patterns from federal register filings. Review o f  

Industrial Organization, 11:617-628.

Martin, S. (1995). R&D joint ventures and tacit product market collusion. European Journal 

o f Political Economy, 11:733-741.

244



5.3 BIBLIOGRAPHY

Martin, S. (1998). Product market competition policy and technological performance. Mimeo.

Martin, S. and Scott, J. T. (2000). The nature of innovation market failure and the design of 

public support for private innovation. Research Policy, 29:437-447.

Mowery, D. C., Oxley, J. E., and Silverman, B. S. (1996). Strategic alliances and inter-firm 

knowledge transfer. Strategic Management Journal, 17:77-91.

Mowery, D. C., Oxley, J. E., and Silverman, B. S. (2001). The two faces of partner-specific 

absoptive capacity: learning and co-specialization in strategic alliances. Mimeo, Under 

Review.

Oxley, J. E. (1997). Appropriability hazards and governance in strategic alliances: A transac

tions cost approach. The Journal o f Law, Economics & Organization, 13(2):387-409.

Parise, S. and Henderson, J. (2001). Knowledge resource exchange in strategic alliances. IBM  

Systems Journal, 40(4):908-924.

Pemberton, M. and Rau, N. (2001). Mathematics for Economists. Manchester University 

Press, Manchester and New York.

Pérez-Castrillo, D. and Sandonis, J. (1996). Disclosure of know-how in research joint ven

tures. International Journal o f Industrial Organization, 15:51-75.

Rosenkranz, S. (1998). To reveal or not to reveal: the case of research joint ventures with 

two-sided incomplete information. Discussion Paper 1985, CEPR.

Ruff, L. (1969). Research and technological progress in a coumot economy. Journal o f  

Economic Theory, 1:397-^15.

Salant, S. W. and Shaffer, G. (1998). Optimal assymetric strategies in research joint ventures. 

International Journal o f Industrial Organization, 16:195-208.

Shapiro, C. and Willig, R. (1990). On the antitrust treatment of production joint ventures. 

Journal o f Economic Perspectives, 4(3): 113-130.

245



BIBLIOGRAPHY 5.3

Spence, M. (1984). Cost reduction, competition, and industry performance. Econometrica, 

52(1):101-121.

Stenbacka, R. and Tombak, M. M. (1998). Technology policy and the organization of R&D. 

Journal o f Economic Behaviour & Organization^ 36:503-520.

Suzumura, K. (1992). Cooperative and noncooperative R&D in an oligopoly with spillovers. 

American Economic Review, 82(5): 1307-1320.

Teece, D., Pisano, G., and Shuen, A. (2000). Dynamic capabilities and strategic management. 

In Dosi, 0 ., Nelson, R., and Winter, S., editors. The Nature and Dynamics o f  Organisational 

Capabilities, chapter 12, pages 334-362. Oxford University Press.

Tirole, J. (1988). The Theory o f Industrial Organization. MIT Press, Cambridge, Mas

sachusetts and London, England.

Ulph, D. (1999). Competition, innovation and research joint ventures. Mimeo prepared for 

the TSER Network ‘Innovation R&D and Productivity’.

Ulph, D. and von Graevenitz, G. (2000). Technology policy with complementary research 

paths: the complementary roles of RJV’s and R&D subsidies, mimeo.

Vonortas, N. S. (1994). Inter-firm cooperation with imperfectly appropriable research. Inter

nationalJournal o f  Industrial Organization, 12(3):413—435.

Wiener, N. (1993). Invention. The MIT Press, Cambridge, Massachusetts and London, Eng

land.

Yi, S. S. and Shin, H. (2000). Edogenous formation of research coalitions with spillovers. 

International Journal o f  Industrial Organization, 18(2):229-256.

246



Chapter 6 

The Mathematica simulation code for 

chapters 2 and 4

6.1 The Simulation Code For Chapter 2

This is a printout o f a Mathematica notebook which contains the simulation pro

grams I  have used for chapter 2. The notebook consists o f three parts:

- the first part contains definitions o f functions and expressions that are called

by all functions that follow in the notebook;

- the second part consists o f functions which calculate probabilities o f  innovation

and welfare losses at individual points. These were used to produce the 

values I  set out in table 1 on page 102.

-the third part consists o f functions which output tables o f  welfare losses at a 

series o f different points to a file. These tables are then used to produce the 

plots in figure 3.2 on page 90 above.

Part 1: Common definitions and functions.
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The function below contains a recursive algorithm used to approximate the max

imum point o f  a continuous function F  that has a unique global maximum on 

the interval [0, 1]. The procedure will not work for any other optimisation prob

lem! I  give the function the derivative f  o f F  and the accuracy to which it is 

to work as starting values. The algorithm then approximates the value at which 

the derivative function becomes zero and provides the approximation as a value 

p, where D < p  < \. This is done by recursively subdividing the interval within 

which the sign o f the derivative function changes and narrowing down the inter

val. The number o f iterations is determined by the accuracy desired.

