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Theoretical Approach to Strategic r&d Competition in 
Presence of Network Externalities; with Schumpeterian 
Reflections on Telecommunications Liberalisation Issue

This study concerns the strategic aspects of telecommunications operators’ cost- 

reducing research and development (R&D) in the presence of network externalities. 

Culmination of the study is a theoretical two-stage game of telecommunications 

operator competition. Operators invest in cost-reducing R&D in the first stage, and 

then compete in terms of price in the second stage. The model incorporates the 

fundamental features of strategic R&D investment games and of network 

economics models. The most important features are the market failure associated 

with R&D and the positive externalities associated with network structures. A 

series of numerical simulation runs is carried out to illustrate operator behaviour.

Some traditional patterns are broken in the simulations. Under specific sets of 

parameter values, firms choose to increase their R&D efforts as industry 

appropriability conditions worsen. Differentiation is found to benefit the 

operators. Perfect differentiation, however, is not desirable as the positive cost- 

reducing effects of rivals’ R&D efforts are negated. Demand function’s slope 

affects the model in an intuitive way. Gradually decreasing demand functions are 

associated with higher R&D investments and with higher profits levels than steeper 

demand functions. Firms are encouraged to high R&D investments by the high 

potential demand increase less steep demand functions award. All private market 

structures fall short of socially desirable R&D investment level. Noteworthy is that 

the simulation results are highly parameter value dependent.

Keywords: research and development, spillovers, network externalities,

telecommunications
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Kansantaloustieteen laitos
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Teoreettinen tutkimus strategisesta t&k-kilpailusta verkosto-
ULKOISVAIKUTUSTEN VAIKUTUKSEN ALAISUUDESSA; SCHUMPETERILAISIA
AJATUKSIA TELEOPERAATTORIKILPAILUN LIBERALISOINTIPROSESSISTA

Tutkimus perehtyy teleoperaattorien strategisen kustannuksia laskevan tutkimus- 

ja kehitystoiminnan (T&K) kilpailuvaikutuksiin verkostoulkoisvaikutusten vaiku

tuksen alaisuudessa. Tutkimuksen kulminaatio on teoreettinen kaksivaiheinen 

duopolipeli, jossa teleoperaattorit ensimmäisessä pelivaiheessa valitsevat opti

maalisen T&K-tason ja toisessa vaiheessa asettavat markkinahinnan. Peli yhdistää 

peruspiirteet strategisista T&K-peleistä ja verkostomalleista. Tärkeimpiä piirteitä 

ovat T&K:aan liittyvä markkinahäiriö ja verkostorakenteisiin liittyvät positiiviset 

ulkoisvaikutukset. Analyysin selventämiseksi on suoritettu numeerisia 

simulaatioita.

Simulaatiot paljastavat, että perinteiset T&K-mallien tulokset eivät päde verkosto

ulkoisvaikutusten alaisuudessa. Tietyillä parametri arvoilla operaattorit lisäävät 

T&K-panostustansa, vaikka tietovuodon aiheuttama negatiivinen vaikutus lisään- 

tyisikin. Televerkkojen differointi nostaa yritysten voittoja, sekä kannustaa niitä 

lisäämään T&K-panostustansa. Täydellinen differaatio ei kuitenkaan ole optimi, 

sillä yritykset hyötyvät tietovuodon suomasta kustannuslaskusta. Tosin differaatio 

on optimissaan hyvin lähellä täydellistä. Kysyntäfunktion kulmakerroin vaikuttaa 

tuloksiin intuition mukaisesti. Loivat kysyntäfunktiot kannustavat suurempiin 

T&K-investointeihin kuin jyrkät kysyntäfunktiot. Loivat kysyntäfunktiot sallivat 

myöskin suuremmat voitot. Huomionarvoista on, että simulaatiosta saadut 

tulokset ovat hyvin riippuvaisia parametrien arvoista.

Avainsanat: tutkimus- ja kehitystoiminta, tietovuoto, verkostoulkoisvaikutus,

televiestintä
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1 Introduction

1.1 Motivation of the Study

Unfortunately, the public debate is usually concentrated on the static efficiency of 

monopolies. Anger has been arisen around telecommunication operators’ (telcos’) 

relatively modest price decreases after privatisation and de-regulation in Finland. 

Competition between the incumbents has been revolving more around recruiting 

new subscribers with non-price terms [HS 1.4.1999]. Entrant firms have been very 

keen on pinpointing potential inefficiencies in final product markets. 

Understandably, the entrants are interested in price competition, as not until they 

have scraped up sufficient subscriber base of their own, they have no means to 

compete in non-price terms. CEO of Telia Finland, Mr. Mars recently accused the 

two Finnish incumbents, Sonera and Radiolinja, of collusive behaviour 

[Kauppalehti 17.6.1999]. In the light of recent history, the incumbents have 

actively prevented large-scale entry indeed. The interconnection blockage tug-of- 

war between Telia on one side and Sonera and Radiolinja on the other offers a 

recent case [HS 18.2.1999, 31.3.1999, 1.4.1999, 2.4.1999, 7.4.1999, 15.4.1999, 

17.4.1999, 4.5.1999 24.6.1999a; Kauppalehti 18.2.1999, 19.2.1999, 7.4.1999]. 

Yet, this is only natural firm behaviour. Unhealthy interest in price competition 

raises worry. The crucial feature in economics is dynamic efficiency, not static. By 

pursuing unreasonable static efficiency, the government easily destroys dynamic 

efficiency and long run welfare. Outcome is far more devastating economic 

problems than the achievable short-term static efficiency benefits.

Schumpeter [1987, pp. 81 - 86] points out that price competition is not the 

dominant form of modem industrial competition, as it has never been. A crucial 

battle is done in the field of technological advancement. Absolute price leadership 

is less and less meaningful. Fastening technological advance shortens viable 

product life cycles, which forces firms to recover the incurred research and 

development (R&D) costs in less time than earlier [De В ondt 1996]. This is 

especially true in the fields of high technology - naturally - and in
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telecommunications (telecoms). Innovations and inventions are the real 

competition and revenue drivers. Modem industrial tendency has been towards 

realisation of global networks, where innovation is the key to success. Today, even 

more than in the age of Schumpeter, firms compete from new commodities, new 

technologies and new sources of supply with new types of organisations - 

“...competition which commands a decisive cost or quality advantage which 

strikes not at margins of the profits and the outputs of existing firms but at their 

very foundations and their very lives...” [along Schumpeter 1987 p. 84]. Price 

competition and allocative efficiency are no longer optimal: from the firms’ point 

of view, due to the need to destroy present income sources in the search of new 

ones; and from the social planner’s point of view, due to the importance of long 

run dynamic welfare in economy.

Modem high technology and telecoms industries base on network structures. 

Networks present increasing returns, which cause value to be generated by size 

and compatibility. Network economics seem to abandon the old mies economists 

have been clinging to. Certainly, the traditional assumptions on decreasing returns 

and atomistic firms belong to economic history, if not permanently but for the 

time being. As Kelly [1997] puts this: “The new rules governing this global 

restructuring revolve around several axes. First, wealth in this new regime flows 

directly from innovation, not optimization; that is, wealth is not gained by 

perfecting the known, but by imperfectly seizing the unknown. Second, the ideal 

environment for cultivating the unknown is to nurture the supreme agility and 

nimbleness of networks. Third, the domestication of the unknown inevitably means 

abandoning the highly successful known - undoing the perfected. And last, in the 

thickening web of Network Economy, the cycle of “find, nurture, destroy” 

happens faster and more intensely than before.” Yet, Kelly’s [1997] cycle of 

find, nurture, destroy' is the same of Schumpeter’s [19871, pp. 81 - 86] concept 

of ‘Creative Destruction’ - nothing more or nothing less. Schumpeter understood

1 First edition of Schumpeter’s ‘Capitalism, Socialism and Democracy' was published in 1943.
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the laws of Creative Destruction already in the 1940’s half a decade ago! He saw 

that firms need to cannibalise their present business and create new, if they want 

to survive. The ‘perennial gale' of Creative Destruction is not restricted within 

industries, but it hits all industries across traditional industry boundaries. Evans & 

Wurster [1997] show how Encyclopaedia Britannica failed to master new 

competition from the computer. The introduction of a CD-ROM encyclopaedia was 

not the source of Creative Destruction. The real source was the computer, which 

took encyclopaedia’s role as an educator. The CD-ROM encyclopaedia just 

happened to follow as a freebie. The encyclopaedia market was knocked down by 

a totally new source of competition.

In the presence of increasing returns, it has become of utmost importance to gain 

market share. High absolute number of consumers (subscribers in telecoms) is not 

sufficient to secure success. Of equal importance is to gain high market share vis- 

à-vis rivals, and particularly to master the change in industry’s value-chain. If a 

firm fails in this, it faces a certain death as the uncompassionate forces of 

increasing returns overwhelm. A firm capable of mastering the realm of increasing 

returns thrives and gains the power to bring its rivals to ruins. New information 

business firms that are champions in R&D and exploitation of increasing returns 

are usually also major restructurers of industry value-chains.

Schumpeter [1987, p. 85] recognises that apparent competition is not the full 

picture of the capitalist competition. Continuous threat of entry works as an 

equally powerful force as apparent competition. Due to this pressure, incumbent 

firms need to stay on their toes and adapt to the dynamics of Creative Destruction 

in order to survive. Contemporary telecoms market faces intense rivalry. Most of 

the rivalry is due to rapid technological progress and subsequent change in value- 

chain structure, which has rendered the whole telecoms market feasible for 

competition and created completely novel competition. Today most European 

telecoms markets have been liberalised for competition - and competition is 

intense. Where only a decade ago a state-owned monopolist was the norm, today 

the market is contestable and under continuous pressure by entry.
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Where the dynamics of Creative Destruction and network economics takes us, is a 

constant competition for market share. Large firms appear to have secured their 

position, but this is only a reflection of latent evolution. Regardless of increasing 

returns and potential industrial lock-ins, large firms are constantly contested. 

Innovation is the only survival route for them. Smaller firms on the other hand 

have to create new and destroy the present business. Without obsoliting the 

present business no entrant can penetrate the market dominated by incumbents.

Although the concepts of network economics and competition in R&D are today’s 

fad, these issues are not so new as they seem. Arthur [1990] enlightens the 

difficult start of economics of increasing returns. He notes that the concept of 

increasing returns was in fact first presented by Marshall already in 1890, but then 

forgotten. The latest wave of network economics revolution begun in the 1980’s 

initiated by the seminal works of Arthur [1989]2 and David [1985]. In respect to 

theory, the ideas have been latent but founded. Rather, the new wave of network 

economics is stimulated by the real world phenomena. The business concepts of 

firms such as Microsoft and Netscape, or Sonera and Nokia, base on increasing 

returns created by network structures and R&D competition. Therefore modelling 

modem telecoms requires additional factors to price. In this thesis competition is 

regarded as a competition in R&D and price.

1.2 Organisation of the Study

Chapter 2 lays basis for the thesis. It introduces the fundamental concepts 

associated with R&D and networks. Chapter 3 takes a deeper look into R&D and 

networks modelling. Chapter 4 is the culmination of the thesis. In that chapter, a 

compound model integrating central features of R&D and network economics is 

created. Chapter 5 provides numerical experiments for the theoretical formulation 

of the compound model. Chapter 6 discusses some model extensions that are of 

interest and importance. Main effort in that chapter is to point direction for further

2 Noteworthy is that Arthur's [1989] paper is preceded by his earlier working paper version appeared already in 1983.
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study. Chapter 7 concludes the thesis with a summary of central findings and with 

some policy issues.

Even though, the discussion and formulation of the compound model follow the 

traditional line of economic thought, the discussion diverts occasionally from the 

main stream economics3. The way I observe the modem world economics is not 

sufficiently characterised by the traditional textbook economics. Increasingly 

important non-price competition, particularly R&D competition, and network 

stmctures are not captured in naïve textbook analysis. Moreover, the power of 

colossal transnational companies, such as Microsoft, AT&T and General Motors, 

is so large that they can make the mies of competition. The elite in charge of these 

transnationals does not necessarily work according the profit maximising 

constraint. Therefore, understanding of the behaviour of the transnationals needs 

understanding of the behaviour of the elite.

3 Especially, the standpoint of the monopoly capitalism school of thought receives attention (see Sawyer [1988] for a 

survey on the monopoly capitalism literature). The discussion also introduces some management issues, which are related 

to the economic main analysis.



6

2 Set-up for the Study

Fundamental concepts of economics of R&D and networks are discussed in this 

chapter. The literature in both fields has grown in the past two decades 

significantly. Common feature is that the studies tend to base on a certain set of 

fixed initial assumptions. With a different set, the results may very well be the 

opposite. However, with comfortable reliability a distinguishable set of common 

patterns can be established. These patterns are presented here. The chapter closes 

with reflections on the telecoms de-regulation issue. Although the discussion here 

is extensive, it is here to help understand foundations and future of the present 

state of mobile telecoms competition modelled in chapter 4.

2.1 Properties of r&d

It is first useful to discuss the nature of technological change. Technological 

progress is the ultimate engine of economic growth. In the thesis’ motivation, it 

was argued strongly that capitalist firms optimise their production and particularly 

their R&D investments in the presence of increasing returns and forces of Creative 

Destruction. Creative Destruction secures continuous progress in the economy. 

Increasing returns on the other hand lead the economy towards technological 

standards. The escape from a locked-in (standardised) technological path demands 

a significant break through in science. Conventional improvements in technology 

are frequent and improve the position of incumbent firms, but a major 

discontinuity in technology destroys the foundations of predominant firms. De 

В ondt [1996] talks about ‘ Competence destroying discontinuities’, which require 

completely new skills, abilities and knowledge. Competence destruction is the 

eventuality for small entrants to emerge, and gain significant market position. De 

Bondt [1996] distinguishes also ‘Competence enhancing discontinuities’, which 

introduce major innovations, but do not destroy the existing, but simply add and 

build on the prevailing technology. In the realm of increasing returns, only the 

competence destroying discontinuities present a threat for large incumbent firms. 

Modem telecoms are living in post-destruction era. Old public switched telephone
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networks (PSTN) are superseded by mobile domain of communications. In basic 

mobile telecoms, technological progress has already turned competence 

enhancing, but the next destroying discontinuity is looming around the comer.

2.1.1 General Properties of R&D

Definitions and Schumpeterian Trilogy. Terminology in economics of 

technological change is quite colourful. Although usually there is no problem 

understanding the different usages of different terms, a specific terminology will 

be fixed for this thesis. The terminology follows closely that adopted by Stoneman 

[1995] in his handbook. I believe that his jargon depicts well the different stages 

of knowledge generating activities, as well as different activities associated with 

knowledge generation. Fast evolution within the telecoms sector causes problems. 

Boundaries of many activities are more blurred than in sectors that are more 

conventional. Therefore there might occur some obscurity in terminology, but I 

believe that any possible confusion is dispelled with the context. Terms 

‘innovation’ and ‘R&D’ are the most often resorted to.

The Schumpeterian trilogy is a commonly used grouping of knowledge generating 

activities into different phases. Despite the clarity of the grouping, caution should 

be taken not to understand the trilogy as a linear process. There are feedbacks to 

all preceding stages. Technological leapfrogging is also possible. In the first stage, 

invention process generates new ideas. Second stage, innovation process, is the 

development of inventions into marketable products and processes. Third stage is 

diffusion, where innovations are spread across the economy. In diffusion stage, 

innovations have impact also on other interest groups than the innovating sector. 

Diffusion consists of deliberate spread and involuntary leakages of technology. 

[Stoneman 1995]

In addition to the above time division, R&D may be separated into product and 

process R&D. Product R&D focus on creation of new products. Process R&D, on the 

other hand, aim at creation and improvement of production processes of existing 

products. By adopting a broad sense of the word R&D, all new knowledge, such as
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new financial instruments and managerial practises, can well be incorporated 

either in product or process R&D.

A complementary grouping of R&D can be made to basic and applied R&D. Basic 

R&D generates completely new knowledge. Traditionally basic R&D have been 

thought to be associated with university and other non-profit laboratory research 

carried out by scientists driven by scientific ambitions. Regarding to the 

Schumpeterian trilogy, basic R&D would fall the most commonly in the invention 

stage. Applied R&D are more related to turning new knowledge into economic 

applications such as new products or new production methods. Applied R&D are 

more usually undertaken by technologists in private ventures in pursuit of 

pecuniary profits. Applied innovation would fall into the innovation stage of the 

Schumpeterian trilogy. [Tiróle 1988, pp. 389 - 390]

Product and basic R&D have stronger impact on economy than process and applied 

R&D. They affect economic fundamentals creating technological discontinuities. 