I n [ l ]  := Z e r o x l f ^ ,  acc_,  p_] : = M o d u le [ { g r ,  a ,  t ,  u ,  s ,  t ,  c ,  i ,  1 ,  v } ,

g r  : = 1 1 ;  

b : = 0 . 1 ;

a [ l _ / i _ ]  : = S i g n [ f / . x -» 1] + S i g n [ f / , x 1 + i ]  ; 

r  [b_, i_] : = T a b l e  [ a [ l ,  i ]  ,  { 1 ,  b ,  b  + (g r  - 1 - i ^ )  i ,  i } ]  ; 

s  [b_, i_]  : = D e l e t e C a s e s  [r  [b ,  i ]  ,  -Coioplex] ; 

t  [b_, i_] : = D e l e t e C a s e s  [s  [b ,  i ]  ,  x _ / ;  X ^ 0] ; v[c_]  ; = 

z [c -  1] ( L e n g t h [ t  [ v [ c  -  1] ,  z [c -  1] ] ] + 0 )  + v [ c  -  1] ;

z [0] : = — ; 
gr

z [ i _ ]  := z [ i ]  =
gr

v [ 0 ]  ; = 0; 

p : = v [ a c c ]  ;

O f f  [Power : ; i n f y ,  oo ; : i n d e t .  Genera l  ; : s t o p ]  ;

];

The definitions o f expressions fo r  profits, joint profits and the social surplus given 

the values for A, f ,  9.

I n  [2]  := C l e a r A l l  [DBFS, Ô, 8 ,  <t>, v ,  F,  f , q ,  p ,  r ]  ;
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I n [ 3 ]  := DEFS[A_, /3_, 0_] ; = Module [ { 0 } ,

Qn [g- ,  C_] : = ^ A (1 + g + c g) ;

Qio [g-] : = ^ A (1 + 2 g) ;

qoi[g -]  : = ^ A  ( 1 - g )  ;

A
0̂0 *" 3 '

S qo • ”  ^  ^ 0  '

d_] : = 4 q i i [ f , d ] ^ ;

Sio[f_]  : = ^ Â  ( ( l  + 0 . 5 f ) ^ +  (1 + f +  2 . 5 f ^ ) ) ;

y';=0 ( l - x ) - ^ - l ;  ] ;

Part 2: The definitions o f  functions that calculate the innovation probabilities 

and welfare levels at individual points.

This function calculates the socially optimal probability o f innovation and the 

associated level o f the social surplus.

I n [ 4 ]  : = C l e a r A l l  [F 2 B e s t ,  a ,  b ,  pb,  PB, P,  t ]  ;

F2B es t [ g _ ]  : = Module [{FO},

FO : = (1 -  x)  (Sio [g] -  Sqq) -  y '+x [ g ,  1] -  [g] ) ;

Z e r o x [ F O , 4 ,  P] ;

f o  := ( 1 - x )  (Sio [g] - S qq) -  y '+x (S^Cg,  0] -  [g] ) ;

Z e r o x [ f o ,  4 ,  pb] ;

Wsp := P^SiiEg, 1] + 2 P S i o [ g ]  ( 1 - P )  + Sqo (1 -  P)  ̂ -  2y  [P] ;

PB ; = P ;

P r i n t  [Wgo=, Wsp, ,  PgQ=, N[P] ]

];

This function calculates the RJV’s profit maximising probability o f innovation and 

the associated social surplus.
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I n [ 5 ] := C l e a r A l l [ R j v s ] ;

Rjvs [g_]  : = Module [ {FOR, Wr} ,

FOR := x ( 2  1]^ -Qio [g]^ -  Qoi [9]^) +

( 1 - x )  (q^o [g]^ + qoi [g]^ -  2 qg) -  y";

Z erox [FOR,4 ,  p] ;

Wr : =

Si i  [ g ,  1] + 2 Sio [g] p ( l  - p )  + (1 - P ) ^  Soo -  2 y [ p ]  ;
r r  ,  Wsp -  Wr T TP r i n t  [p =, N[p] ,  , Lc=, — ------ ] ; 1 ;

Wsp

This function calculates the non-cooperative firms'profit maximising probability 

o f innovation and the associated social surplus. Notice that the procedure calcu

lates these values for both the case in which A = 1 and the case in which A = 0.

It provides the values associated with greater profits for the firms.
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I n [ 6 ] ;= C learA l l [ N C L ,  pr]  ;

NCL [g_] : = Module [ {FON, P,  T,  Ws, Lj ,  Td} ,

FON[d_] : =

x ( q i i [ g ,  d]^ -QoiCg]^) + ( l - x )  (q^oCg]^ - q j )  -  Y  

P[f_]  := q i i [ g ,  f ] ^ r ^  + (q^oCg]^ + q^Cg]^) r ( l - r )  +

(1 -  r)^ qj - y [ r ]  / . r  -> r  [ f  ] ;

Z e r o x [ F O N [ l ] ,  4 ,  r [ l ] ]  ;

Zerox[FON[0] ,  4 ,  r  [0] ] ;

Pm : = M a x [ P [ l ] , P [ 0 ] ] ;

s [ 0 ]  := I f  [Pm=^ P [ l ] ,  r [ l ] ,  r [ 0 ]  ] ;

T : = Si i  [g ,  f  ] + 2 S^, [g] s ( l  -  s )  + (1 -  s )^ S ô -  2 y  [ s ]  ;Ws : =

l £ [ P m = = P [ l J , T / . { s - » r [ l ] ,  f -> l } , T / . { s - > r [ 0 ] ,  f -» 0 } ] ;

Td := Si i  [g ,  1] + 2 [g] s ( l  -  s )  + (1 -  s )^ Sgg -  2 y [ s ]  ;