From microeconomic features, the discontinuities explode to macro-world. We 

have been fortunate to witness the discontinuity taking place in telecoms, and how 

it has changed not only the Finnish champion Nokia, but also subsequently the 

whole basis of Finnish economy and eventually the world economics. For a firm, 

basic and product R&D set a formidable challenge. Commitment to product or 

basic R&D must be accompanied with managerial competence of restructuring the 

business environment, and most commonly this requires mastering the chaos that 

emerges from unpredictable sources of competition. Furthermore, the 

discontinuities due to radical innovations are today accompanied with the 

dynamics of increasing returns. Therefore, any basic R&D venture is not only risky 

in respect of the financial investment, but more importantly, it is risky because of 

the challenge it lays in front of the firm management. Process and applied R&D, on 

the other hand, cause less radical effects on the economy. Rather, their 

implications are incremental improvements in products and processes. Results are 

usually lower production costs or augmented demand, which do not destroy the 

existing structures.
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R&D Incentives. Usually r&D incentives are thought to be represented solely 

by the pure financial compensation of post-innovation rents from new products or 

due to reduced production costs. However, the incentives are a broader issue 

[Death et al. 1995]. If the purely financial compensations are ‘stand alone’ 

incentives, the strategic incentives are more driven by firm interaction. Firms do 

R&D in order to position themselves better in the market - to gain strategic 

advance. A firm with superior technology (e.g. pure cost advantage) has more 

room to operate in the market, maybe due to increased market share. The fear for 

losing strategic advantages equally affects firms’ R&D decisions. If the alternative 

for doing R&D produces even greater loss, firms may engage in strategic R&D even 

if the net value of own R&D is negative. It is this competitive threat by rivals that 

partly induces R&D. Strategic incentives are difficult to measure, and it is not 

crystalline that the leader in R&D is the optimal strategy. Follower may as well 

gain the highest profits, if for example R&D costs are high and imitation is easy.

Market Failure Associated to Knowledge and r&d. Knowledge and 

knowledge producing activities are hampered by all of the three main traditional 

types of market failure, namely indivisibles, uncertainty and inappropriability (the 

inappropriability problem is also referred as the problem of externalities) [Arrow 

1962, a more contemporary discussion by Geroski 1995a], This makes study of 

R&D competition interesting not only from social planner’s point of view, but also 

equally from firms’ point of view as market failure offers great possibilities to 

gain extraordinary profits. I would add Arthurian technological lock-in effect 

caused by increasing returns to the traditional list of market failures. Though the 

lock-in effect bases on positive (network) externalities, it is a distinct problem 

from the externalities (or inappropriability) problem commonly associated with 

R&D, as it will be seen in sections 2.2 and 3.2. Technological lock-in is 

particularly interesting in the context of telecoms. Even if increasing returns to 

R&D can be contested, the network economics prevailing in telecoms strengthen 

the lock-in dynamics, and therefore cause a distinct market failure, which 

emphasises the interaction of firms.
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Indivisibles drive firms’ marginal costs below average costs creating incentives 

for firms to monopolise markets. R&D involve substantial set-up costs. Whereas, 

the marginal cost associated with utilisation of knowledge is less than the average 

cost of generating this knowledge [Teece 1980]. Thus, like other strategic 

investments, R&D have tendency to produce economies of scale and scope. 

Economies of scale and scope both reduce firms’ marginal costs with output. As 

marginal costs lay below average costs, firms are able to gain positive 

extraordinary profits. Large R&D investments have potentiality to yield 

proportionately higher benefits, e.g. lower production costs or increased number of 

new products, whereas comparably smaller R&D investments may yield only slight 

improvements. Economies of scope on the other hand are drawn from the links 

between different activities. R&D can act as a support activity to other firm 

activities. For example manufacturing, marketing and finance activities benefit 

from innovations that lower associated common costs and thus reducing unit 

costs. Knowledge generated in R&D thus is the common jointly utilised input that 

evokes economies of scope. For a diversified firm, exploitation of economies of 

scope is facilitated, if the organisational structure of the firm favours efficient 

production and intra-firm transfer of technology [Teece 1980]. Basic and applied 

R&D differ somewhat in respect to costs. Basic R&D usually require higher fixed 
set-up costs.

R&D do not only produce static economies of scale and scope. Even more 

importantly, they create dynamic economies of scale and scope [Spence 1984]. 

R&D can also be applied to erect barriers to entry. Initial static market inefficiency 

has thus tendency to remain or even increase with impeded entry. Dasgupta & 

Stiglitz [1980a, 1980b] prove this. Their theoretical model exhibits dynamics, 

which favour ‘monopolistic industries to remain monopolistic’.

Scherer & Ross [1990, pp. 618, 651 - 654] question arguments supporting 

economies of scale in the R&D function. They support Arrow’s [1962] view of 

individuals being more important as innovators, but caution simultaneously that 

large corporations do present high number of innovations. What creates a



11

favourable bias towards large firm size in R&D are scale and scope economies in 

supporting activities generated by R&D. Large firms can also attract better 

technologists by offering lucrative contracts, which smaller firms cannot meet.

R&D involve extra uncertainty over normal risk. Obviously, R&D projects are 

never certain to end in a successful marketable invention. Risk aversion biases the 

allocation of resources as the highest risk firms fail to get funds. There are a 

number of devices targeted to mitigate the market failure due uncertainty, but 

most are at best incomplete and many provoke further problems such as moral 

hazard, x-inefficiency and the principal-agent problem if applied incorrectly. 

Alternative way to look at knowledge is to look at it as a commodity. Efforts to 

allocate risk induce a market for knowledge (information). An example is the 

stock market, where firms shift risk to investors who have to acquire information 

in order to gain adequate understanding to be able to make proper investment 

decisions. Intangible capital generated in R&D has a positive effect on 

(manufacturing sector) firms’ stock market valuation [Hall 1993]4. Uncertainty, 

cost of generation and transmission of information and the asymmetries that 

prevail between economic agents create distortions in trade of knowledge, which 

causes the valuation of knowledge to be imperfect. Arrow [1962] claims that the 

imperfections lead to lower demand of knowledge than would be socially optimal. 

Again basic and applied R&D present differences. Basic R&D are more usually 

more risky in purely financial sense and in the sense of managing the 

discontinuities in economic evolution. On the other hand, basic R&D have the 

capability to generate more possibilities to claim back costs. Innovations from 

basic R&D may be applicable to a number of different functions, whereas applied 

R&D is more generally focused to solve a certain problem. From this standpoint, it 

can be argued that basic R&D provide higher returns, especially from the economy

4 The collapse of R&D valuation in mid-1980’s in fact was a result of one or two important firms having a bad spell and 

subsequently writing off of the R&D expenditure. However, R&D do have a positive effect on market valuation 

[Economics of Technological Change Seminar], Whether the stock market valuation is correct is questionable issue. High 

technology firms listed in Helsinki Stock Exchange seem to be expected to reach astronomical growth rates.
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wide standpoint. In addition, risk assessment of R&D and future gains from R&D 

are more likely to be incorrect with basic than with applied R&D.

Inappropriability may be the most severe of the market failures, which plague 

knowledge and R&D. Knowledge and R&D exhibit public good characteristics, 

namely non-rivalry and non-excludability [Spence 1984]. Non-rivalry implies that 

knowledge’s value is not reduced, if other economic agents than the owner use it. 

Non-excludability makes the holder of knowledge unable to restrict others of 

having use of it. The market failure of public goods arises from the difficulty of 

determining correct value and property rights for knowledge [Gravelle & Rees 

1992, pp. 512 - 516]. Although laws have been set to establish property rights, 

supervision usually is difficult and costly. New technology always eventually 

spills to rivals. Furthermore, valuation of R&D and knowledge is usually difficult 

to do correctly despite the many advanced valuation methods [Technology 

Management and Policy Seminar]. The market failure (i.e. spillovers) causes a gap 

between social and private returns to R&D, which in turn causes socially sub- 

optimal allocation of resources in R&D. If the innovating industry is laid on a 

broad technological base (large ‘pool’ of technology spillovers), innovations are 

more easily applied by others. Poor appropriability conditions and ease of 

technological diffusion reduce the level of post-innovation monopoly rents, 

because the innovator is unable to protect his monopoly position in the post

innovation market, if competitors acquire access to new knowledge without any 

compensation paid to the innovator. Spillovers in general reduce the possibilities 

to profit from innovations. If rivals are able to follow quickly and introduce 

competing goods, the innovator will be drawn into a product market competition 

sooner. Narrowed potential to gain post-innovation monopoly rents reduces the 

financial incentives to take up R&D. Similarly to R&D incentives, spillovers too 

can be separated to two groups [Griliches 1992]. Pecuniary spillovers are the 

direct decrease of real input prices due competitors innovative activity. Non- 

pecuniary spillovers are the positive impact on productivity caused by competitors 

innovative activity.
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In addition to harmful involuntary spillovers, firms may allow deliberate leakage 

of new knowledge or actively take part in knowledge sharing. Voluntary spillovers 

include e.g. licensing agreements, R&D joint ventures, embodied knowledge in 

capital goods, and direct knowledge trade. Involuntary spillovers are caused by 

e.g. employee movement, science conventions, reverse engineering, and industrial 

espionage. Lax legal environment eases involuntary flow of knowledge, which 

may favour voluntary knowledge sharing.

From another point of view, rather than autonomic phenomenon spillovers can be 

regarded as a result of rivals’ active efforts to learn about other firms’ technology 

[Goel 1995]. Instead of investing in R&D themselves, firms spend resources in 

rummaging rivals’ technological expertise. In addition, technology adoption often 

calls for significant leaming-by-doing efforts. Therefore, not only do spillovers 

reduce incentives to undertake R&D; they also divert resources from R&D to 

copycatting. Spence’s [1984] findings underline the spillovers problem. He finds 

that spillovers cause firms’ R&D incentives only to be, at best, one third of the first 

best optimum. Griliches [1992] agrees and reports that R&D spillovers are quite 

large and consequently the gap between social and private rates of return is wide.

Spillovers are quite troublesome in economic analysis, as they cannot be seen 

unambiguously bad. From static point of view, they drive a wedge between social 

and private returns to R&D. Outcome is a bias towards underinvestment in private 

R&D. From private point of view they are bad, but from social point of view they 

are more of good. Spillovers cause intensified competition, which offers 

consumers new technology at more favourable terms. From dynamic economy

wide point of view, spillovers are more unambiguously good. Fast diffusion of 

knowledge across the economy lays basis for faster further development and 

increased knowledge base of the economy makes exploitation of new applications 

feasible. In addition, spillovers enable other firms to leapfrog to R&D on future 

technologies hastening the overall pace of technological advance. Goel [1995] 

summarises the efficiency implications of spillovers. He notes that spillovers 

reduce static efficiency due to imperfect appropriability. However, they might
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induce higher dynamic efficiency as diffusion of technology is hastened. The 

financial loss due to knowledge leakage to rivals will undoubtedly discourage 

private R&D. However, the strategic incentives of R&D may encourage firms to 

actually favour spillovers. If firms are competing for an industry standard, the R&D 

performers may incite spillovers in order to group rivals under own technology 

umbrella. If market share is the key profit driver, then it is evident that innovating 

firm will choose to distribute knowledge e.g. by promoting spillovers.

Baumol [1992] discusses the welfare implications of horizontal collusion in R&D 

activities. Contrasting the well-known adverse effects of product market collusion 

on economic welfare, collusion occurring in R&D competition may in fact under 

certain conditions increase welfare. Theoretical support is found by for example 

d’Aspremont & Jacquemin [1988, 1990] and Kamien et al. [1992] (see chapter 3). 

Baumol [1992] is concerned of a possibility that collusion in one sector is easily 

extended to others. Furthermore, he recognises the rise of stagnative forces in any 

collusion. An entity with monopoly power has always incentives to protect present 

profits. In this context, it means of retarding technological advancement to extend 

life cycles of present products. The positive sides of R&D collusion correct the 

market failure [Baumol 1992]. Firstly, innovation is expensive and thus cost 

sharing reduces individual R&D expenditures. Secondly, collusion reduces 

individual risk, as it is borne by larger number of firms. Thirdly, colluding sides 

achieve significant advantage over third parties, which increases R&D incentives. 

A warning here is in place. Baumol’s [1992] claim reflects Galbraith’s [1952] 

well-known claim that ‘fleeting rewards of head start' are inadequate for small 

firms to take up R&D. Baumol [1992] regards the advantage of the collusive entity 

relatively large. Griliches [1992] notes that spillovers always take more time to 

make effect than own R&D efforts due to secrecy, diffusion time and learning. 

However, Baumol’s [1992] argument is somewhat questionable with modem 

business. Product life cycles are shortened, and next generation technology 

outdates present one in faster cycles diminishing the value of the head start 

advantage collusion partners achieve.
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De Bondi [1996] offers a complementary separation of spillover effect. He 

summarises the relationship of firm-specific cost-reducing r&d and spillovers in 

two forces. Firstly, strategic R&D investment for cost reduction enables R&D 

performer to gain market share (but due to spillovers, competitors are able to 

protect their market shares to some extent). De В ondt [1996] calls this effect 

‘competitive leakage'. Secondly, as all firms eventually operate at lower cost 

level, the demand they face is higher, and this consequently spurs extra R&D 

effort. This effect he calls ‘market expansion effect'. Goel [1995] shows the 

importance of asymmetric treatment of spillovers. Both industry and firm specific 

features play an important role. Firms may choose to increase or decrease own 

R&D efforts, when rival increases his R&D depending on firm specific R&D 

productivity and hazard rates. Hence, assuming that the two forces are the same 

across all firms is an oversimplification of real world. The assumption, though, is 

a common one.

Geroski [1991] gives empirical findings on the effects of spillovers and 

commercially major technological innovations on technological advancement and 

on economic performance. Geroski’s [1991] study sample is easily split into two 

groups: innovations producing and using sectors. This implies that industries 

differ both in use and in production of innovations. He further identifies existence 

of two innovations producing groups, namely engineering (comprising machinery 

and mechanical engineering, instrument engineering and electronics) and 

chemicals. The innovations using sector comprises non-manufacturing sectors. 

Geroski [1991] finds that R&D embodied in products has greater effect on (labour) 

productivity than the R&D process itself. Innovation production process has 3.7 

times smaller effect on labour productivity than innovations that are used in 

production. His discovery underlines the positive effects of inter-industry 

spillovers for the economy as whole. Notable amount of knowledge spills from 

innovations producing sector to the using sector, whereas knowledge flows 

between neighbouring industries (i.e. within either producing or using sector, two- 

digit industry neighbours) have only minor effect on labour productivity. Goods 

that the innovations producing sector sells to the innovations using sector are
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commonly capital goods. Therefore, it is not surprising that innovations embodied 

in these goods have such a large effect on productivity. The high level of inter

industry spillovers indicates generally imperfect appropriability conditions. 

Griliches [1992] does not regard knowledge embodied in capital goods as real 

spillovers. In addition, he sees the associated market failure a cause of imperfect 

valuation of capital goods and of the embodied knowledge.

Levin et al. [1987] show that industries vary in capabilities in appropriating R&D. 

Process R&D are generally more effectively protected by secrecy, lead time and 

learning requirements. Product R&D on the other hand are best protected by sales 

and service efforts, lead-time and learning advantages. Patents are more effective 

for product than process R&D. The mean effectiveness of patents for 

communications equipment industry products was in Levin et al. [1987] study 3.6 

out of 7, and for communications equipment industry processes 3.1 out of 7. 

Highest score for product R&D was 6.5 for drugs industry. The highest score for 

process R&D was 4.9 for drugs and for petroleum refining. Another interesting 

point in Levin et al. [1987] study is that they report own R&D efforts to be the 

most effective way to learn about rival technology. This partially explains why 

spillovers are generally found significant. Learning efforts ease the adoption of 

rival technology. Finally Levin et al. [1987] show that large innovations are 

generally more time taking and more costly to duplicate, regardless of the type of 
R&D.

Remedies for Market Failure. Geroski [1995a] brings forth two remedies, 

though not necessarily perfect, for the adversity of unequalling social and private 

returns. Firstly, he notes that in trade of knowledge also the buyer has to be well 

informed about the qualities of new knowledge. Although it is costly to acquire 

information about the new knowledge, all information alleviates the problem of 

asymmetric information in knowledge trade. Therefore, the price for new 

knowledge is set, at least, close to its true value. Second remedy arises from 

distinguishing between, what he calls ‘discovery’ and 'foreknowledge'. Discovery 

is uncovering something new which is not foreseeable. Foreknowledge is the
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prediction of the future implications new knowledge brings. Because the innovator 

acquires foreknowledge during his R&D process, which other economic agents do 

not possess, the innovator can capture higher rents by being a post-innovation 

market leader. This causes the private return to a discovery to be less than the 

social return, but the private return to foreknowledge to exceed social return, due 

to information advantage the discoverer gets. In sum, it is the high private return 

to foreknowledge, which reduces the gap between social and private returns to 

R&D. Acquisition of foreknowledge is the essence of technology leader strategies.

There exist many well-known devices, such as patents, awards and government 

contracting to correct market failures. Levin et al. [1987] show that active efforts 

to block knowledge leakages raise duplication costs. However, in some industries 

patents on the contrary reduce time and costs of innovation duplication, hence 

improvement of appropriability conditions by enforcing patenting does not 

necessarily narrow the gap between social and private rates of return to R&D. 

Spence [1984] argues against improvement in appropriability conditions in order 

to rectify the market failure. Improving appropriability conditions is only the 

second-best solution. Although, he finds that industry R&D performance improves 

with amelioration in industry appropriability conditions, the performance 

improvement remains less than what is attainable with an optimal subsidy. In fact, 

he claims that improvement in appropriability conditions does increase firms’ 

incentives, but it causes excessive duplication in R&D. The potential gains will be 

achieved with higher R&D costs. Moreover, if improvement in industry R&D 

performance is desired it would be beneficial to introduce optimal subsidies in 

high spillovers environment. Spence [1984] summarises that a public good (here: 

new technology) is better to supply publicly or subsidise a firm to supply the good. 

Alternatively, the government actions could target the market structure instead of 

subsidies or improvement of appropriability conditions. Kamien et al. [1992] and 

d'Aspremont & Jacquemin [1988] show that R&D co-operation can increase 

welfare. Especially, Kamien et al. [1992] show that R&D joint ventures are 

socially desirable, as long as the co-operation does not infiltrate final product 

markets.
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The focus of my thesis is not the evaluation of remedies for market failure. 

Therefore, wherever any discussion on government corrective policies arises, it 

must be borne on mind that the target is to increase firms’ incentives, without 

consideration whether the corrective policy is first best.

2.1.2 Schumpeterian Hypothesis

Introduction. Schumpeterian hypothesis is one of the most debated issues in 

economics of innovation and the social costs of monopolies. The basic idea is that 

monopoly power is required to induce knowledge generating activity. It is 

undisputed fact that post-innovation monopoly power is required to induce R&D at 

all. Firms should be compensated at least for the incurred R&D costs either by 

allowing them to gain positive monopoly rents or allow an award for the 

innovation. The highly questioned argument on the Schumpeterian hypothesis is, 

whether pre-innovation monopoly power spurs innovativeness, and what is the 

most favourable market structure for innovative activity? The traditional basic 

view holds that monopoly power and industry concentration are positively 

correlated with the pace of technological advance.

The Schumpeterian hypothesis links to the telecoms privatisation issue in 

technology policy. For example, in an (increasingly) high technology sector 

dependent country like Finland, technology policy gains the paramount 

importance. Tendency has been in Finland that the whole economy becomes more 

dependent on the high technology sector, which in turn has to stay on the cutting 

edge of technological progress in order to stay competitive. One major rationale 

behind national champions is to secure technological progress. Contrasting the 

importance of rapid technological change with the basic Schumpeterian 

hypothesis, government privatisation programme should not in any case reduce 

firm size and industry concentration, which was the centre of the U.S. telecoms 

de-regulation programme. However, the basic Schumpeterian hypothesis is most 

definitely incomplete and dated as a concept. Contemporary view is that 

competitive pressure and threat of entry are more important than present market 

structure in determining the pace of technological advance. In this respect,
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privatisation should always be accompanied with market de-regulation and 

reduction of barriers to entry.

Historical Notes. Schumpeter [1987, pp. 82 - 86] argues that the capitalist 

economy is characterised by organic growth of firms and economy. Allocative 

efficiency in the product market is not necessarily the best, as a market failure to 

reach (static) efficiency in the classical sense may in fact be a condition for the 

long-run optimality. He argues further that perfect competition is in fact 

impossible to reach. The present market situation is partly a result of past events, 

and partly a reflection of the future. Large firms should not be regulated to operate 

as under perfect competition. What he demands is that the trade-off between 

present allocative inefficiency and economic progress must be accepted, as there is 

no escape to achieve the best of both worlds. The firms in such economy do not 

administer the present resources in order to exploit consumers with the highest 

price they can get. On the contrary, above marginal cost pricing is preparation for 

the future, which introduces better and cheaper goods as Creative Destruction 

drives firms for innovation. “Capitalism, then, is by nature a form or method of 

economic change and not only never is but never can be stationary [Schumpeter 

1987, p. 82].”

Galbraith [1952] goes even beyond Schumpeter’s [1987] arguments to recognise 

the large (American) capitalist firm as 'an excellent instrument for inducing 

technical change' [Galbraith 1952, p. 86]. He claims that perfect competition 

impedes technological change. Dunning [1985] brings forward large transnational 

firms as excellent avenue for global transfer of technology. Cowling & Sugden 

[1994] pinpoint that transnational firms’ technology transfer is targeted to serve 

large-scale production techniques, which seldom benefit the local production 

techniques. Galbraith [1952] bases his view on firms’ needs to have enough 

market coverage to have any incentives at all to do R&D, as they cannot deter 

imitation. This is possible only, if firms’ size is large enough. He also claims that 

most cheap innovations have already been made (already in 1950’s). The ‘fleeting 

rewards of head start' are not adequate for a small firm to take up R&D. The
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higher must firms’ monopoly power be, the higher and more sophisticated new 

technology is. Finally, where Schumpeter [1987] justly emphasises the 

competitive pressure from rivals and entry, Galbraith [1952] emphasises the 

pressure from the government. Galbraith’s [1952] need to protect large firms is 

justified, if one takes as positive view on an American capitalist firm as the engine 

of technological progress as he does.

Direct and Indirect Effects of Pre-innovation Monopoly Power on 

Innovative Activity. The effect of pre-innovation monopoly power on 

innovative activity can be separated into direct and indirect effects [Geroski 1990]. 

Referring back to the discussion on R&D incentives, if the ‘stand alone’ financial 

incentives are linked with the direct effect of monopoly power, the strategic 

incentives are more associated with the indirect effect of monopoly power on 

technological advancement.

The direct effect is on the level of post-innovation profits. The higher the level of 

post-innovation profits is, the more eager are firms to innovate. Large firm size 

clearly eases appropriation of innovation rents by enabling a capture of larger 

post-innovation rents compared to a smaller firm size. Furthermore, scale 

economies in R&D function and in supporting activities (marketing, logistics etc.) 

are an obvious positive determinant of the direct effect. High present profits level 

enable firms to employ better quality researches by providing them better benefits 

and resources. Large firms have higher capability to finance R&D internally, in 

addition to potentially more beneficial terms for outside finance. Large scale 

allows to spread fixed R&D costs over higher level of output, thus reducing the 

unit cost of R&D and raising R&D margins. Large firms may seek specialisation 

benefits by separating R&D activities from other activities, e.g. by supporting 

research laboratories with no own means of finance. Large firms may also find it 

easier to expand. With higher level of expansion, firms can reap larger profits 

from the innovation than a small firm which may have to satisfy with expansion 

within local market.
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Uncertainty associated with R&D raises its costs. This uncertainty can be reduced 

either by supporting many separate projects aiming to a given end, or supporting 

many different projects leading to many different ends. Diversification strategies 

to reduce uncertainty require resources, which are either diverted from other 

projects, or resources sought from outside. Hence, larger firms with more 

available resources have an advantage over smaller firms [Kamien & Schwartz 

1982, pp. 24 - 25]. Risk bearing and R&D must be seen as separate activities. With 

outside R&D finance this separation creates a problem of moral hazard. If an 

inventor can strip himself out of all risk by acquiring outside finance, he 

simultaneously reduces his incentives to pursue R&D with maximum effort. Small 

firms are more bound to rely on outside finance, so the moral hazard problem is 

more acute in a competitive market. On the contrary, a large firm (monopolist 

with internal finance) bearing all risk by itself does not diminish incentives. 

Venture capital offers a good example, where an outside financier is concerned 

with management’s effort [e.g. Sääskilahti 1997, pp. 15 - 21]. Firm or R&D 

project valuation is also more uncertain with small firms. Small firms face risks, 

e.g. higher probability of bankruptcy or higher vulnerability to general economic 

fluctuations, which do not have equal effect on large firms with steady cash flows. 

Outside financiers might demand extra compensation for these risks and 

potentially refuse finance for some R&D projects, which would be financed inside 

a large firm. In sum, uncertainty and risk bearing capabilities favour large firm 

size in innovative activity.

Indirectly, pre-innovation monopoly power has solely positive effect on 

technological advancement [Geroski 1990]. The indirect effect combines all such 

conditions that affect the future monopoly rents firms are able to capture from 

innovations. The most significant of these are entry and appropriability conditions. 

A monopolist has greater influence over these conditions, and consequently he can 

capture a larger share of future profits, than a competitive firm can. However, 

Geroski’s [1990] claim does not capture fully the indirect effect. Incomplete 

appropriability conditions ease the diffusion of new technology. Therefore,
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monopoly’s ability to e.g. restrict spillovers inflicts a double effect on 

technological advance, both negative and positive.

Large firm size and monopoly power also present negative effects on 

technological advance. Geroski [1990] presents three main categories for the 

negative sides. Firstly, monopolies are bound to suffer from x-inefficiency. Lack 

of managerial control and incapability to focus on right activities reduce overall 

efficiency. Also, a monopoly might be satisfied with present level of profits and 

prefers to protect the status quo and retard technological change. This is especially 

true, if there is no credible threat of entry. Cowling & Sugden [1994] take an 

extreme view. They hold that mammoth-sized transnational corporations are a 

source global stagnation. Transnational corporations pursue to protect the status 

quo and their present high mark-ups. In addition, the transnational firms’ 

production technologies seldom favour the local economy, because it is designed 

for large-scale production and it is not necessarily within the field of local 

expertise. Therefore, the possible spillovers from transnationals to the local 

economy do not have significant effect on local technological advance. Geroski’s 

[1990] second category is that the more there are R&D conducting firms, the higher 

is the industry probability of landing on an innovation. This is due to either more 

intense R&D competition or higher absolute number of R&D projects. Thirdly, a 

monopoly faces lower net increase of profits from an innovation than a firm in a 

competitive market does. This is the view initiated by Arrow [1962] (surveyed 

later in this chapter).

In sum, taking into account the positive and negative sides, the sign of the total 

effect of pre-innovation monopoly power on technological advancement is 

ambiguous. This reflects the contemporary view on the Schumpeterian hypothesis: 

the market structure - technological advancement relationship is more of an 

endogenous in nature and it depends on more determinants than mere monopoly 

power and industry concentration.

Contemporary View. Two complementing hypotheses have been established to 

explain the process of technological advancement and the Schumpeterian
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hypothesis. Firstly, technology push assumes that technological advancement 

originates in R&D establishments of firms and other research ventures [Kamien & 

Schwartz 1982, pp. 33 - 34]. This implies that large facilities have an advantage 

over smaller ones, as they possess more resources for research [Scherer & Ross 

1990, p. 654]. Technology push also assumes that technological progress lays 

heavily on the advances in the scientific base. Technology push hypothesis has a 

strong bias towards an assumption over exogenous technological advancement, 

which has been supported by early studies by Solow [1956] and Phillips [1966]. 

Obviously, purely exogenous technological progress is at minimum questionable. 

Secondly, demand pull explains technological change by approaching from the 

opposite direction. Demand pull theory sees the origin of technological 

advancement in firms’ marketing and production staff, which search for new profit 

making opportunities (economic opportunity) which are eventually rendered 

feasible by R&D staff. Innovation is mostly seen as a response to constantly 

changing demand conditions. Where technology push failed, demand pull theory 

succeeds in taking into account linkages between different scientific bases, 

because innovations are not pre-determined to originate in any specific industry 

scientific base. According to demand pull theory, large firms should have an 

advantage over the smaller firms due to more vast resources. Stoneman [1979] and 

Scherer [1982] find that demand conditions do have significance in inventive 

activity, though variance between different industries is present. Despite the 

opposing starting points technology push and demand pull are not rival theories. 

Demand pull answers more short and medium run questions, where technology 

push is more of a long run theory. Technology push also is stronger in the very 

early stages of a technology life cycle. Demand pull requires more time to 

actualise and is stronger when a technology is established after a technological 

discontinuity.

One of the first critics of the basic Schumpeterian hypothesis was Arrow [1962]. 

He showed that a monopolist has smaller incentives to innovate than a competitive
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firm has5. Important feature in Arrow’s [1962] model is that the post-innovation 

market is always dominated by the innovator. The innovator either acts as a 

monopolist or charges licence fees equal to the post-innovation monopoly rents. 

Figure 2.1 shows the Arrow effect for drastic innovations. An innovation reduces 

marginal costs from Co to Q. The cost reduction is large enough to drop the post

innovation price below pre-innovation cost level and therefore below the pre

innovation competitive price level.

Demand

Figure 2.1 Arrow Effect for Drastic Cost-Reducing Innovation.

The Arrow effect is captured in the shaded boxes. A monopolist has R&D 

incentives equal to area CDGH less area BPKJ. This is his net gain. A competitive 

firm, which can fully appropriate the innovation, has incentives to innovate higher 

than the monopolist has. A competitive firm’s net gain equals the area CDGH, as 

the firm does not lose present extraordinary profits.

The Arrow effect for a minor cost reducing innovation is depicted in figure 2.2. 

Similar cost-reducing innovation causes production costs to drop from Co to Q. 

Only now, the cost reduction is smaller and the post-innovation monopoly rents 

maximising price remains above the pre-innovation competitive price level. This

5 This result has been later called ‘Arrow effect’.
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induces again a subsequent price drop and increase in demand. Difference is that 

the competitive innovator cannot price above the original competitive price. 

Monopolist’s incentives equal now the area (COVH-BOUI)-(DOVF-POUJ) and a 

competitive firm’s incentives equal the area PDLG. Arrow [1962] proofs that in 

both innovation cases the competitive firm’s incentives to innovate exceed the 

monopolist’s incentives.

Demand

Figure 2.2 Arrow Effect for Minor Cost-Reducing Innovation.

Same effect is re-established by Fudenberg & Tiróle [1984]. They show that with 

drastic innovations a present monopolist has always a strategic incentive to play a 

lean and hungry look strategy (i.e. underinvest in R&D capital in the first period of 

the game to be more aggressive in the second period) regardless of his attitude 

towards entry (both accommodative and deterring strategies). The reaction 

functions in Fudenberg & Tiróle [1984] R&D competition are downward-sloping, 

so a firm responds to competitors’ aggressive R&D spending by reducing own 

R&D. In Bulow et al. [1985a] terminology, the R&D investments are strategic 

substitutes.

Dasgupta & Stiglitz [1980a, 1980b] and Nelson & Winter [1982] studies confirm 

from the theoretical standpoint the endogenous relation of R&D market structure. 

Geroski [1991] and Levin et al. [1985] give empirical evidence on the significance
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of industry specific features, including e.g. entry barriers, technological 

opportunity, and demand conditions.

Scherer & Ross [1990, pp. 654 - 657] find that (within manufacturing sector) R&D 

expenditure increases proportionately with firm size, but large manufacturing 

firms receive patents less than proportionately to their size. They point out that 

this result does not hold across industries, and industry related features are 

important. They find the relation to be the opposite in some industries. Moreover, 

they present geographical differences. Small firms were most innovative in the 

U.S., where firms with sales less than USD50 million accounted for 50% of 

innovations. In Japan similar group of firms contributed only 20% of innovations. 

Scherer & Ross [1990, pp. 656 - 657] explain this with cultural differences and 

with lack of Japanese technology-oriented venture capital6.

Scherer & Ross [1990, pp. 649 - 651] remark that if an industry has more than 

one technological opportunity regime then, if technological progress leads to 

increased concentration in the high opportunity regime, the result is a false 

indication of positive correlation between innovative activity and market 

concentration (see figure 2.3). Correspondingly, if technological progress leads to 

lower concentration in the high opportunity regime and the low-opportunity 

regime has (slight but) positive correlation between market structure and R&D, 

then this shows as a false negative correlation (see figure 2.4). Scherer & Ross 

[1990, p. 649] claim that this example is more consistent with theory. Figures 2.3 

and 2.4 show the weakness of empirical studies that fail to control the real 

determinants associated with the Schumpeterian hypothesis.

6 Referring to the early adoption of mobile telephony in Finland, it has been claimed that one reason is Finns’ tendency to 

adopt quickly new technology [Technology Management and Policy Seminar],
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False correlation

True correlation (high opportunity regime)

True correlation (low opportunity regime)

Concentration

Figure 2.3 Growing Concentration in High Opportunity Regime, No True 
Market Structure Effect [Scherer & Ross 1990, p. 650].

False correlation

True correlation (high opportunity regime)

True correlation (low opportunity regime)

Concentration

Figure 2.4 Declining Concentration and Positive Concentration Effect in 
Low Opportunity Regime, No True Market Structure Effect 
[Scherer & Ross 1990 p. 650].

Entry is one of the most crucial determinants in both market structure evolution 

and technological progress. Geroski [1994, pp. 61 - 77] shows modest positive 

association between entry rate variations and innovativeness. The correlation is 

weak enough to prevent any causality, though. The weakness could be explained 

by statistical weaknesses. Yet, he finds negative effects running from entry to 

innovation activity. He claims that entry barriers and technological opportunity are 

rigid, and have deep structural effects on industry’s evolution [Geroski 1994, pp. 