Lj := l£ [P m = =  P [ l ] ,  T d / . { s - +  r [ l ] } ,  T d / .  { s r  [0] } ] ;

P r i n t  [p = , N [ s [ 0 ] ] ,  , N [ r [ 0 ]  ] ,  ,  =,

]'

The following function calculates the welfare loss in the non-cooperative equi

librium given an optimal subsidy. It calculates the welfare loss both in the case 

in which the non-cooperative firms choose maximal differentiation and minimal 

differentiation. The output are those values which correspond to the choice o f  

differentiation that is profit maximising for the firms given the subsidy.
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I n [ 7 ]  := C l e a r A l l  [LiSuM, Lsub,  Ls] ;

LiSuM[g_] ; = Module [{PO, P,  FOS, W, p ,  r ,  T, p .  S u } ,

FO[d_] : = x  ( q i i [ g ,  d]^ - q o i [ g ] ^ )  + ( i - x )  (qio -  <i?) -  y'

Z e r o x [ F 0 [ 1 ]  ,  6 , p [ l ]  ] ;

Zerox[FO[0]  ,  6 , p [ 0 ]  ] ;

Su[gg_,  f_] ; =

N [ i - ( p [ f ]  (q i iEgg,  1 ] ^ -qoiCgg]^)  + ( i - p [ f ] )  (qio[gg]^ - q ? ) ) /

( p [ f ]  (Si iEgg,  1] - S i J g g ] )  + ( l - p [ f ] )  (S^q [gg] -  Sqq) ) ] ;

P [ f - ]  : = q i i [ g ,  f ]^PB^+ (qioEg]^ +qqi[g ]^)  p b  ( i  -  PB) + ( i - P B ) ^ q J -  

( l - s u [ g , f ] )  Y [PB] ; 8ub : = I f  [P [1] > P [0] ,  Su [g ,  1] ,  Su [ g ,  0} ] ;

T : = S u  [ g ,  f f  ] r^ + 2 S^, [g] r  (1 -  r ) + (1 -  r)^ S ô -  2 Y[r ]  ;

Ls : = I f  [P [1] > P [0] ,  T / .  ( f  f  1 ,  r  PB) ,  T / .  { f  f  -♦ 0 ,  r  -> pb} ] ;
r Wsp -  Ls 1 1

P r i n t  [L = , —  ---------,  ,  s  = ,  Bub, , P 1 = , P [ 1 ] ,  , P [ 0 ] 1 1 ;*■ Wsp ■*

I n [ 8 ] : =  << G r a p h i c s '

The cell below calls the procedures defined above to deliver the probabilities o f  

innovation and welfare losses fo r  a given set o f exogenous variables. The second 

cell below contains the results.

I n  [9]  : = C l e a r A l l  [Wsp, p ,  q ,  r ,  s ]  ;

DEFS[1,  0 . 3 3 ,  1 . 1 ]  ;

F 2 B e s t [ 0 . 2 5 ]  ;

R j v s [ 0 . 2 5 ]  ;

NCL[ 0 . 2 5 ] ;

L i S u M [ 0 . 2 5 ] ;

Wgo = 0 . 7 5 8 0 7 8  = 0 . 2 6 4 1 2 1
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Pc = 0 .  Le = 0 . 0 1 9 9 5 3 2

Pj^ = 0 . 0 9 3 6 4 1 1  0 . 0 9 3 6 4 1 1  L^ = 0 . 0 1 2 7 1 7 9  L^ ^ 0 . 0 0 3 5 3 4 3 5  0 . 2 5 7 4 4 9  0 . 2 5 7 5 4 9

L = 1 . 4 6 4 5 2 1 0 - ^ ^  s =  0 . 1 9 0 3 7  P l  = 0 . 2 2 6 1 2 6  0 . 2 2 2 7 2

Part 3: Procedures for the evaluation o f  welfare losses at a series o f  points.

The next three cells contain the functions that are called when I  build up tables o f  

welfare losses at a series ofpoints. These functions perform the same operations 

as those I  use to calculate individual points but are more suited to being called 

repeatedly. The first function below will calculate social welfare in the social 

optimum and the socially optimal probability o f  innovation, whilst the following 

function calculates these values for a non-cooperative equilibrium and the third 

provides these values fo r  the RJV.

I n [ 1 0 ]  := C l e a r A l l  [SMcUC, So ,  PB] ;

SM2uc[g_] ;= Module [ {FO, W, p ,  a a } ,

FO : = x ( 8 i i [ g ,  1] - S ^ J g ] )  + ( l - x )  (Ŝ o [g] - S ^ )  -y' i

So := Si i  [g ,  1] + 2 Ŝ  ̂[g] p ( l  -  p) + (1 -  p)^ -  2 y [ p ]  / . p  -> p;

PB := p;

Zerox  [FO, 6 ,  p] ;

];
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I n [ l l ] := C l e a r A l l [ L i M a x , L i ] ;

LiMax[g_] : = Module [ {FO, W, P, p ,  T, q} ,  FO [d_] : =

x ( d i i [ g /  - Qo![g]^) + ( l - x )  (QioEg]^ -<i î )  -  y ';

Z erox  [F0[1]  , 6 , p [ l ]  ] ;
Zerox[FO[0]  , 6 ,  p [ 0 ] ] ;