61-77]. The structural features are heavily interconnected, and where entry levels 

are high the technological opportunities tend to be rich. The paramount 

observation is that industries, which present high entry levels, present also very
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progressive scientific bases. Interestingly, all characteristics, high entry, rich 

technological opportunity and technological progressivity fit astonishingly well in 

modern telecoms.

Geroski [1990] shows that industries with progressive scientific bases and high 

technological opportunities tend to be concentrated and large, capital unintensive, 

more profitable and to have high level of entry. He argues that given this result it 

is likely that neglecting technological opportunity it is possible to derive 

(spurious) results supporting the basic Schumpeterian hypothesis. He finds that 

technological opportunity is by far the most important determinant of innovative 

activity, alone accounting at least for 60% of variations in innovative activity. In 

addition, he finds that industry growth and capital share are positively correlated 

with innovative activity, whereas industry size, export intensity and unionisation 

of labour all are unrelated. Especially the results on industry size (and to some 

extent on the export intensity) contradict the theoretical results of Dasgupta & 

Stiglitz [1980a, 1980b], Geroski [1990] strongly criticises the basic

Schumpeterian view, and in fact presents a negative correlation between 

concentration and innovative activity. He continues that concentrated industries 

will become more concentrated and less innovative over time as industry’s 

scientific base matures

The basic Schumpeterian hypothesis is not a complete picture, and in fact, it may 

be erroneous. Concentration and firm size must be accompanied with other 

information to study the hypothesis. Cohen [1995] lists as contemporary robust 

empirical findings: first, R&D increase monotonically with firm size and 

proportionately among R&D performers within industries. Second, the number of 

innovations increases less than proportionately with firm size. Third, R&D 

productivity decreases with firm size. Cohen [1995] also notes that inaccuracies in 

study sample bias results. For example, small sample size favours null hypothesis; 

and ignoring non-R&D-performers renders study samples non-random. The 

intricate nature of the Schumpeterian hypothesis implies that any R&D model is at 

best only indicative.
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2.1.3 Properties of R&D Particular to Telecommunications 
Operator Industry

Telecoms Cost Structure, Technological Progress, and 

Monopolistic Tendencies. Telecoms networks formerly presented significant 

bias towards natural monopoly. Armstrong [1997] builds his natural monopoly 

claims on what he calls ‘economies of density'. Economies of density are present, 

when it is more profitable to build a network servicing an area comprising larger 

number of people. This is due to higher usage level of local switches, and due to 

possibilities to spread building costs over larger population. However, economies 

of density are more relevant in respect to fixed networks. Mobile networks do 

present some economies of density, but not nearly to the same extent. Decreased 

economies of density partly reduce natural monopoly tendencies in telecoms. In 

the future with technological progress driving telecoms towards fully a mobile 

domain, the natural monopoly tendencies dissipate.

A second monopolistic feature in telecoms is that when a consumer chooses to 

join one network, the operator servicing him gains a monopoly over that consumer 

[Armstrong 1997]. Other consumers need to gain access to that consumer from the 

operator. With fixed networks, competition for end customers involves high costs. 

If regulation does not require the operators to lease their access lines to 

competitors, all operators need to lay their own cable to connect the consumers to 

their proper networks. This is expensive. Mobile communications abolishes the 

need to lay cable. The monopoly over end customer is not abolished, as others still 

need to gain access from the operator, but the operator faces now higher level of 

competition, as operators incur significantly lower costs for connecting a new 

subscriber. For a consumer it is also cheaper to switch networks. On the other 

hand, there remain costs, which support customer switching-inertia [Armstrong 

1997]. Number portability is one. Customers may face high costs due to changed 

telephone number. Network structures can be exploited to increase customer 

inertia. Differentiated pricing schemes are one commonly applied tactic for 

increasing customer inertia. If an operator with high market share offers e.g. lower
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tariffs for calls within the network, customers need to be compensated for loss of 

lower tariffs, if they choose to switch to a network with smaller market share.

Despite higher level of contestability in modem telecoms, technological change 

has affected to the opposite direction as well. Increasing returns evoked by R&D 

and the realisation of more valuable network structures do not favour competition. 

In the harshest cases, increasing returns allow only a monopoly market stmcture. 

Despite his position, the monopolist would not earn textbook monopoly profits. 

Potential entrants secure that the monopolist sets his price close to average costs. 

Stiglitz [1987] notes that in orthodox contestable markets theory, the monopoly 

price would equal average costs, and the monopolist would earn zero profits. 

Stiglitz [1987] claims that contestable markets do not work with technological 

change. In the presence of technological change and sunk costs, the pure 

contestable markets equilibria break. Entry is further discussed in chapter 6.

In sum, technological progress has reduced natural monopoly tendencies in 

telecoms. Most significantly, the mobile market is far more competitive than the 

older PSTN market. Simultaneously, the need for regulation has diminished, for 

competition over end customers is more intense. Relander [В] advocates an 

evolution that he calls: 'The Law of Diminishing Firm Size’. This means that in 

modem telecoms, a very small firm can exist, and it can have a global life without 

being a multinational firm in the word’s traditional sense. A small firm is not 

deemed to a petit life, it can emerge as a major player. Size and market power 

become separated. Small size no longer means small market power. Although, 

Relander [В] admits that these small firms tend to become swallowed by larger 

firms.

Spillovers. Geroski’s [1991] findings are most interesting in respect to the 

present telecoms competition in Finland. Relander [A] explains that the 

appropriability conditions in the operator sector are poor. Both horizontal 

spillovers to direct rivals (mainly to Radiolinja) and vertical spillovers to the 

upstream equipment manufacturing sector (Nokia and Ericsson) create 

disincentives to do R&D. In order to commercialise innovations Sonera needs to
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co-operate with equipment manufacturers. In most cases, the innovations 

originating in the operator sector circulate freely via the equipment manufacturer 

sector back to the operator sector. Sonera is the R&D leader and Radiolinja the 

follower. Industry-wide returns to R&D are high, but the prevailing poor 

appropriability conditions in the telco market reduce individual firm’s financial 

incentives. Radiolinja benefits from spillovers (direct and indirect). In this 

situation, Sonera’s R&D leader strategy may well be sub-optimal [Relander А]. 

Returns to foreknowledge are not sufficient to compensate the reduced returns to 

discovery. One solution would then be to search for areas, where returns to 

foreknowledge are high and maintain R&D leadership in those areas. In other R&D 

fields, Sonera should co-operate to share R&D costs. Resorting to Geroski’s [1991] 

terminology, it would appear that the innovations ‘produced’ in the equipment

manufacturing sector and embodied in telecommunications equipment have a 

significant effect on the operator sector. Yet, the innovations producing and using 

sector are fundamentally the same operator sector. The knowledge flow embodied 

in capital goods from equipment manufacturers to operators creates an erroneous 

trail of positive spillovers between the two sectors. Fundamentally, the incomplete 

appropriability conditions prevailing in the operator sector initiate the knowledge 

flow. New knowledge generated in operator sector commonly is not embodied in 

products until it has circulated to the equipment manufacturers. As a result, 

circulating vertical spillovers have two effects on the operator sector. First, the 

positive effect is from the direct improvement of technology. Naturally, the 

circulation via the equipment manufacturers increases the value of original 

innovation when the equipment manufacturers add their knowledge to the 

equipment sold. Second, the negative effect is due to knowledge leakage to rival. 

Important observation is that the source of new knowledge is blurred as the 

equipment manufacturers add knowledge in capital goods. Hence, the separation 

between innovations producing and using sectors easily ends in spurious 

conclusions. What remains significant information is that there exist highly active 

vertical and horizontal knowledge flow channels between and within telecoms 

sectors via which innovations and new knowledge diffuse voluntary and
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involuntary. Geroski [1991] found only minor, but of ‘correct’ direction, effect of 

spillovers flowing between neighbouring industries. As he remarks this 

observation contrasts with the common view and should not be interpreted strictly. 

Although, as he notes, his decision to include only commercially significant 

innovations may rule out sector specific but nevertheless important innovations. 

These sector specific innovations have better appropriability conditions, and they 

are of less use for upstream and downstream industries, but may be of high 

importance to neighbouring industries. More importantly, Geroski [1991] 

concludes that what flows between neighbouring industries is knowledge in 

general (i.e. generic, disembodied knowledge), and the vertical flows between 

innovations producing and using sectors are knowledge embodied in products. 

Clearly, these conclusions accord with Relander’s [A] view. Telco R&D efforts 

seem to have high value for direct competitors and to upstream equipment 

manufacturers. Equipment manufacturer R&D process on the other hand has little 

value to telcos, instead downstream telcos (innovations using sector) benefit more 

from the knowledge embodied in capital goods.

An important shortcoming in the Geroski [1991] study is that it does not take into 

account foreign R&D sources. All knowledge flows originate and finish within the 

United Kingdom. This is an important point to bear in mind with the comparisons 

drawn for the telecoms sector, which can with all reason be characterised as a 

global business. Most serious telcos have significant international ventures either 

in the form of global alliances or direct investments. Also globally (still) small 

players, such as Sonera, have increasing interest in international ventures. A clear 

implication of the international scope of telecoms competition is that an R&D 

leader can achieve higher profits. By introducing innovations in countries that lag 

behind technological advance, an R&D leader can gain monopoly rents abroad by 

exploiting a larger market. This seems to be rather important method of 

appropriating R&D profits as most Western telecoms have invested heavily in 

emerging markets.
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Evenson [1984] offers some empirical evidence for the international aspects of 

innovation and for the above arguments on telecoms. He finds that developing and 

semi-industrialised countries are largely importers of innovations (measured in 

patent numbers). R&D in those countries focus on adapting foreign know-how to 

local conditions. In most cases this R&D is not patentable. During 1967 - 1980, the 

most important knowledge exporters were not surprisingly - Japan, the United 

States, West Germany, France and the United Kingdom, with Japan experiencing 

the fastest growth in knowledge export. Evenson [1984] explains the unequal 

pattem of international knowledge trade with poor R&D facilities offered for 

research in developing countries.

Referring to Goel’s [1995] findings on R&D productivity, spillovers and strategy, 

under large spillovers, industry R&D is dampened if no firm possesses serious 

advantage in R&D productivity. If such a firm exists, it’s R&D investments should 

be affected positively with a rise in spillover level. If the government succeeded in 

establishing sufficiently good appropriability conditions, the industry R&D 

competition would intensify as firms would counter rivals’ aggressive R&D 

strategy with own aggressive strategy. In other words, if the government has an 

object of high competition level in R&D, its policy should comprise amelioration 

of appropriability conditions7. However, as it will be discussed later in this thesis 

(section 3.1), competitive environment in R&D might in fact, produce lower 

innovation rates than e.g. co-operation in R&D with competitive final product 

market. In addition, Goel [1995] assumes that the innovator’s net gains are always 

higher than those of any imitator - an assumption that is contestable in Finnish 

telecoms [Relander А].

Economies of Scope and Merger Activity. Teece [1980] deems that 

“principal feature of modem business enterprise is that it is an organizational

7 As noted earlier, the improvement of appropriability conditions is a second best solution [Spence 1984]. However, it 

produces more intense R&D competition than the first best solution of introducing an optimal subsidy. High R&D 

competition could produce wasting of resources in duplication.
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entity possessing knowhow.” It has been presented earlier that R&D and 

knowledge allow exploitation of economies of scope. Economies of scope act as 

incentives for firms to diversify into areas, where they can successfully utilise the 

existing knowledge base [Teece 1980]. Telecoms industry is merging with a 

number of other industries. It would not suffice to mention only the obvious data 

and media industries, but telecoms seem to be involved with, more or less, 

everything. Dunning [1985] notes that today technology in general is less industry 

or consumer group specific. Rather, there exist technologies that benefit industries 

across the economy such as IT and telecoms. These technologies are a source of 

economies of scope for all other industries. Customer care, billing and information 

management are obvious examples. The technology base of telecoms is thus one, 

which offers vast possibilities for synergies and profiteering opportunities with 

other industries, i.e. telecoms is an ideal industry for exploitation of economies of 

scope. The technological base of telecoms has altered completely during the past 

decade, leaving the fixed lines in history. A young technology base is dynamic, 

and the future direction of development is not predetermined. Dynamism in 

technology base in its part favours dynamism in the market structure. The 

technological complementaries between telecoms and most neighbouring 

industries has resulted in boosted merger activity associated with telecoms - 

within not only telecoms, but also more importantly across historical industry 

boundaries. Examples are not difficult to find e.g. the acquisitions of internet 

firms by large telcos as well as equipment manufacturers. By merging, a firm 

gains full control of the knowledge flows. Where a firm formerly had to control 

(or even limit) the flows of knowledge, it can now seek benefits from free 

knowledge flows within the new entity. Again, this sets a challenge closely related 

to the challenge set by technological discontinuities for firm managements. 

Management has to succeed in creating efficient channels for transfer of 

technology within the organisation, and simultaneously restrict the flight of 

knowledge outside the organisational boundaries. It must be noted that Teece 

[1980] argues that economies of scope are not sufficient condition for firm 

diversification. He claims that only when, production of different products
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depends on same technology, and when a common specialised asset is a required 

input for the production, is a diversified multi-product firm an efficient 

organisation.

Market for Information - Reflections from Arrow [1962]. Arrow 

[1962] discusses extensively over the nature of information and knowledge. The 

three market failure categories cause the trade of information to be imperfect. 

Imperfections are strengthened by the cost of transmission of knowledge. Today 

the internet is the most debated information forum. The rapid increase in volume 

of available information and simultaneous rapid drop in usage costs mitigate the 

imperfections. Arrow [1962] presents some concern whether a common market 

for information would be desirable. However, at the same time he agrees that from 

welfare point of view all new information should be distributed across the 

economy - free of charge - to reach an optimal utilisation of information. He goes 

as far as to argue that: "In an optimal socialist economy, the reward for invention 

would be completely separated from any charge to the users of the information. ” 

Of course, the internet as a forum for information trade is far from free of charge 

distribution of information; still it offers enormous possibilities to mitigate the 

imperfections in the trade of information. Furthermore, it has potential to augment 

demand for information and for products. Electronic commerce is a direct 

application.

Telcos controlling the physical assets enabling the internet are in a strategically 

lucrative situation. By differentiating into internet service provision, they can 

become the ‘stock exchange’ of information, in addition to being the ‘stock 

exchange real estate proprietors’. With this shift, telecom operators master the 

realm of Creative Destruction. Their former physical asset proprietor business is 

dissipated and new service business areas are needed to be found and exploited, in 

order to survive. Employing the internet in the trade of knowledge mitigates the 

market failure that arises from asymmetries between knowledge proprietor and 

potential buyers. In this respect, the trade of knowledge can be studied with 

Coase’s theorem, where the proprietor equates costs and benefits of providing
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foreknowledge and the buyer equates costs and benefits of acquiring 

foreknowledge [Fisher 1981, pp. 179 - 183]. The trade should secure Pareto 

optimality, if both parties mutually benefit from this [Teece 1980]. Telcos can 

benefit from this by governing the knowledge trade over the internet by e.g. 

levying taxes on trade. One example of telcos’ movement into service provider 

market is Sonera’s joint venture with Talentum [HS 24.6.1999b]. The joint 

venture concentrates solely on providing internet contents, including information 

services.

2.1.4 Shift in R&D Focus from Basic R&D towards Applied R&D

Induced by Privatisation Process

The spillover gains landing on others than the innovator depend on industry and 

market specific features. The broader the scientific basis of the R&D performer is, 

the greater are the benefits to others. This is simply because of a greater number of 

applications can be found, and of higher costs of enforcing innovator’s rights. 

Similarly the more generic knowledge is produced more applications it has, and 

the harder it is for the innovator to control spillovers and more costly it is to 

enforce property rights, e.g. the number of patents needed.

General agreement is that a public enterprise, which takes into account social 

return to R&D, invests more in basic R&D than a private firm, which considers only 

the private return to R&D. Property rights for innovations generated by applied 

R&D can be better established and applied R&D supplies fewer spillovers. 

Therefore, private firm would invest more in applied R&D [Stenbacka & Tombak 

1997]. The wedge between private returns to R&D and social returns has a double 

effect on R&D. Private firms have interest in focusing on applied R&D, which 

secures them better appropriability conditions. Simultaneously, from social point 

of view the amount of R&D undertaken by private ventures deviates from the 

social optimum. A clear bias towards underinvestment in basic R&D emerges. 

Whether overall over- or underinvestment in R&D occurs depends on market- 

specific features that affect firms’ R&D competition environment. Dixit [1988] 

shows how poor appropriability conditions causes underinvestment, but also under
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free access to R&D competitive firms may overinvest in R&D. Extreme risk takers 

prefer basic R&D. Basic R&D are more magnificent source of technological 

discontinuities than applied R&D. If the innovator succeeds then his returns to R&D 

may be astronomical. If there is even the slightest chance of success in profiteering 

from a discontinuity, then there most certainly exists at least one entrepreneur, 

who takes the chance and consequently forces his rivals into the R&D race.

Patel & Pavitt [1995] differentiate R&D by the source of funding. Firstly, the larger 

share of total R&D funding is business funding used in applied R&D. Secondly, 

government funding is used in basic R&D and in technical support. Basic R&D are 

mostly university-type research towards completely new knowledge. Technical 

support on the other hand is for improving government supplied public goods, 

such as health, defence, environment, agriculture, and transport carried out by 

government laboratories and state-owned businesses. Scherer & Ross [1990, p. 

616] present supporting findings from the U.S. economy: in 1985, only 3% of U.S. 

industry’s R&D investments were directed towards basic R&D8. Government 

laboratories accounted for 24% and other non-profit, including academic, 

enterprises 56% of total basic R&D. Finally Scherer & Ross [1990, p. 616] state 

that the R&D efforts of U.S. industry were heavily biased towards applied R&D 

associated with new or improved products and processes.

Geroski [1995a] offers two methods for alleviating the problem of sub-optimal 

private R&D investment. Firstly, to increase R&D incentives by improving 

appropriability conditions, granting awards, and decreasing R&D costs. Secondly, 

to shape the market structure into such that firms undertake the desired amount of 

R&D. Both methods alter the balance between the amount of basic R&D and 

applied R&D done. With subsidising and ameliorating appropriability conditions 

the focus of private R&D may shift towards basic R&D. However, the shift is likely 

to remain meagre at best, as firms are likely to increase present applied R&D in

8 Basic R&D were defined as ‘original investigation for the advancement of scientific knowledge, without specific 

commercial objectives' by National Science Foundation [Scherer & Ross 1990].
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addition to increasing basic R&D. Market structure shaping, e.g. de-regulation, has 

more profound effects. With de-regulation, the focus of industry R&D will shift 

towards applied R&D. Formerly public firms start utilising private rate of return to 

R&D instead of the social rate. The shift is magnified, if market de-regulation is 

accompanied with firm splitting. By restructuring the market the government 

should recognise the likely trade-off between increased R&D efforts caused by 

increased private returns to R&D (better appropriability) and the decreased share of 

basic R&D, particularly as the social return to basic R&D exceeds the social return 
to applied R&D.

The technological scenario for a public firm seems at first sight rather 

straightforward, but in fact it presents some complicating issues. It should take 

into account in its R&D investment function the market failure associated with 

R&D and knowledge. A public company is less affected by the uncertainty that 

impede R&D investments. Naturally, a public company has the ultimate risk 

bearing capability. Bias towards less risky R&D ventures caused by firms’ 

preference of less risky projects and risk aversion in financial markets is 

eliminated. Issue that is more problematic is the tendency of monopolisation 

caused by indivisibles in R&D. Economies of scale and scope heighten barriers to 

entry and sustainable firm size. Especially, under Arthurian technological lock-in 

dynamics, R&D directed at enlarging plant size have far-reaching market structure 

effects, as entry becomes more costly. If the government plans privatisation, R&D 

carried under public ownership should be aiming at lowering entry barriers. 

Within fast evolving industries, this creates less problems, as technological 

advance is likely to produce entry by innovation and a small firm size yields 

smaller relative disadvantage. On the contrary in industries where large scale is 

naturally the optimum, R&D favouring small entrants produce ill bias towards 

allocative efficiency. Initial post-privatisation static market efficiency level will 

not sustain, if the industry is naturally monopolistic. The only remaining long run 

effect thus is slow down in technological progress as the private firms continue 

R&D from unfavourable basis, but with a shift in direction - now towards 

concentration augmenting technologies typical for that particular industry. Public
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R&D should minimise damage on the dynamic efficiency, but at the same time 

pursue to introduce efficiency in product markets as well. Otherwise, after 

privatisation, the former public monopolist enjoys private monopolist spoils, and 

regulation is needed. Even though allocative efficiency is obtainable with 

regulation, dynamic inefficiency will likely arise as the stagnative forces of private 

monopolist take over. It seems that technological progress in telecoms is shaping 

the market more competitive, and thus entry has a healthy basis after market de

regulation.

The public company internalises the crowding and spillover effects associated 

with R&D. The public company’s role as innovator is somewhat different whether 

the crowding effect or the spillover effect is dominant. Crowding effect is more 

powerful the more competitive the industry is. The spillover effect presents no 

such clear correlation, but wherever competition is present, the spillover effect is 

present as well. If the public company operates in a competitive industry, where 

the private firms dissipate returns in R&D races the public firm should avoid 

participation in the race. In such a situation, the public company has less 

importance as an innovator. Market provides excessive (applied) R&D. The public 

company, if it undertakes R&D at all, should concentrate on basic R&D, which is 

underrepresented in private R&D functions. Crowding effect thus reduces the 

quantitative need of public R&D, but does not eliminate the need of qualitative 

focus on basic R&D. Spillovers have a double effect on industry. Accelerated 

diffusion of technology broadens the scientific basis from which firms may exert 

technological efforts. The other effect is the appropriation problem. If the public 

company acts as the sole engine of technological advance in the industry, it may 

make rest of the firms in the industry lazy. Under poor appropriability conditions 

private firms have incentives to cut down own R&D efforts, if they can freeride on 

public R&D. In this case the government should co-ordinate public R&D to involve 

a mix of basic and applied R&D and spur private efforts. Ideally, public R&D 

would produce technology that amends appropriability conditions and supplies 

R&D that is underrepresented in private firms.
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Government R&D funding is studied by Levy & Terleckyj [1983] and Leyden & 

Link [1991]. Leyden & Link [1991] set-up has private firms undertaking both 

private R&D and government subsidised R&D. They find that private R&D and 

government subsidised R&D are complements. The complementarity arises from 

infratechnology and technical complementarity at production. Increase in 

governmental R&D funding stimulates private R&D. The increase in private R&D is 

more than twice the increase of government funding. Levy & Terleckyj [1983] 

find government R&D funding stimulating private R&D as well, but the magnitude 

is lower (USD0.27 for USD1 government R&D funding). The time lag associated 

with R&D stimulation is generally short, averaging less than one year. Levy & 

Terleckyj [1983] find that direct government R&D funding spurs more private R&D 

than reimbursed government R&D contracting. What is interesting is that Levy & 

Terleckyj [1983] do not find any consistent relation between government funded 

non-profit institution R&D and private R&D. Finally, Leyden & Link [1991] find 

that government funding stimulates knowledge sharing (i.e. voluntary spillovers), 

which in turn stimulates private R&D. These findings do not disagree with earlier 

arguments on firms freeriding, as Leyden & Link [1991] governmental R&D is 

carried out by private firms with government funding. Levy & Terleckyj [1983] 

obtain consistent results. Spillovers for direct government R&D funding are 

significant, but their effect is less than private R&D spillovers. Reason for this is 

that government funded R&D tends to be mission-oriented [Levy & Terleckyj 

1983]. So, the earlier arguments on basic R&D generating higher level of spillovers 

are not negated.

Public basic R&D form a launch pad for private innovations. The optimal mix of 

public basic and applied R&D is fundamentally determined by the social returns to 

R&D. Spillovers enter public firm’s R&D returns function as a positive parameter. 

For a public monopoly, the R&D investment decisions are easier, as both spillover 

and crowding effect are nullified. Ideally the public firm would invest in different 

types of R&D in a proportion that equates the marginal social revenue of R&D and 

the marginal social costs of R&D. Formally this can be written as an equation pair,
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MSR
MSR

Basic RAD MSC Basic R&D
Applied RAD MSCApplåd R¿D >

where MSR is marginal social revenue of R&D indicated by subscript, and MSC 

marginal social cost of indicated R&D. The investment rule for a private firm is the 

same, only with social revenue and cost substituted for private revenue and cost.

In modelling a mixed oligopoly market, where there co-exist public firm and 

private firms, the asymmetries in attitudes towards spillovers must be taken into 

account. Firstly, the public enterprise has incentives to allow its R&D 

achievements to diffuse across the industry, whereas the private firms strive for 

the opposite. Secondly, public firm’s bias towards basic R&D introduces higher 

level of spillovers, whereas private R&D efforts are directed more towards applied 

R&D, where appropriation is better. In sum, private firms tend to benefit more 

from total industry R&D than the public firm.

2.2 Properties of Network Economics

Network structures present positive network externalities, which cause the 

particular market dynamics. The essential feature is that the larger (in absolute and 

in relative sense) a network grows, the more value it brings to its members. As the 

network member utility grows more usage it induces and more attractive the 

network becomes for potential new members. Consequently, the network 

proprietor (e.g. a telco) or network good manufacturer (e.g. e-mail programmer) 

receives more revenues and the value of his network grows.

2.2.1 General Properties of Network Economics

Network externalities arise from a number of sources. Firstly, consumers gain 

utility directly from other consumers adopting same network good. The utility 

from belonging to a network increases with network membership numbers and 

with other members’ usage. Secondly, consumers gain utility indirectly from other 

consumers adopting the same product as the increase of adopters is likely to 

prompt higher variety and number of complementary products and services. In
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addition to these two main sources, network externalities may arise from greater 

amount of available product information for more popular product designs. High 

market share may act as a signal of good quality. There may also exist purely 

psychological bandwagon effects. In all cases network externalities cause 

economies of scale on the demand side. Consumers’ adoption decisions are 

significantly affected by their expectations on the network popularity, in addition 

to the direct utility consumer derives from the network. Perfect foreknowledge of 

future market shares is of course impossible, which makes the signalling value of 

present market shares high. Furthermore, average consumer seldom has full 

understanding of the special features and technical capabilities and quality of high 

technology products, so a group of first movers acts as a positive signal pulling the 

masses behind. Attracting first movers thus reinforces the importance of capturing 

high market share at the beginning. A good firm reputation can also be a positive 

signal for consumers. In addition, firm’s credible pre-commitment to a certain 

technology acts as a positive signal for consumers about future network coverages. 

[Katz & Shapiro 1985]

The dynamics of network economics fundamentally found on the consumer 

adoption dynamics. Only when there exist positive externalities for adoption, do 

networks present increasing returns. In the presence of increasing returns, each 

new adopter brings more value to all preceding adopters. In terms of cash flows, 

firms benefit not only from individual consumption of network members, but also 

indirectly from the adoption process. Each new adopter increases the utility 

existing members receive, which encourages higher network usage.

Increasing returns are the particular feature that characterises network economics. 

Market dynamics that take to equilibrium are in the presence of increasing returns 

highly more complex compared with decreasing returns economic dynamics. 

Arthur [1989] notes that systems of increasing returns have a bias towards 

multiple equilibria. He lists four typical features prevailing in the presence of 

increasing returns that characterise the peculiar dynamics. Firstly, outcomes in 

increasing returns systems tend to be non-predictable. Random events can have
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definitive impact on the dynamics. Secondly, potential inefficiency means that the 

outcome is not (pre-)determined by consumer preferences or firms’ production 

technologies. Rather, alone they are insufficient to predict the outcome. Thirdly, 

the outcome is inflexible. Once a dynamic equilibrium is established it does not 

change. The future equilibrium may become locked-in when the dynamics have 

worked sufficient time towards the outcome, so that before the equilibrium state is 

reached the system has already turned inflexible and cannot change its future. 

Fourthly, small events are of importance. Non-ergodicity (path-dependency) 

indicates that the dynamics do not necessarily average out small events in the 

course of time. Rather, small events may in fact determine the outcome. Event 

sequence is itself meaningful. Early events have advantage over latter. Non- 

ergodicity implies the complete opposite of the traditional dynamics, where small 

events cause fluctuations around the equilibrium, but are eventually averaged out. 

Initial asymmetries between firms are important. The initial leader can protect his 

position and deter entry, even if later entrants are more efficient.

Kelly [1997] claims that the separation of network economics from the ‘traditional 

economics’ in fact arises from very fundamental set of new economic stylised 

facts. In the old regime, scarcity is the value-creating driver. The more abundant 

goods become the more they become devalued. In network economies value is 

created by abundance. Kelly puts this: “...the more plentiful things become, the 

more valuable they become." A single e-mail programme is of no value, but the 

value of network of e-mail users increases as more people start communicating via 

e-mail. A network good is of little value, unless an adequate network exists. The 

most successful network business firms recognise this ‘The Law of Plentitude’. 

The classic example is Netscape distributing its web browser for free at the 

beginning in order to scrape up sufficient market share.

Network economics are more relevant in industries where the traded goods 

comprise significant amount of information. Network economics are referred also 

as ‘information economics’ to describe better the goods traded. Whenever use of a 

good requires learning, there exist positive network externalities. The production
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of information involves high fixed costs, but minimal variable costs. Duplication 

of information is cheap.

Arthur [1990] indicates a severe problem associated with increasing returns. 

Taking a macro view, it is easy to recognise the unequal growth of world 

economies. Rich countries seem to get richer and poor poorer. Although some 

averaging out occurs within particular convergence clubs, i.e. rich Western 

Countries, the gap between convergence clubs widens [Broadberry 1994, 1996]. 

Increasing returns benefit the rich and hurt the poor.

Networks can be classified roughly into two groups depending on the nature of 

interconnection [Armstrong 1998]. The first group consists of networks, which 

present one-way access. That is, there exists a monopolist who controls all inputs 

an interconnected competitive sector has to buy. The other group exhibit two-way 

access. In two-way access networks, all firms have access to rivals’ networks. 

Usually, the access involves a payment. For example, one GSM operator pays a 

rival operator an interconnection fee for terminating a call. Although access to 

rivals’ networks is not crucial, it directly affects network value, and hence the 

value subscribers derive. It is clear that in telecoms there are sectors that can be 

characterised by either group. However, in the future two-way access will be more 

relevant. Today, regulation usually secures interconnection between different 

networks. Figure 2.5 exhibits two-way access.

Network A

Network С

Network В

Figure 2.5 Two-way Access [Armstrong 1998].

Two-way access networks present two important features. Firstly, access to rival’s 

network implies that the networks are compatible. Compatibility is required both
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within and between networks to induce network externalities [Economides & 

White 1994]. Clearly, there exist incentives for firms to seek compatibility (a 

uniform technological standard), which produces a larger network system. If 

compatibility is not available between networks then positive network 

externalities exist only within each network [Katz & Shapiro 1985]. Similarly, if a 

network interconnection is not available, positive network externalities exist only 

within the network. Then networks compete for market share, and there are no 

network externalities across the networks. With high technology networks 

compatibility is by no means self-evident, e.g. GSM versus cdma networks. 

Secondly, addition of new network (or even a new subscriber) to an zz-spoke 

network system produces 2n new goods (e.g. potential connections in a telecoms 

network) [Economides & White 1994]. Benefits from the new goods land on both 

new and old network members, so that utility of all network members increase as 

an additional consumers opts to join the network. Economides & White [1994] 

call this effect 1 economy of scope in consumption’. They continue to list five 

additional important features of two-way networks. First, network components are 

complementary to each other, so that they can be combined into a composite good 

(e.g. local and trunk networks). Second, complementarity is in effect although the 

combined components are similar to each other. Third, a reversed good is a 

different good from the original (subscriber 1 calling 2 is not the same as 2 calling 

1). Fourth, consumers are identified with a certain address on the network system. 

Fifth, two composite goods that utilise the same section of the network system 

need not to be close substitutes.

In figure 2.6 is illustrated a two-way network, with one monopolised section. The 

system still presents all the same two-way network features except for the 

monopolised one-way access section. In addition, it now involves two types of 

network externalities. Regarding a telecoms network, there exist both local 

network externalities and long distance network externalities. Local network 

externalities are present in the same local network star (e.g. A-B-C-D -star), 

whereas long distance network externalities require utilisation of the monopolised 

section. Long distance network externalities require agreement over
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interconnection. If interconnection is not available, then only the nation-wide 

operator benefits from local and long distance network externalities, whereas local 

operators are deprived of long distance externalities.

Local 
network E

Local 
network В

Nation-wide 
network C

Nation-wide 
network C

Local 
network G

Local 
network D

Local 
network F

Figure 2.6 Two-way Access Network with Monopolised Section 
[Economides & White 1994].

Figure 2.6 can be interpreted as a simplified model of the Finnish pstn industry 

before the liberalisation of long distance market. Nation-wide operator was at that 

time Telecom Finland and the local networks were operated by independent local 

operators along with Telecom Finland, which served the more remote local areas. 

Equally, the figure could illustrate a mobile market, where there are local 

networks (so called ‘metropolitan networks’), which do not own a proper national 

network capacity, but utilise rivals’ networks outside the local network area (i.e. 

have a roaming agreement with a nation-wide mobile operator). An example of 

such a metropolitan network operator is Telia’s Finnish subsidiary. If vertical 

networks are introduced, the picture widens greatly [Economides & White 1994]. 