P[f_ ]  := Qi! [g ,  f  p [ f  ]  ̂+

(qio[g]^ + qoi[g]^) p[f] ( i - p [ f ] >  + ( i - p [ f ] ) ^ q j  - y[p[ f ] ]  ;

T : = S i i  [g ,  f ]  p [ f ] "  + 2 S i o [ g ]  P [ f ]  ( l - p [ f ] )  + (1 -  P [ f  ] )  ̂ Sqo -  2 Y [p [ f  ] ] ; 

Li  := I f [ P [ l ]  > P [ 0 ] , T / . f -^1,  T / . f - > 0 ] ;

Td : = S u  [ g ,  1] p [ f ] 2  + 2 S io I g ]  p [ f ]  ( l - p £ f ] )  + ( 1 p [ f  ] )  ̂Sqo -  2 Y[p [ f  ] ] ; 

Lj : = I f [ P [ l ]  > P [ 0 ] , T d / . f - » 1 ,  T d / . f - » 0 ] ;  ] ;

I n  [ 1 2 ]  : = C l e a r A l l  [RJPIC, RJMax, c c ]  ;

Remove [RJPIC, RJMax, c c ]  ;

RJNax [g_] : = Module [ {FO, M, p .  H, T, 1 ,  aa}  ,

FO : =

x [ 2  Qn [g ,  1]^ - q i o  [g]^ -qoiEg]^]  + ( i  -  %) (qio [g]^ + qoi [g]^ - 2 q J )  -  r ' ;  

c c  := Si i  [ g ,  1] + 2 [g] q [ l  -  q] + (1 -  q)^ S qq -  2 y [ q ]  / . q - >  p;

Z e r o x [ F O , 4 ,  p] ; ] ;

The following two functions build up tables o f welfare losses fo r  the RJV and the 

non-cooperative equilibria that are written to an output file and can then be used 

to produce diagrams. I  use this procedure here rather than letting Mathematica 

provide the diagrams because it is more efficient. The last few  cells that follow  

below illustrate how the two functions below are called.
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I n [ 1 3 ] : =  C l e a r A l l  [VR, VS, n] ;

RJPIC [n_, e_,  A_, )3_, 0_, pr_] ; =

Module [ { 1 ,  a } ,  S e t D i r e c t o r y  [ / h o m e / j i r z i / P H D T h e s i s / C l / I x n a g e s / ]  ;

DBFS [A, i3, 0] ; VT ;= T ab le  [SMax[i]  ; RJMax[i] ; L iM a x [ i ]  ;

r . N[So] - N [ c c ]  N[So]  - N [ L i ]  N[Lj]  - N [ L i ]  ^
 ̂ N[So] ' N[So] '  N[So] J'

{ i ,  0 ,  e ,  0 . 0 4  £} ]  ; Export  [n ,VT,  T a b le ]  ; ] ;

SUBPIC [n_, e_,  A_, )3_, 0_, pr_] : = Module [ { i ,  a )  ,  DBFS [A, jS, 0] ;

VS := T able  [SMax [ i ]  ; L iMax[ i ]  ; LiSuM[i]  ;

r N[sub]  N[So3 - N [ L i ]  N[So] - N [ L s ]  ^
 ̂ ' N[So] N[So]  ' N[So]

{ i ,  0 . 0 0 0 1 ,  £ + 0 . 0 0 0 1 ,  ^ } ]  ; Export  [n ,  VS, Taible] ; ] ;

I n [ 1 4 ]  := SUBPIC[SA1T1B33 ,  0 . 3 ,  6 ,  0 . 2 5 ,  1 ,  0 . 4 ]

I n  [ 1 5 ] : =  RJPIC [ A l T l B 3 3 .d a t ,  1 , 1 , 0 . 3 3 , 1 , 2 ]

RJPICLAlTlB66.dat ,  1 ,  1 ,  0 . 6 6 ,  1 ,  2]

RJPIC [ A l T l B 9 9 .d a t ,  1 , 1 , 0 . 9 9 , 1 , 2 ]

I n  [16]  := RJPICLAl0T10B33.dat,  1 ,  10 ,  0 . 3 3 ,  10 ,  2]

RJPIC[A l0 T 1 0 B 6 6 .d a t ,  1 ,  10 ,  0 . 6 6 ,  10 ,  2]

RJPICCAl0T10B99.dat ,  1 ,  10 ,  0 . 9 9 ,  10 ,  2]

6.2 The Simulation Code For Chapter 4.

77i/5 w a printout o f a Mathematica notebook which contains the simulation pro

grams I  have used for chapter 4. The notebook consists o f three parts:

- the first part contains the definitions o f the functions and expressions that are
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called by all functions that follow in the notebook Here I  have amalga

mated two notebooks so that the definitions for the linear conjectural varia

tions model and fo r  the monopolistic competition model both appear in this 

section.

- the second part contains the functions that calculate welfare losses at individ

ual points and fo r  series o f points. The functions I  supply here are from  

the notebook fo r  the conjectural variations model. I  omit the corresponding 

functions for the monopolistic competition model because these are almost 

identical to those that I  present here.

- the final part contains the functions that I  have used to simulate a for varying

g  and different combinations o f external parameters.

Part 1 : Common definitions and fimctions.