Then there may emerge positive gains for firms and for consumers from vertical 

mergers. There also may emerge situations where firms opt to pursue 

incompatibility instead of compatibility.
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Armstrong [1998] and Laffont et al. [1997, 1998] study telecoms networks with 

two-way access. Both Armstrong [1998] and Laffont et al. [1997, 1998] focus on 

the interconnection issue. Both studies come up with a result that interconnection 

charges can play a role of a collusive tool. Condition to this result is that there 

exists sufficient product differentiation between the competing networks. 

Furthermore Laffont et al. [1997] show that an incumbent operator may use 

interconnection charges to block entry. Again, the national roaming tug-of-war can 

be regarded as an example of entry deterrence with blocked interconnection. 

[Kauppalehti 18.2.1999, 19.2.1999, 7.4.1999, 17.6.1999; HS 18.2.1999, 

31.3.1999, 1.4.1999, 2.4.1999, 7.4.1999, 15.4.1999, 17.4.1999, 4.5.1999, 

24.6.1999а].

2.2.2 Properties of Network Economics Particular to

Telecommunications Operator Industry

Increasing Returns and Technological Lock-in. Telecommunications is 

the textbook case of increasing returns and network economics. Telecoms 

networks require substantial initial establishment investments and set-up R&D, but 

‘production’ i.e. providing service and routing calls is cheap [Arthur 1990]. The 

value of a mobile network increases as consumers join the network. The asset that 

creates most value is not the physical mobile network, but the subscribers 

belonging to the network [Fasoli 1997, Baptista & Ainsworth 1997]. The physical 

equipment is only needed to provide telephony, but it is not the value-creating 

factor. Value is generated in providing service, which depends more on customer 

maintenance (i.e. marketing, service, billing, chum management etc.) than on the 

physical network. The value of the telecoms network depends also on provision of 

interconnection. This means that network’s value directly depends on rivals’ 

assets, their coverage and condition. This increases the incentives for R&D co

operation. Compatibility between networks benefits unambiguously the 

consumers, but not necessarily the operators. A large incumbent may prefer to 

block interconnection from a small local entrant to reduce smaller network’s 

relative value. Similarly, compatibility may be used as a tool to raise competitor’s
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costs. An operator supporting a technology incurs both wasted R&D costs and 

costs due to switching technology basis, if that technology fails to become 

adopted.

The absolute number of subscribers is only one side of the telecoms network 

competition. The other side is the relative number of subscribers vis-à-vis 

competitors. Considering a duopoly, where one player is an incumbent former 

national operator and the other a smaller entrant, the entrant may survive only if it 

succeeds in gaining sufficient market share. The threshold market share is the one, 

where the network yields high enough value to subscribers. Then it can contest the 

increasing returns working for the benefit of the larger incumbent network. 

Naturally, the level of threshold market share depends on the overall market size. 

Both the operators and consumers benefit from large subscriber base. The 

operators gain revenue from monthly service fees and usage. Large market share 

on the other hand means lower interconnection costs. How consumers benefit 

from high absolute number of subscribers needs no explanation. Consumers are 

usually offered pricing schemes that favour network internal calls. Sophisticated 

pricing schemes are targeted to lure new subscribers. The higher the market share, 

the cheaper total bill subscribers receive, as the share of network internal calls is 

higher. The above arguments all base on (more or less realistic) assumptions on 

reciprocal access charges and neutral call preferences between networks.

Network economics favour large firm size. The more powerful the increasing 

returns dynamics are, the harder it is for a small firm to survive. Unless a 

significant industrial discontinuity takes place, established large firms have a 

secure market position, as they are less affected by entry. This does not mean that 

there is no competition in a highly concentrated networks industry. Competition is 

present, but it does not have radical effects in market positions. What may be 

misleading is to regard small successful firms in the internet and in some new 

mobile markets beating the forces of increasing returns. The technological 

discontinuity in these markets is fresh enough to give room for small companies. 

Still, these companies do operate under the influence of increasing returns and
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Creative Destruction. They just master the Creative Destruction and ride the wave 

crest of a fresh technological discontinuity. In telecoms, firms seem to compete for 

market shares according to tit-for-tat. Price reduction is immediately matched by 

rival. Examples are easy to observe in subscription offers for basic mobile 

telephony by Sonera, Radiolinja and Telia. None of the offers is significantly 

better than the other, but slight oscillation occurs, when one them introduces a 

new offer, which is then matched immediately by the other two. This kind of 

environment attracts collusive behaviour. Collusive behaviour is further facilitated 

by almost perfect symmetry between firms in basic mobile telephony. Collusion 

does not here imply stable prices or no competition at all. Instead, collusion 

involves constantly and predictably decreasing prices and joint entry deterring 

strategy, which may well be tacit or not.

The intertwining of network economics and economics of R&D, especially the 

Schumpeterian hypothesis, is of interest but equally of great concern. Increasing 

returns eventually stabilise markets, so that only a few firms exist. Under ‘normal’ 

circumstances by taking a naive Schumpeterian view, this should be an appraised 

situation. Technological progress would be vigorous. Competitive pressure from 

rivals would force firms to undertake high amount of R&D. This result however is 

broken in the presence of increasing returns. Entry by minor innovations becomes 

impossible in a locked-in industry. Threat of entry partially loses its significance. 

Only a major industrial discontinuity can break the technological lock-in. The 

Microsoft trial in progress gives evidence on this. Professor Fisher has claimed 

that Microsoft’s monopoly position with Windows has slowed technological 

progress in the гг industry [Kauppalehti 4.6.1999]. Furthermore, Windows has 

gained a market share around 90% in executive programmes. This has virtually 

created a lock-in in Windows. Mr. Lacovara of Microsoft opposes monopoly 

accusations claiming that Microsoft faces credible competition e.g. in palm 

computers. It is quite unclear, whether palm computers actually introduce an 

industrial discontinuity significant enough to break the Windows lock-in. К 

Microsoft is able to link palm computer technology to its present technologies,



50

then competing palm computer executive programmes will eventually be left with 

only modest market shares compared to Microsoft’s dominance.

Lock-in dynamics are weakened, if consumers are allowed a multiple choice over 

time for opting network. Realistically, no consumer is permanently tied to one 

network. A competitor offering a better deal can always break into the market, but 

the compensation it has to offer network switchers increases as the incumbent 

networks’ value grows.

Interconnection and Competition. The above discussion established how in 

the presence of network economics tendency is towards a lock-in in one 

technology or network. Interconnection obligation is a policy that alleviates the 

monopolistic tendency in telecoms. Without interconnection small networks 

would face even larger disadvantage compared to large networks. On the other 

hand, if the operators are required to offer full access, the value of smaller 

networks closes on the value of the larger network. Other things being equal 

except market shares, consumers become indifferent between networks, when 

operators are required to offer full interconnection. Adoption then depends solely 

on the offer for telephony. In real world, telcos are required to offer 

interconnection for a fair access charge. Therefore, each operator has to compete 

directly for his subscriber base (market share competition). By augmenting the 

figure 2.5, illustration of the competitive scene in mobile telecoms is easy and 

shown in figure 2.7.

The operators have introduced differentiation with value-added services and 

specialised pricing schemes to alleviate the market share competition. All of these 

increase network switching costs, hence increasing customer inertia. An operator 

has to compensate the costs customers incur for switching operator. These 

switching costs include costs such as costs due to unavailable number portability, 

or loss of low priced network internal calls.
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Operator of 
Network A

Operator of 
Network В

Operator of 
Network C

Subscribers

Subscribers

Subscribers

Figure 2.7 Direct Competition for Market Share [Armstrong 1997].

The competitive scene illustrated in figure 2.7 is only the basic case for mobile 

competition. Technological progress has introduced a vast number of new 

services, in which competition may be characterised by the same form. However, 

some services do not fit in the same competitive form. For example, in the future 

mobile internet will involve network operator-service provider firms, and 

specialised service provider firms, exactly the same way as in the present fixed 

internet competition. This scenario breaks the value chain. Value formerly 

generated in physical asset and customer management shifts towards each end of 

the value chain. Between service provider competition and end consumers remains 

the network operator, which controls the physical connection between service and 

customers. The crucial issue for operators is how to manage the split of the value 

chain, and simultaneously maintain their dominant position in the network 

business. Physical network loses its value-generating nature, but it remains the 

essential linkage between value-creating activities.
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2.3 Reflections on Telecoms Liberalisation Issue

General Discussion. Bishop & Kay [1989] summarise well the essence of 

privatisations. Governments may have different reasons for privatising public 

enterprises, but in all cases, the privatisation process ‘reflects a renewed belief in 

market forces'9. The monetarist free market thinking in the U.K. in late 1970’s 

was the outset for continuing European privatisation policies [Steel & Heald 

1982]. The blind faith in market capitalism is dangerous. The emphasis on profits 

and shareholder value is likely to induce short-termism in management decision

making [Cowling 1995]. Obviously, the government can apply longer payback 

times for investments. This allows a public firm more choice over future 

strategies. Short-termism can destroy dynamic efficiency, if firms rush to promote 

technologies that yield highest profits in the short run, but which are not 

necessarily dynamically efficient. Government can also invest a higher share in 

basic R&D, which is undersupplied by markets, as basic R&D has usually longer 

payback times than applied R&D. Second important caveat for privatisations can 

be derived from the stagnative forces of monopolies. In Europe, the privatised 

telcos remain large. They do not face threat of bankruptcy. Furthermore, these

9 Kay & Thompson [1986] list the five most important rationales behind de-nationalisation of firms. First, improvement of 

economic performance of an industry. Common assumption is that privatisation increases management efficiency. 

However, e.g. Kay [1984] and Kay & Thompson [1986] ponder whether this has any validity. Cowling [1995] too 

questions why should private shareholders have higher incentives to press managers than the government, as privatisation 

does not eliminate the information asymmetries between the principal and agent? Palmer [1973] sees managements 

operating under two constraints: one from shareholders and one from market competition. Only when both constraints are 

very weak he finds significant divergence from profit maximisation in management behaviour. Industry and firm-specific 

features play an important role, especially if a firm is under regulation or if it operates in a declining industry. Furthermore, 

Palmer [1973] claims that management incentive schemes do not establish a binding constraint, rather they enter 

managers’ utility function as just another term. Second rationale behind de-nationalisation is closely related to the first 

one, namely, rectifying and streamlining management and control problems. Third, proceeds from the sales and floatations 

of companies. Fourth rationale is to control public trade unions. And fifth, promotion of popular capitalism and private 

shareholding of general audience. Steel & Heald [1982] emphasise the political side of privatisation programmes. They 

argue that in the U.K. Conservatives were highly interested in reducing public sector borrowing, which lead to 

privatisations for which the economic arguments were not very convincing. Brittan [1986] shares Steel & Heald’s [1982] 

views on the political side of privatisation programmes. He claims that the failure by Conservatives to carry out their 

political ambitions, were compensated with the de-nationalisation programme.
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large firms are ruled by a small elite, which maximises own personal power10. On 

the other hand, maximising personal power is achieved only by maximising firm’s 

power. Growth and technological excellence are the ultimate tools pursuing this. 

Therefore, technological progress is paramount to large transnational firms - 

clearly according with the Schumpeterian view [Kaysen 1957]. Problem is that 

technological progress is targeted to maximising existing firm power, creating 

entry barriers and supporting existing mass production and mass marketing. 

Technological progress thus aims at further concentration in the markets and 

higher power of the ruling elite. The large privatised firm therefore does not 

represent democratic market capitalism. Fundamentally, democracy is a necessity 

for economic efficiency11 [Cowling 1995]. It is difficult to see then, how private 

ownership would promote market efficiency to that extent it is claimed in public 

debate. Even if market forces promote efficiency, laissez-faire seldom guarantees 

perfect markets. Government interference is required to mitigate the asymmetric 

competition environment that commonly follows privatisations. For example, in 

the U.K. the post-privatisation telecoms market was a duopoly with prohibited 

entry. In this case, regulation is needed to protect consumers from exploitation by 

the (colluding) duopolists. Especially, as competition usually is the ‘device’ that 

best protects the consumers [Kay 1984].

10 The ruling elite defined in the spirit of Baran & Sweezy [1966] and Cowling [1982]. The ruling elite consists of top 

management and key interest groups, which include only the largest shareholders, closely related financiers, and 

symphatising politicians and government officers

11 Cowling [1995] notes that the privatisation programmes have not been carried out democratically. Post-privatisation 

firm is ruled by small elite. Small shareholders and other minority interest groups, including workers, cannot resist elite’s 

decisions. ‘Big capital’ privatisations inevitably lead to oligarchy. For democratic solutions, he offers broadening 

membership of joint stock company, self-management of the firm, and transparent and accountable public firm. However, 

almost prefect dispersion of ownership is likely to increase management’s power. Same problem remains, namely that the 

firm is controlled by small elite. Leech [1987] show that for management controlled firms it is possible to form controlling 

coalitions from a small number of leading shareholders (reinforce the ruling elite). Leech & Leahy [1991] find that 

ownership-control implies higher valuation ratio, profit margins and return on shareholder’s equity. Ownership-control 

also implies higher growth rates for turnover and net assets. They also find that higher dispersion ratio of ownership 

implies higher valuation ratio, profit margins and net asset growth rates.
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Mr. Ollila of Nokia presents the private sector - government relationship as 

follows: “Only the completely ignorant supporter of market capitalism regards 

that private enterprises can cope without any government support [free 

translation] [HS 15.12.1998].” More importantly Mr. Ollila continues that the 

paramount issue in government policy should be to provide sufficient basic R&D. 

Although in Finland R&D expenditures have increased12, the applied R&D 

undertaken by the industry needs “...a rich and versatile basic R&D field to grow 

from [free translation] [HS 15.12.1998].” Similar arguments were given recently 

by Mr. Kuparinen of Ministry of Trade and Industry (KTM) [Kauppalehti 

5.7.1999]. He calls for public funding in strong expertise sectors such as telecoms. 

Even more importantly, Mr. Palojärvi of Finnvera calls public finance for sectors 

that are presently growing and “...where there will be business within 10 to 15 

years of time [free translation] [Kauppalehti 5.7.1999].” Dunning [1985] goes as 

far as to argue for active government policy to support birth of national 

transnational champions, which would act as the engines of economic progress. 

He emphasises that this is crucial, if a country wants to keep up with technological 

progress. He also notes that for a small country it is paramount to recognise 

sectors of highest potential and concentrate on those. In Finland’s case, this is 

occurring as electronics and telecoms are enjoying international success with its 

flagship Nokia.

The extent of required government interference depends on the industry structure 

and performance. Previously, telecoms were naturally monopolistic, and any 

government protection for statutory monopolies was irrelevant [Kay 1984]. 

Though, e.g. in the U.K. British Telecom’s (ВТ) monopoly privilege embraced 

activities, where it is difficult to see any welfare based justifications [Kay 1984]. 

One was the telecom terminal appliance sale. Today, the telco sector is 

competitive, with the public operators operating more or less on competitive basis

12 Between 1995 - 1998 Finnish electrotechnical industry increased its real R&D investments by 25% p.a. [Tilastokeskus 

1].
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along with private firms. During the era of fixed network communications, a 

strong natural monopoly bias existed. Today this poses no problems, as the 

technological change has rendered the industry competitive. The transition in 

telecoms has been fast and technology-driven. The future is still blurred. The 

integration between telecoms and other industries (particularly the гг industry) 

spurs collaboration in R&D. Increasingly this collaboration has been on 

international basis [Roobeek 1988]. Public support needs not to be in form of 

ownership, but in the form of supporting private ventures in mastering the 

technological discontinuities. Therefore, privatisation is an appropriate 

government policy, as the government does not really have any advantage 

operating the telecoms services [Bishop & Kay 1989]. On the contrary, by 

removing public interests the public operator benefits from e.g. freer 

manoeuvrability and more beneficial attitude of financiers. In some areas market 

failure raises some questions. Areas, where the market failure is easily treated by 

means of regulation such as universal service obligation (uso), inflict no 

significant problems. On the other hand, problems do arise with market failure 

associated with public goods and information, particularly with R&D, where 

regulation is less efficient policy [Bishop & Kay 1989].

Sole privatisation is inadequate with telecoms. Competition is feasible and welfare 

increasing. However, entry barriers are prohibiting, unless regulation comprises 

competition promotion. Mere removal of legal barriers does not guarantee 

emergence of competition. Importantly, although liberalised industries seldom are 

naturally monopolistic, they in most cases are sustainable monopolies [Kay & 

Thompson 1986]. Interconnection and pure size advantages of large incumbents 

compared to smaller entrants are the two main hurdles. Network structures strictly 

favour large firm size. Mr. Carsberg [1989], the British Director General of 

Telecommunications, states that “(Inter-)connection would be needed, if 

competition was to take place at all..." Similarly, advantages due size differences 

must be curtailed in name of fair competition. Other hurdles include e.g. cross

subsidisation, which at least in the Finnish telecoms was traditionally an applied 

policy in long distance and local call markets. Competition promotion policy can
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be accompanied with restructuring of the industry. Restructuring telecoms has 

occurred in large scale only in the U.S., where the naturally monopolistic activities 

were separated from the competitive activities [Bishop & Kay 1989]. The 

advantages achievable by restructuring were, in fact, already present at the time of 

Sonera’s privatisation. Namely, Sonera faced competition from a relatively large 

rival, and there existed comparative data of firm performance, which facilitated 

financiers’ and regulator’s decision-making.

There is no sense in privatisation or liberalisation of markets, if the outcome is not 

welfare increasing. The evaluation of liberalisation programmes clearly is a 

challenging task. A good example is the electricity market in the U.K. [Bishop & 

Kay 1989]. Similarly, with British railway liberalisation, the public opinion is that 

the liberalisation has lowered the standard of service without compensating price 

cuts. The liberalisation programme is designed to grant an operating firm a local 

monopoly rights to operate one section of the railway network. Liberalisation has 

not produced competitive pressure, which would force the operating firms to keep 

efficient and compete in prices. Similar issues are relevant to telecoms 

liberalisation programmes. Privatisation must be accompanied with credible 

competitive pressure. Competition does not need to be apparent, but the pressure 

of entry must be strong enough to keep the incumbent operators efficient. In 

telecoms the fast technological progress has so far secured credible threat of entry 

(more precisely, it has produced high entry), but already in the near future 

increasing returns will dominate and entry by innovation will be reduced. As the 

telecoms mature significant innovations become scarcer. On the other hand, 

market liberalisation must be accompanied with privatisation. A mixed duopoly, 

where there exists a public monopoly and a competitive sector, is not feasible in 

the long run. The public firm is deprived of strategy choices, as it must take into 

account political issues. This sets the public firm in a competitive disadvantage. 

The private sector faces no actual competition, as it sees the failure of the public 

firm to act as a profit maximising entity. Privatisation is a method of promoting 

productive efficiency, as the firm focuses on profit maximisation. Liberalisation 

on the other hand promotes allocative efficiency, as prices are driven down with
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intensified competition. Figure 2.8 illustrates the routes towards healthy 

competitive market (bottom right comer). In the U.K., liberalisation process took a 

route via private monopoly, whereas in Finland telecoms liberalisation has 

followed more the route via mixed oligopoly. The routes differ significantly in 

respect to regulatory burden and implementation time. The essential issue in both 

routes is that eventually privatisation has to be accompanied with liberalisation 

(apparent competition or competitive pressure by potential entry). In other words, 

the outcome must be the bottom right comer of the matrix.

------------->
Privatisation

Public monopoly
- the market is dominated by 
a government-owned _ 
monopolist

Private monopoly 
- the market is dominated by 

a private monopolist

Mixed oligopoly
- the market is shared by 

private firms and 
a government-owned 
firm

V
Fully competitive oligopoly 
- the market is shared by 

^ private firms

Figure 2.8 De-regulation and Privatisation Stages Matrix.

All regulative activities are laborious. One important issue then is to secure that 

privatisation and required regulation bring higher welfare than maintaining public 

ownership. Franchising has been widely utilised device to reduce regulatory load 

and simultaneously push private firms towards efficiency [Bishop & Kay 1989]. In 

telecoms franchising, namely granting mobile and other licences, has been 

globally applied policy. The problems associated with franchising, however, are 

significant. Franchising auctions may attract only a few bidders. Asset valuation 

and handover policies in occurrence of franchisee substitution are difficult. It can 

also be questioned whether any serious player really faces a threat of non-renewal 

of his licence [Kay & Thompson 1986]. Most severe problem is though 

technology-related uncertainty. The auctioneer has to be well-informed of the
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technological change likely to take place in the future, and of the technological 

strategies firms will pursue. Therefore, the auctioneer must take into account also 

non-pecuniary aspects. The auction essentially locks the future technology 

standard, or in least case, fixes the number of competing technologies. So, the 

impact of choice over franchisees has longer-term effects than the franchise period 

may be (e.g. ВТ has a 25-year licence [Kay & Thompson 1986]). In telecoms, this 

problem is most acute with the auction for third generation mobile technology.

The gap between social and private returns inflicts sub-optimal private R&D 

investments. After privatisation, social maximisation is switched to private profit 

maximisation. The government then should secure adequate R&D investments by 

establishing efficient compensation practises and/or with public R&D ventures. 

Patents, prizes and direct contracting are commonly used practises. Although, they 

are targeted to alleviate same problem, they do not necessarily have the same 

outcome. For example, Wright [1983] notes that, if patenting induces a 

deadweight loss greater than e.g. a prize funded by less distortionary taxes, the 

socially best practise is the appropriate prize for innovation. Wright [1983] gives 

another obvious example of differences between compensation practises: direct 

government contracting is troubled by x-inefficiency. Clearly, another problem 

associated with contracts is the well-known principal-agent problem. A key 

determinant for the optimal device is information over R&D. The more asymmetric 

the information between the government and private markets is, the harder it is to 

find and apply the optimal device.

Essentially, firm’s investment decisions base on the post-innovation rents, which 

are in turn affected by present market structure. Considering purely pecuniary side 

of R&D investments, poor appropriability, reduce firms’ interest in R&D. However, 

R&D investments are most certainly strategic investments. Naturally, firms desire 

monopolist role, and one of the key drivers for R&D investments is the opportunity 

to monopolise at least a comer of the market for a period of time. As Mr. Relander 

[A] so strikingly puts it: “After monopoly, oligopoly is only the second best market 

structure. ” From social planner’s standpoint, this is worrying. The social planner
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must secure healthy competition that would provide highest economic welfare. 

The social planner must find the optimal balance between allocative and dynamic 

efficiencies. He has to put up with a degree of monopoly in the markets to secure 

technological progress. The static scene for de-regulation in telecoms is easy. In 

general, the higher the concentration is, the bigger profits firms make and the 

worse off is the consumer. Furthermore, the deadweight loss is greater. On the 

other hand, the dynamic scene is more complex. It is essentially a question of how 

to secure adequate competitive pressure. Technological progress introduces new 

possibilities to enter the market, but simultaneously it may heighten the barriers to 

entry. Too tight regulation that diminishes profits discourages firms’ investments, 

which in turn places them in competitive disadvantage vis-à-vis entrants.

U.K. Telecoms Experience. Initially in the U.K., Mercury was the sole 

competitor for ВТ. No further entry was allowed after the 1981 Act, which 

abolished BT’s monopoly, until the second phase of liberalisation in 1991. 

Mercury’s entry triggered a series of price cuts, as Mercury had to penetration 

price to compensate consumers costs due to switching operators. Switching costs 

comprise among others installation costs, telephone number changing and search 

costs for lowest-price operator [CRI 1997]. Further barriers to entry are erected by 

strategic investments such as R&D, advertising, financial resources and network 

externalities. In the U.K., these were partially offset by the high margins and BT’s 

inefficiency [CRI 1997]. Reason behind closed competition in the 1980’s was to 

allow time for ВТ to prepare itself for competition and to allow Mercury time to 

recoup its network investments [Carsberg 1989]. ВТ took an accommodative 

strategy. It only reacted to Mercury’s pricing, and did not initiate price-cuts 

signalling its co-operative behaviour. Consequently, the duopoly structure did not 

introduce sufficient competitive pressure. BT’s unit costs did not decrease during 

the first four years after privatisation [Beesley & Laidlaw 1992]. Slack 

competition did eventually cause operational problems for ВТ, when further 

liberalisation brought extensive entry into the market in the early 1990’s. Cost 

advantage in the U.K. has usually been in favour of entrants. Industry regulation
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failed and induced inefficient competition. Figure 2.9 illustrates BT’s R&D 

investments since 1980. Appendix A presents more detailed accounts for ВТ.

4.0%

R&D margin

у = -0.0008X + 0.035Í 
”^RHfTETOl--

—O— R&D expenditure as % 
_____ of total op. costs_____3.0 % -

2.5%

X=40Q06x_+_0X)2(1.5% -
R2 = 0.6766

1.0% -

0.0%

Further liberalisation 
allows extensive entry

BT’s monopoly 
privilege abolished

ВТ privatised

Figure 2.9 BT's R&D Investments Development since 1980 [ВТ 1984, 1985 -
1997].

Trend in BT’s R&D investments is decreasing. This can be explained with the 

protected market in the 1980’s, where the threat of entry did not exist. Other 

reasons for declining R&D investments could be BT’s acknowledgement of R&D 

spillovers after Mercury’s entry, and inefficient control during public ownership 

resulting in waste in R&D resources. After the second phase of liberalisation BT’s 

R&D expenditure seems to level, which could reflect the competitive pressure and 

need to maintain innovativeness in the new competition situation.

Former public companies encounter problems in adjusting to competitive 

environment. Bishop & Kay [1989] argue that just privatised firms cannot be 

regarded as profit maximisers. Adjustment to price competition is far easier than 

adjusting R&D to competition. After privatisation, Sonera has moved towards 

applied R&D, but managing the change in R&D processes has been difficult. Co

operation with equipment manufacturers is essential, but simultaneously it 

produces notable knowledge leakage to rivals [Relander В]. As Sonera matures as 

a private company, this leakage must be controlled, or its R&D will yield
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competitive disadvantage. Adjustment to competition clearly takes long time as 

the examples of ВТ and Sonera show. Importantly, industry regulation should not 

protect from competition. Instead, the incumbents should be placed under 

pressure. Some rationale is behind initial cushioning of the competition, but that 

should be targeted more towards allowing entrants time to establish them as equal 

choice for consumers before opening up for full competition.
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3 Basis for Compound Model

3.1 R&D Spillovers Models

A common limitation for different R&D spillovers models is that there are initial 

assumptions, which affect the outcome. Tendency is that new models build on old 

classics by introducing some differentiation in model parameters or special 

features for studying a certain market situation. This causes most models to be 

case or even parameter reliant. Therefore, it is useful not to explore too 

complicated models in order to maintain generality.

3.1.1 Introduction to and Classification of R&D Spillovers
Models

R&D models can be divided into several groups. A useful separation is between 

strategic R&D investment models, commitment models, and R&D race models [e.g. 

De Bondt 1996]. Most important class of R&D models for this thesis is the 

strategic investment models class, as the compound model, which will be 

formulated in chapter 4, belongs to this class. Commitment games and racing 

games receive less attention. Strategic investment models incorporate both market 

share and market expansion effects in multiple stage oligopoly games. One of the 

most influential models is the dAspremont & Jacquemin [1988] duopoly game, 

which will be scrutinised in detail in section 3.1.2. Commitment models are more 

straightforward with oligopolists deciding simultaneously on R&D investment 

levels and output level (or price level). The R&D race models present some highly 

valuable features, but fail to explain further firm interaction and outcome in the 

price (or quantity) competition. Race models concentrate on innovation timing and 

market failure issues.



63

The strategic R&D investment models share some key features13. The competition 

is of a multi-stage type, where firms first decide on R&D investment levels, and in 

the following stages set the output level (if product market competition is à la 

Cournot) or the price level (à la Bertrand). In the simplest form, the game lasts 

only two stages. Contrary to R&D racing models, the strategic investment models 

are of non-tournament type. Firms cannot prevent rivals of gaining from R&D by 

inventing and patenting first. Rather, all firms decide on individual R&D levels and 

achieve the gains irrespective of rivals R&D efforts. [De В ondt 1996]

Figures 3.1 and 3.2 depict both tournament and non-tournament types of 

competition. Figure 3.1 shows a non-tournament competition, where each firm 

follows an individual R&D path ending in an innovation that yields rents unrelated 

to rivals’ R&D effort. Equal investment in R&D guarantees equal rents.

Firm A R&D 
investment

Firm В R&D 
investment Innovation rents

Innovation rents

--------------- ^
Innovation time

Figure 3.1 Non-Tournament R&D Game Type.

Figure 3.2 shows that each firm now races towards the same innovation. In its 

extreme form the R&D race is of winner-takes-all type, where only the winner 

gains rents and loser only incurs costs for his R&D. In the figure, firm A invests 

more in R&D and hence wins the race. If the tournament is a winner-takes-all, then 

firm A captures all rents and firm В only incurs R&D costs.

13 The investment may as well be some other strategic investment, such as advertising.
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Firm B R&D 
investment

Firm A R&D 
investment Innovation rents

Innovation time Innovation time
for firm A for firm В

Figure 3.2 Tournament R&D Game Type.

Although firms’ R&D gains are irrespective of rivals R&D efforts in strategic 

investment games, there still remains firm interaction. Most strategic R&D 

investment models study the role of technology spillovers. Any single firm 

benefits from the total industry effort. Technological spillovers affect in the same 

manner as firm’s own R&D investments, but in smaller magnitude. Usually this is 

formalised with a spillovers term Q<y,<l, for each firm i in the industry. In the 

simplest form spillovers are assumed symmetric, so the spillovers are for all firms 

0<7<1. However, symmetric spillovers are quite far apart from reality. Capability 

to benefit from rivals’ R&D varies across firms (as it has been already noted). 

Under mixed oligopoly, the public firm naturally has the objective of maximising 

technological progress and spread of technology across the industry, whereas 

private firms endeavour to control knowledge flows and restrict rivals from 

acquiring knowledge for free. Formally, the mixed oligopoly spillovers can be 

expressed as 0<уРпУШе<УриЫк^ • In the extreme case, the public firm would 

dispense all its knowledge for free, i.e. уриьис= 1. This on the other hand may turn 

out to be undesirable. Firstly, private firms have now a clear case for freeriding 

public R&D. But, this is what Spence [1984] called for - publicly supplied R&D. 

Secondly, the variety of R&D is reduced. It is unlikely that one firm has enough 

resources so that it can produce R&D adequately to cover the whole spectrum of 

potential technological options, and succeed in picking the efficient R&D paths. 

The industry technological progress will be fixed to one technological standard, 

which if it is dynamically efficient is good of course. However, locking-in to one 

standard does not allow new standards to develop, and potentially leads to 

dynamic inefficiency. In this respect, R&D variety caused by duplication may turn 

out to be a better choice. Second justification for higher public technology
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spillovers is that public firms undertake proportionately higher level of basic R&D 

compared to private firms.

Commitment models introduce the same market share and market expansion 

effects as the strategic R&D investment models, but the decision making is done 

simultaneously [De В ondt 1996]. Where strategic investment and commitment 

models fail to explain the time structure of R&D competition, the race models hit 

directly this question. They explain the speed of technological advance and firms’ 

choices over R&D investments in respect of desired innovation date. On the other 

hand race models do not regard demand side, and leave the final product market 

competition intact. Furthermore, the R&D race models tend to take R&D and 

innovation as a pure financial good; though, the rewards from innovation can be 

interpreted as any advantage the innovator gains, as in e.g. Dixit’s [1988] model. 

All three model types compare market equilibrium to social optimum. Due to the 

market failure associated with R&D, market equilibrium always deviates from the 

social optimum. The racing models capture well the crowding effect, where Nash 

competitors dissipate future profits by racing to obtain the innovation. De Bondt 

[1996] specifies that larger R&D effort by Nash competitors reduce expected 

profits of competitors, if spillovers are small (i.e. they lay under the critical 

spillovers level). Finally, as R&D is fundamentally an uncertain process, this 

uncertainty is desirable also in the models. Commitment and strategic investment 

games seldom incorporate any stochastic features. On the other hand, uncertainty 

is well adopted in racing games.

3.1.2 d’Aspremont & Jacquemin Strategic Investment Model

d’Aspremont & Jacquemin [1988] construct a strategic R&D investment model for 

a duopoly, in which competition takes place in two stages. In the first stage, firms 

choose their respective R&D investment levels taking into account technology 

leakage to the rival. The second stage then is a Cournot quantity competition. 

d’Aspremont & Jacquemin [1988] study also the effects of co-operation in R&D 

stage, and in both stages (i.e. monopoly industry). They also scrutinise the 

associated welfare aspects. This paper has gained somewhat respect as being one
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of the fundamental strategic R&D models, on which further study has much been 

build on. One of the major improvements is done by Kamien et al. [1992], who 

criticise the co-operative set-up of d’Aspremont & Jacquemin [1988]. Their point 

is that co-operation should be modelled more as a joint venture, not as a plain joint 

profits maximisation problem. The joint venture would share all new knowledge, 

so the spillovers parameter would equal one, whereas in d’Aspremont & 

Jacquemin [1988] co-operation the spillovers term remains between zero and one 

indicating imperfect knowledge sharing.

The starting point of the model is a duopoly with a fixed linear demand schedule. 

The inverse demand function is D~l =a-bQ, where a, b>0. In the first stage the 

firms choose the desired R&D investment level jc„ /=1, 2. R&D are cost reducing. 