The function below is the same function I  also usedfor the simulations undertaken 

fo r  chapter 2 to find the maximum points offunctions.
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I n  [ 17]  ;= Zerox [ f_ ,  acc_,  p_] : = Module [ { g r ,  a ,  r ,  u ,  b ,  t ,  c ,  z ,  b ,  i ,  1 ,  v } ,  

g r  ; = 12;  

b : = 0;

a [1_, i_] : = S i g n [ f / , x  -» 1] + S i g n [ £ / . x  -» 1 + i ]  ;

r  [b_, i_] : = T a b le  [ a [ l ,  i ]  , { 1 ,  b ,  b  + (g r  -  1 -  i^) i ,  i }  ] ;

s  [b_, i_] ; = D e l e t e C a s e s  [r  [b ,  i ]  ,  .Complex] ;

t  [b_, i_] : = D e l e t e C a s e s  [s  [b ,  i ]  ,  x _ / ;  x   ̂ 0] ;

v[c_]  : = z [c -  1] (Length [ t  [ v [ o  -  1] ,  z [c -  1] ] ] + 0) + v [ c - l ] ;

z [ 0 ] : = —  ; 
g r

z [ i _ ]  ;= z [ i ]  =
 ■ ■ ■

v [ 0 ]  := 0;

p : = v [ a c c ]  ;

],

The definitions ofprofits, joint profits and social surplus for the linear conjectural 

variations model Here the exogenous input parameters are A, m - the number o f  

outside firms in a market, z - the difference in the ex ante costs o f  the outside firms 

and the RJV, f  - the degree o f decreasing returns to scale, s - the product market 

substitution rate and 0 - the bargaining power o f the licensor.
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I n  [ 18]  := C l e a r A l l  [DBFS, Ô,  s ,  0 ,  v ,  F] ;

DEFS[A_, m_, n_, z_, j3_, Ô-,  0_] : = Module [ { 0 ,  c } ,
se ; =

2 -  s (1 + <5) 
d : = 2 + 8 (m + n - 1 - 5 ) ;

q^i [c_] ; = ^ A ( l  + c  + c m e - i n e z ) ;
Î

Qio [c-] : = —A ( l  + c + c m e  + c 0 n - m 0 z - c 0 ) ;
1

Qi [c_] ; = -  A (1 -  c  0 -  m0 z) ;

Qo := ^ A. (1 - m 0 z )  ;

[c_] : = — A (1 + z + n z 0 -  n 0 c)  ;
1

[q) [c_] : = — A (1 + z + n z 0 -  0 c )  ;10 d 1
A (1 + z + n z 0) ; q[c_] ;= —A ( l  + c ) ;

d

11 .
V : = 1 -  s  Ô ;

So : = qg^ n (V + ^ (1 + s (n -  1) ) ) + |q j in (v + ^ (1 + s ( m - 1) ) ) + sm nqQ |q j  ;

8 i i  [d-] := q^i [d]^ IX (v + -  (1 + 8 ( n -  1) ) ) + |qj [d] m (v + ^ (1 + 8 (m -  1) ) ) + s m n q i i  [d] |qj

(«The R&D c o 8 t f u n c t i o n * )

F[d_] : = 0 v  ( q i i [ d ] " - q j d ] " )  + ( 1 - 0 )  v (q^o [d] " -  q ^  [d] ") ;

1 - P

y' := (1 - x ) - ^  -  1;

];

The definitions below are for the notebook simulating the Dixit Stiglitz model. The 

parameters are the same as those set out just above.
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I n  [19]  := C l e a r A l l  [DEFS, s ,  <f>, v ,  F] ;

DBFS[A_, m_, n_, z_, s_,  0_] : = M o d u le [ { 6 ,  c } .

r , Aci-
<ïi i  [ c - ]  : = -  zn zn ' 

2 + m z "

A C !-•
*ïio 'c !-• + 1 + m z 1-»

A
Qi [c_] :=

c " + 1 + m z 1—
A

<ïo : = -  3 7  f2 + m z 1-

(q) [c ,]  : = -  _c ;
\ / 1 1  2 c 1— + m z 1—

( ; )  [C-]

1 -  s
V : = ----------

m q  [d]
. / 2 rr.. Ffll

Sii  [d_] ;= (2 [d]®+m | q |  [d] )

F [d_] := <pY (q^i [d] -  q  ̂[d] ) + ( 1 - 0 )  v (q^o [d] -  q ^  [d] ) ;

1 - / 3

Super s c r i p t B o x  { y ,  / ,  Mult l l i n e F u n c t  i o n  -> None) : = ( l - x ) " ^ - l ;

] '

Part 2: The functions that calculate welfare losses

The two functions below determine the first best probabilities and the associated 

welfare levels. The top function is used for individual points whereas the bottom 

function is used to produce the graphs.
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I n [ 2 0 ] : =  C l e a r A l l [ F 2 B e s t ,  a ,  b] ;

F2 Bes t  [m_, g_] ; = Module [ {FO, W, q} ,

FO[n_] := (1-x)*^-^ [g] - S J  - y ' ;

W[n_] := Si i  [g] -  (1-q)*" [g] - S q) - n y [ q ] / . q - *  q [n ]  ;

Z e r o x [ F 0 [ 1 ] ,  4 ,  q [ l ] ] ;

Zerox [FO [m] , 4 ,  q[m] ] ;

Wsp : = Max [W [ 1] , W [m] ] ;

I f  [Wsp == W[l] ,  P r i n t  [ q ( l )  =,  N [ q [ l ]  ] ] ,  P r i n t  [ q ( ,  m, ) =,  N[q[m] ] ] ] ; 

P r i n t [ W [ l ] ,  ,  W [2 ]]

C l e a r A l l  [SMêuc, So] ;

SMax[g_] ; = Module [ (FO, W, p ,  aa }  ,

FO[n_] := (1-x)'^-^ -  S^)  - y ' ;

W[n_] := S^i [g] -  ( 1 - p ) ” [g] -  S q) - n y [ p ] / . p -  > p [ n ]  ;

Z ero x [ F 0 [1 ]  ,  4 ,  p [ l ]  ] ;

Zerox [FO [2] ,  4 ,  p [ 2 ]  ] ;

So : = Max[W[l] , W[2] ] ;

3;

These functions calculate the profit maximising level o f investmentfor the RJV and 

establish when the RJV chooses to centralise R&D. The first function calculates 

individual points whereas the second is used in conjunction with series o f  points 

for graphs.
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I n  [ 2 1 ] : =  C l e a r A l l [ R j v s ] ;

R j v s  [m_, g_] ; = Module [ {FO, W, p ,  Wt, Ws, T,  i }  ,

FO[n_] := ( l - x ) “'  ̂ (2 v (q^Eg]^ -<1q^ ) )  - y ' / ‘

W[n_] : = 2 V [g]  ̂ -  (1 -p)*^ (2 v (q^Eg]^ -  qo^) ) - n y [ p ]  / . P  -» p [ n ]  ; 

ZeroxEFOEl] ,  4 , p [ l ] ]  ;

Zerox[FGEitt] ,  4 ,  p[m] ] ;

Wt :=MaxEWEl],WEm]];

T := Sii Eg] - (1 - p ) “ (SiiEg] - So) -ny[p]  ;

i  := I f  [Wt == W[l]  ,  l , m ]  ;

Ws ;= I f  [ i  == 1 ,  T / .  {p H. p [ l ]  ,  n -> 1 } , T / .  {p -» pEni ] ,n -> m}]  ; 

a = 2 vq^i  Eg]^ -  2 V ( q ^ [ g ]  ̂ -  qo*) (1 - p [ i ] ) ^  -  i y [ p [ i ]  ] ;

P r i n t [ p ( , i , ) = ,  N [ p [ i ] ] ,  ,
Wsp -  Ws 1

Les —, — ,  ,  a ,  , W [ 1 ] ,  ,  W [2 ] ,  ,  Ws 1 ;
Wsp ■*

]'

C l e a r A l l  [RJPIC, RJMax, c c ]  ;

Remove [RJPIC, RJMax, c c ]  ;

RJMax [g_] : = Module [ {FO, M, p ,  n ,  T,  i ,  aa}  ,

n[n_] := 2vq^j^Eg]^ -  ( l - p ) “ (2 v (q^Eg]^ -Qo^)) - n y [ p ] / . p -  > p [ n ]  ; 

Zerox E (2 v (q^  ̂[g]^ -qg^)  ) -  Y ,  4 ,  p [ l ]  ] ;

Zerox  E ( l - x )  (2 v (q^  ̂[g]^ -  qo^) ) -  Y ,  4 ,  p [ 2 ]  ] ;

M : = M a x E n E l ] , n [ 2 ] ] ;

T := Sii Eg] -  (1 - p ) “ (Sii Eg] - Sq) - n y [ p ]  ;

c c  := I f  [M == n [ l ]  ,  T / .  {p -  > p [ l ] , n -  > 1 } ,  T / .  {p -  > p [ 2 ]  , n -  > 2 } ]  ;

];

The functions below calculate welfare losses for the non-cooperative equilibrium
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just as the functions above do for the RJV equilibrium.

I n [ 2 2 ] : =  ClearA l l [ N C L ,  pr]  ;

NCL [g_] : = Module [ {FO, W, p ,  e ,  p r ,  q} ,

FO := F[g]  * x +  ( l - x )  * (V* q ^  [g]^ + F[g ]  -  v *  q^^) - y ' ;  

W := (1 -  (1 - p ) ^ )  Si i  [g] + (1 -  p)^ S(, -  2 y [ p ]  / . p  q; 

Zerox [FO, 4 ,  q] ;

b = 2 vqj^i [g]^ -  2 V (q ^  [g]^ -Qo^) (1 - q ) " 2  -  2 y [ q ]  ;
a -  b

p r  := ------- ;

r , Wsp -  W , TP r i n t  p  =,  N[q] ,  ,  Lns = ,  ,  ,  bI ;
'■ Wsp ■'

P r i n t [ p r ] ;

]-•

C l e a r A l l  [LiMax, L i ]  ;

LiMeuc[g_] : = Module [ (FO, W, p ,  q} ,

FO ;= F [ g ] x +  ( l - x )  (vq^i  [g]^ + F [g ]  - v f i f )  - y ' ;

Li  := (1 - (1 -  p)^) Si i  [g] + (1 - p ) ^  So -  2 y [ p ]  / . p -  > q ;

Zerox  [FO, 4 ,  q] ;

];

The function below plots the graphs o f welfare losses that are set out at the end 

o f chapter 4, I  provide some further graphs here together with the commands that 

produce them.
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I n [ 2 3 ] :=

C l e a r A l l  [RJPIC, c c ]  ;

Remove [RJPIC, c c ]  ;

C l e a r A l l  [VR, VS, P ic R ,  P i c S ,  P i c L ,  j ]  ;

<< G r a p h i c s ' U u l t i p l e L l s t P l o t '

RJPIC [e_, A_, m_, n_, z_, j3_, <5_, s_,  0_] := Module [ ( i ,  a ) ,

DEFS [A, m, n ,  z ,  Ô,  s ,  0] ;

P r i n t [ a ] ;
N[So] -  N [c c ]

VR := T a b le  [SMax[i]  ; RJMax[i ] ; { i ,  — --------------  i } ,  { i ,  o, 1 ,  e } ] ;
N[So]

...................................................................................  N [ S o ] - N [ L i ]
VL := T a b le  [SMax [ i ]  ; L iM ax[i ]  ; { i ,  --------- —— -------} ,  { i ,  0 ,  1 ,  e } ] ;

N [So]
$ T e x t S t y l e  = { F o n t F a m i l y -» "Times",  F o n t S i z e  1 2 } ;

W-W.
M u l t i p l e L i s t P l o t  [VL, VR, P l o t  J o i n e d  -* Tru e,  A xesL ab e l  -> { g ,  — %—̂ } ,  P l o t S t y l e

W

] ;
];

I n  [24]  : = Below I  i n c l u d e  some f u r t h e r  p l o t s  made

w i t h  t h e  h e l p  o f  t h e  f u n c t i o n  s e t  o u t  j u s t  a b o v e .

I n [ 2 5 ] : =  (**£ A_, m_, n_ ,  z _ ,  /3 <5 s _ ,  <t> _ * * )
RJPIC[ 0 . 0 5 ,  5 ,  2 ,  2 ,  0 ,  0 . 9 5 ,  0,  0 . 7 5 ,  0 . 5 ] ;
RJPIC[ 0 . 0 5 ,  2 ,  2 ,  2 ,  0 ,  0 . 8 5 ,  0 ,  0 . 7 5 ,  0 . 5 ] ;
RJPIC[ 0 . 0 5 ,  2 ,  2 ,  2 ,  0 ,  0 . 7 5 ,  0 ,  0 . 7 5 ,  0 . 5 ] ;
RJPICE0.05,  2 ,  2 ,  2 ,  0 ,  0 . 6 5 ,  0 ,  0 . 7 5 ,  0 . 5 ] ;

0 . 0 9 5 2 3 8 1

0 . 0 9 5 2 3 8 1

0 . 0 9 5 2 3 8 1

0 . 0 9 5 2 3 8 1
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W - W  

W
0.01

0.008

0.006

0.004

0.002
 '  ^  ★ *

g0.2 0.4 0.6

Licensing
Firms

RJV's

W - W j  

W

0.004

0.003

0.002

0.001

g0.2 0.4 0.6

Licensing
Firms

RJV s
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W - W i

w

0.005

0.004 f

0.003

0.002

0.001

0.2 0.60.4 g

Licensing
Firms

RJV s

W - W  

W

0.007
0.006
0.005
0.004
0.003
0.002
0.001

g0.2 0.4 0.6

Licensing
Firms

RJV's

I n  [ 2 6 ] : =  C e l l  ( ( * * e_, A_, m_, n_, z _ , <5_, s_, 0_ * *)
R J P IC [ 0 .0 5 ,  2 ,  2 ,  2 ,  0 ,  0 . 8 5 ,  1 ,  0 . 7 5 ,  0 . 5 ]  

R JP IC [ 0 .0 5 ,  2 ,  2 ,  2 ,  0 ,  0 . 7 5 ,  1 ,  0 . 7 5 ,  0 . 5 ]  

R J P IC [ 0 .0 5 ,  2 ,  2 ,  2 ,  0 ,  0 . 6 5 ,  1 ,  0 . 7 5 ,  0 . 5 ]

RJPIC[ 0 . 0 5 ,  5 ,
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W - W  

W
0.008

0.006

0.004

0.002

g0.2 0.4

W - W

W
0.025

0.02
0.015

0.01
0.005

g

W - W

0.025

0.015

0.005

0.2 0.4 0.6 0.8 1 ^
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W -W

W

0.02
0.015

0.01

0.005

Part 3: The functions necessary to evaluate how a varies.

The definitions below are equivalent to those I  have set out in part 1 above. They 

have been adjusted slightly in order to be used in the functions defined further 

below.
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I n  [ 27]  := C l e a r A l l  [DEFS, <5, s ,  </», v ,  F] ;

DEFS[A_, m_, n_, z_, )3_, s_, 0_] : = 

Module [ {e, c } ,  6 [d e l_ ]  : =
2 — s  (1 + d e l )  

d [d e l_ ]  : = 2 + s  (m + n -  1 -  d e l )  ;
A (1 + c  + c m d [ d e l ]  -  me [ d e l ]  z)

....................... d t a ^ i ] ........................• ...........................................
 ̂ , A (1 + c + c m e [ d e l ]  + c  0  [ d e l ] n - m e  [ d e l ]  z -  c  e [ d e l ]  )

d 6 X _ J  z —

[c_, del_]  ; =

Xq [del_] : =

| x j  [c_, del_]  ; =

d [ d e l ]
A (1 -  c e [ d e l ]  -  m e  [ d e l ]  z)

d [ d e l ]
A (1 -  m e [ d e l ]  z)  

d [ d e l ]  '
A (1 + z + n z e  [ d e l  ] -  n  0  [ d e l  ] c  ) 

d [ d e l ]
A (1 + z + n z  0 [ d e l ]  -  0 [ d e l ]  c)

1 0  d [ d e l ]
A (1 + z + n z e  [ d e l ]  ) 

o'” ' d [ d e l ]
A (1 + c)

x j  [c_, del_]  : =

|x j  [del_] ; =

; [ = _ , d e l _ ]  == ,

V[del_]  : = 1 -  s  ( d e l )  ;

Sq [ver_] : = Xq [v er]   ̂n Jv [v er]  + ^ (1 + s  ( n - l ) ) J  +

The function below will provide plots o f a for given exogenous values o f m, s and 

z and two different values o f 6. Using it I  produced the diagrams forfigure 4.4.1.1 

on page 208. Similar plots are included just below.

I n [ 2 8 ] : =  C e l l (

<< G r a p h i c s ' M u l t i p l e L i s t P l o t '

D e l t a D [e_ ,  A_, nu, n_, z_,/3_, s_, (̂ _] : = Module [ {g  ,  c ,  f }  , DEFS [A,

I n [ 2 9 ] : =  D e l t a D [ 0 . 0 5 ,  2 ,  1 0 ,  2 ,  0 ,  0 . 1 5 ,  0 . 7 5 ,  0 . 5 ]
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1 . 2 5
* ★ ★ ★ ^ ^

0 . 7 5

0 . 2 5

=  1
1 . 7 5

1 . 2 5

0 . 7 5

0 . 2 5

The function below sets out the definitions set out at the beginning o f  part 1 in 

such a way as to be useful in the simulating changes in a when s varies for given 

exogenous parameters. Below that I  include the function that calculates a for two 

values o f s and plots it. 1 also include an example plot.
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I n  [3 0] := C l e a r A l l  [DEFSB, Ô, b ,  4>, v ,  F] ;

DEFSB[A_, m_, n_, z_, /3_, <5_, 0_] i = Mo dule[ ( 8 ,  c } ,

A ( l  + c + c m e [ s ]  -  i n e [ s ]  z)
d[s_] : = 2 + s (in+n - 1 - Ô ) ; [c_̂  s_] : =

d [s]
A (1 + c + cin0[s] + c 6[s] n-m©[s] z - c ©[s] ) x,o[c-,s_] : = ---------------------------------------- ;

A (1 - c0 [s ]  -me[s] z) A ( l -m © [s ]z )
x , [c . ,B. l  : = -------------^ ----------------- ;*.[=-] : = --------^ -'

/~\ . , A (1 + z+ n z0 [s ]  -n©[s] c)
--------------- 3w ------------- '

a.---
v[s_] : = 1 - s (5; Sq [f_] : = [f ] * n (v [f ] + -  (1 + f (n - 1) ) ) +

|x|^[f]  m |v[f  ] + ^ (1 + f (m-1) ) J + f  mnxo [f] |xj [f ] ;

Sii[d_, f_] ;=Xi,[d ,f ]^n (v[f] + i  (1 + f (n -  1) ) ) +

|xj [d, f  ] m |v[£] + i  (1 + £ (m-1) ) J + f mnxii [d, f ] fxj [d ,  £] ; ] ;
11 '  ̂ ' \ /11 

I n  [ 3 1 ] : =  The £ u n c t I o n  b e l o w  i s
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I n  [32] : = C l e a r A l l  [Del taD,  Tabo,  Tabt] ;

<< G r a p h i c s ' M u l t i p l e L i s t P l o t '

DeltaDB [e_, A_, n_, z_, /3_, 6 . ,  su_, sd_, 0_] : =

Module [ {g ,  c ,  f  f  } / DEFSB [A, m, n ,  z ,  /3, Ô, <t>] ; Tabo [u_] ; =

T a b l e [ Sii  [g ,  u] -  So [u]
2 v [ u ]  ( x „ [ g ,  u] - X q[u ] )

, ( g ,  0 . 0 5 ,  1 , £ } ] ; f f  : =

D i f  f  : = Tab le  [Tabo [su] [[cj -  Tabo [sd]  [c]], ( c ,  1 ,  f  f  -  1} ] ;

G = M u l t i p l e L i s t P l o t  [Tabo [ s u ] , Tabo [sd] , P l o t  J o i n e d  -» Tru e,  

T i c k s  -* {None, A u t o m a t ic ) ,  AxesLabel  -* {g ,  a ) ,  P l o t S t y l e  -»

{ { G ra y L e v e l [ 0 ] } , { G r a y L e v e l [ 0 . 3 3 ] } , ( G r a y L e v e l [ 0 . 6 6 ] } } ] ;  

Show[G, Graphics  [Text  [s  = 0 . 7 8 ,  ( 9 ,  0 . 9 6 }  ] ] ,

G r a p h i c s [ T e x t [ s  = 0 . 7 5 ,  {5,  1 . 0 6 } ] ] ] ;  ] ;  

l n [ 3 3 ] : =  D e l t a D B [ 0 .0 5 ,  2 ,  10 ,  2 ,  0 ,  0 ,  1 ,  0 . 7 5 ,  0 . 7 8 ,  0 . 5 ]

1 . 6 5

1 . 5 5

1 . 4 5
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