A fraction 0<ß<\ of R&D is spilled to the rival without compensation. The firms 

are assumed symmetric in all aspects. The common cost function is 
C, {q¡, x,, Xj )= (a - x¡ - ßxj )q¡, i=l, 2 and irf. Following restrictions on the

parameters are required to uphold soundness, 0<A<a, xt+ßxj<A and Q<a/b. The 

common profit function for the firms is

n¡ =(a- bQ)qi -(A-xt - ßxj )q. - y^-, i= 1, 2 and iV$f.

x2
The last term of the profit function, y-^-, is the R&D investment cost. The

maximisation problem for the firms is thus to first choose the maximising R&D 

investment levels, and in the second stage to choose the profits maximising output 

levels. The problem is solved through the familiar way of first solving the second 

stage, and then substituting the obtained result back and solving then the first 

stage for optimal R&D levels. By solving the second stage, the Nash-Coumot 

equilibrium can be attained as

 (a - A)+ (2 - ß X + (:Iß -1 )xj
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Figure 3.3 illustrates firms’ reactions functions. It is easily verified and seen that 

the outputs are strategic substitutes (reaction functions are downwards sloping). 

The figure 3.3 also shows how a change in appropriability conditions for the 

poorer (i.e. increase in ß) affects the firms. The continuous lines represent initial 

conditions with relatively good appropriability conditions (spillovers remain in the 

region, which d'Aspremont & Jacquemin [1988] hold as small spillovers). The 

dashed lines represent the final situation, where appropriability conditions have 

worsened significantly (spillovers magnitude is significantly over d'Aspremont & 

Jacquemin’s [1988] threshold for large spillovers).

i \ 111 ь 1111 \ 111 m 1111

----Firm 1 reaction curve (1)
- -Firm 1 reaction curve (2)

- Firm 2 reaction curve (1) 
• Firm 2 reaction curve (2)

Figure 3.3 Reaction Functions in d'Aspremont & Jacquemin [1988].

By substituting back the equilibrium output level, the maximum profit can be 

computed to be

n; = ¿ [(a - A)+ (2 - /)>, + (2P -1>,} - yä-, Щ, i. 1,2.
9b 2

d'Aspremont & Jacquemin [1988] note that this incorporates a triple effect of R&D 

investments: via output level, unit production cost and R&D costs. d'Aspremont & 

Jacquemin [1988] reach a unique (symmetric) solution at R&D level
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x, = ■ (a-Ap-ß)
4.5by-(2-ß\\ + ß) 

The total industry output is thus 

* * 2 (a-A)
Q =4i +<?2 = ~

,1=1,2.

4.5 by
ЪЪ lA.5by-{2- ß)^ + ß)

Clearly, each firm has to take into account the spillover effect. The intuitive 

assumption, which accords with the general theoretical findings, then would be 

that, if the firms are involved in competitive interaction, they would control their 

R&D investments, i.e. invest less the poorer the appropriability conditions are. This 

is easily verified. Comparative statistics yield

Э*' (а-4(2-1)г-4.5Ьу1
iß [4.5br-(2-ßll + ß)J '

Because second order conditions for a maximum require J-(2 -ß)2<by, 

equation (3.1) can be checked to be always negative. Hence, as ß grows, 

representing worsening in appropriability conditions, firms choose to reduce their 

R&D investments.

Following comparative statistics enlighten us how spillovers affect the firm-level 

optimal output level.

(3.2) dq‘ = ^y(a-AXl-2ß)
[4.5by-(2 + ß + ß2)J '

From this it is easily seen that, if /k0.5 then the profit maximising output level 

(and due to symmetry, the industry output) is increasing. If ß>0.5 then the output 

level is decreasing. The result could be interpreted so that, when the 

appropriability conditions are relatively good, the firms do not regard the 

spillovers so harmful to control them strictly. Slight increase in spillovers then 

induces increase in firm’s output, as the cost-reducing benefit from rival’s R&D 

overrides the negative effect induced by spillage of own R&D. The net change in 

effective R&D (i.e. total cost-reduction effect of industry R&D on firm’s costs) is
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positive. Only after the appropriability conditions become relatively poor (cut-off 

point now being /3=0.5), the firms start restricting R&D enough that the net effect 

of increase in ß on effective R&D becomes negative. Clearly, when the 

appropriability conditions are poor enough the firms turn reluctant to invest in 

R&D and consequently the production expansion effect is reversed.

The two other cases in the d’Aspremont & Jacquemin [1988] model introduce co

operation, first in the R&D stage. The firms maximise joint profits as function of x\ 

and *2.

П = n; + n; = -L i j[(„ - A)+ (2 - ß)x, + (iß -1>,} - ,j*i.

d’Aspremont & Jacquemin [1988] solve only the symmetric case x = x, = x2. 

Calculations follow same path as in the previous case. The unique equilibrium 

solution for the R&D level is

fø+lXa-A)
4.5by-(ß + if ’

and the equilibrium industry output is

ù = q 1 +q2 =
2(a - A) 4.5 by

ЪЪ _4.5by-(\ + ßY

The comparison between the fully competitive and the R&D co-operation cases 

shows that co-operation increases both industry R&D investments and output, 

especially in the case where appropriability conditions are poor (d’Aspremont & 

Jacquemin [1988] refer to ‘large spillovers’). Elimination of duplication, what 

they were expecting in the fully competitive case, does not reduce R&D 

investments in the co-operative case. Co-operation also provides higher profits, 

which could drive the firms towards product market cartelisation - if made 

possible.

Comparative statistics for behaviour in the optimal choices under different 

appropriability conditions can be calculated to be
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bx¡ _(a-ÁÍ4.5by+(j3 + \f] 
dß [4.5by-(ß + \fJ

dg, ^ 3y(a-AXl + ß) 

dß У.5Ьу- (1 + ß)2] ’

which are both easily checked to be always positive within the set parameter 

limits. So, the larger spillovers become, the higher become firms’ R&D 

investments and output levels. This is not surprising due to assumed co-operation 

in R&D, and subsequent increase in cost-reduction. So, when the industry 

approaches the joint venture case (referring to Kamien et al. [1992] study), where 

all new knowledge is shared, i.e. ß=\, the industry R&D investments and output 

are at their maximum level. It is common in real life that firms get involved in 

joint R&D efforts, but remain harsh competitors in final product markets. 

Therefore d'Aspremont & Jacquemin [1988] pure R&D co-operation case does 

have (at least in some cases) validity. If co-operation occurs only in R&D but firms 

remain competitive in product market, wider knowledge sharing (/? approaching 

one) increases social welfare, as technological change is faster and price level is 

lower.

Next d'Aspremont & Jacquemin [1988] study a monopolist industry. The firms co

operate now in both stages. Firms’ problem is to maximise the joint profit 
function

П = [a-bQte-AQ + (*l+/&2kl+(*2 + Al)?2-

Again the firms are symmetric implying x=x\=x2 and q=qx=q2. The joint profit 

maximising levels of R&D and industry output are given by

(д-aXi+I)
4by-(l + ß)2

, and

2b

4b y

4by-(\ + ß)2
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For relatively large spillovers, /fc>0.41, the monopoly invests more in R&D than the 

Nash-Coumot industry. Monopoly also invests more in R&D and produces more 

than the pure R&D competition industry. The comparative statistics for the pure 

monopoly case are revealed to correspond to those of pure R&D co-operation. Both

dx _ (a- A\4by+(l + ßf] and 
dß [4by-(\ + ß)2J

dQ _ 4y(a - AXI + ß) 
dß [4by-(l + ßf]

are easily checked to be always positive within the parameter limits. Again, this is 

understandable with the co-operative nature of the industry.

Finally, d’Aspremont & Jacquemin [1988] derive results for the social welfare 

maximising R&D investment level and industry output. By solving the social 

welfare maximisation problem

W(Q)= V(Q)- AQ + (1 + ß)xQ- ус2,

in which W is the social welfare and V is consumer surplus, they acquire the 

optimal R&D level

- _ (a-Ajl + ß)
2by-{ß + \)2'

for which the corresponding industry optimal output is

_ a-A 2by
b |_26y-(l + /?)2_

Both social welfare maximising R&D investment level and output level are 

increasing in spillovers, for both following comparative statistics are always 

positive within parameter limits.

dx“ _ (a - A^hy + (ß +1)2 ]

W [2*r-G8 + l)2f
>0, and
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dg** _ 4y(a-AXß + i) ^ 0 
dß b\2by-(\ + ß)2}

For relatively small spillovers (/M).4) the second best market structure is the non

co-operative case. This means that the duplication in R&D is not so severe, and the 

higher level of output secures higher social welfare than either one of the co

operative cases. d’Aspremont & Jacquemin [1988, 1990] show that the order of 

results is x** >x* >x>x and Q** >Q* >Q>Q for relatively small spillovers. 

Regarding to the Schumpeterian hypothesis, their results should be interpreted 

carefully - not to regard the monopolist (or R&D co-operative duopoly) inducing 

slower technological progress than the fully competitive stmcture. The results are 

for a given level of spillovers. As dAspremont & Jacquemin [1990] note, ß may 

vary depending on the contracts the duopolists make for technology transfer. In 

the context of telecoms de-regulation, the order for large spillovers (i.e. Д>0.5) is 

more interesting referring to the prevailing poor appropriability conditions in 

Finnish telecoms. The traditional clause to justify any liberalisation programme is 

that with injection of competition higher social welfare is attained. Now, this is 

partly dispelled. The closest R&D level to the social optimum is actually produced 

by the monopolist (co-operation in both stages). Full classification sequence is 

x** > x > x> x*. However, as it can be expected the monopolist will restrict 

output. The classification for output levels is Q * >Q>Q* >Q. Under poor 

appropriability conditions co-operation in R&D stage provides equilibrium, where 

production level is closest to the social optimum. So, under poor appropriability 

complete restriction of co-operation clearly yields lower social welfare and slower 

technological progress. The pure monopoly yields the highest R&D, but it also 

maintains the highest price level. Whereas R&D co-operation secures higher R&D 

efforts compared to full competition, but lower compared to pure monopoly. 

Firms in R&D co-operation though charge the lowest price, as they do not co

operate in terms of output.

If the privatisation programme and de-regulation of telecoms is taken as given, the 

clear policy issue arising from the above findings is for the government to uplift
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appropriability conditions, and simultaneously to inject competition. Failure in 

either one destroys welfare. This bases partly on the fact that poor appropriability 

conditions generally reduce incentives to do R&D, and partly on the findings by 

d’Aspremont & Jacquemin [1988, 1990]. Alternatively, the government could 

favour technology diffusion (i.e. maintain high ß) and inject competition in final 

product markets, but simultaneously support co-operation in R&D efforts.

3.1.3 Dixit’s R&D Racing Game and Dasgupta & Stiglitz’
Commitment Game

Dixit [1988]. Dixit [1988] models a competitive industry R&D race. The industry 

comprises a continuum of atomistic firms. Each firm solves a profit maximisation 

problem in respect to individual hazard rate. The hazard rate is the firm’s 

probability of success conditional to the industry probability of success. The firms 

are involved in a one-off winner-takes-all R&D race; i.e. the innovation is not 

superseded by a next generation innovation. The race ends to an innovation, which 

yields the innovator monopoly rents. Key feature is that the innovator is not able 

to fully appropriate the rents from innovation, but some of the rents are spilled to 

rivals (‘the spillover effect'). Dixit [1988] model captures also other sources of 

market failure associated with R&D. Firms face uncertainty over the R&D race. 

They can affect their individual hazard rates by choosing the level of sunk and 

recurrent R&D investments14. Simultaneously the firms affect the compound 

industry hazard rate, but fail to acknowledge this. 'The common pool' effect arises 

from free access to R&D race, and from firms’ failure to internalise their impact on 

the industry hazard rate. Consequently, the market equilibrium diverges from the 

social optimum.

The most valuable contributions of Dixit [1988] are the comparisons between 

competitive market equilibrium and the social optimum. The spillover effect 

causes disparity between market and social equilibrium. An individual firm does

14 Dixit [1988] interprets these as capital and labour costs respectively.
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not internalise the spillover effect, whereas the social planner takes it into account 

in his social welfare maximisation problem. The social planner solves equivalent 

cost-minimisation problem as the individual firm to obtain the first order 

condition for industry hazard rate.

The comparison of the first order conditions gives the main results of the model. 

The spillover effect causes the social return to exceed the private return to R&D 

implying private underinvestment. The other source of disparity between the two 

conditions is the common pool effect. With free access to R&D, the race to ends 

quickly, because firms compete harshly to capture the innovation rents, but 

simultaneously a share of the rents is dissipated in excessive R&D efforts. Whether 

the competitive market takes up too little R&D or excessive R&D from the social 

standpoint, is determined by the sum of these two externalities. Dixit [1988] 

shows that the profit maximising firm hazard rate level depends on private return 

to R&D, compound industry hazard rate and the discount factor.

Considering a more concentrated industry, where the firms acknowledge their 

impact on the industry hazard rate (i.e. the firms internalise at least some of the 

externality), the firms have less incentives to take up R&D. This produces longer 

innovation time. As the spillover effect does not enter oligopolists’ profit function 

and large firms internalise more of the negative crowding effect, the subsidies for 

larger firms should be larger if socially optimal R&D level is desired. [Dixit 1988]

Dasgupta & Stiglitz [1980a, 1980b]. Dasgupta & Stiglitz [1980a, 1980b] 

model characterises an imperfectly competitive industry that is involved in R&D. 

R&D investments are the sole decision variable for the firms. The game is one-off 

winner-takes-all race.

First result is that a pure monopolist protected completely from entry undertakes 

socially sub-optimal level of R&D. Key driver in the R&D competition is the 

pressure of competition. For a competitive industry with all firms holding Cournot 

conjectures of each other, the race ends up with only one firm performing R&D. 

The eventual R&D race winner has to invest adequately in R&D in order to secure
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victory. Race outcome is that the victor ends up investing so much that all 

extraordinary post-innovation rents are dissipated. Elimination of rents is due to 

the crowding effect inflicted by the public good nature of R&D and free access to 

R&D race. It is not certain, however, that the competitive R&D level exceeds social 

optimum. Whether the race victor over- or underinvests compared to social 

optimum depends on the magnitude of the present value of post-innovation rents 

and demand elasticity. A game, which leads to socially excessive investments, is 

illustrated in figure 3.4.

R&D inputs, costs

payoffs (social)

payoffs (competition)

Figure 3.4 Innovation Times in Dasgupta & Stiglitz [1980a, 1980b].

Naturally, the higher post-innovation rents are, the more likely the victor is to 

over-invest. More elastic demand curves are also more likely to produce over

investment. Highly interesting result is that with a credible announcement of 

intention of winning the race victor can reduce his R&D investments to pure 

monopolist levels and gain positive extraordinary post-innovation rents, because 

other firms are discouraged to start.

Last interesting result of Dasgupta & Stiglitz [1980a, 1980b] is derived from the 

case of initial monopolist, but with free access to R&D. In this case, Dasgupta & 

Stiglitz [1980a, 1980b] show how the initial monopolist always chooses to secure 

victory in the race. The monopolist has high interest in deterring entry to market, 

and a monopolistic industry has therefore a tendency to remain monopolistic, if no
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constraints are set for the monopoly. However, this result does not indicate lack of 

competition. Rather, there exists a continuous threat of entry, which causes the 

monopoly to remain innovative in order to secure its monopoly position. 

Furthermore, the monopolist faces larger incentives to innovate than a competitive 

firm does. Regarding to the Schumpeterian hypothesis, this last result shows how 

a present monopoly does undertake a higher level of R&D than a competitive 

industry does, but only under free entry. Whether the monopolist undertakes 

socially too little or too much R&D depends again on e.g. present value of post

innovation rents and demand elasticity. Moreover, as always, the model results all 

depend on the set of initial assumptions.

3.1.4 Common Patterns in Spillovers Models

Some common patterns seem to form a robust set of stylised facts for spillovers. 

The difficulty in establishing any of these facts, is caused by the ambiguous effect 

of spillovers on firms’ R&D investments. In general, intra-industry spillovers 

reduce the incentives for non-co-operative firms to perform R&D [De В ondt 1996]. 

The reduction is higher the larger the spillovers are. It could be argued therefore 

that competitive firms prefer applied R&D, which involves smaller spillovers, to 

basic R&D. Larger spillovers on the other hand may induce co-operation in R&D. 

Furthermore, co-operative R&D are stimulated by larger spillovers [De Bondt 

1996]. However, asymmetries in capabilities of absorbing new knowledge may 

reverse these results. Especially, if one firm is more capable of profiting from 

spillovers, its R&D efforts can be increased to force a higher level of industry R&D. 

For symmetric spillovers, De Bondt [1996] presents a common relation for 

spillovers. This is illustrated in figure 3.5.
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R&D investment

R&D joint venture 
cartel solution

R&D joint venture 
Nash equilibrium

Critical spillover level

Figure 3.5 Strategic R&D Investment as a Function of Symmetric 
Spillovers under Linear Demand [De Bondt 1996].

Common pattern for non-co-operative R&D competition is that firms’ R&D 

investment levels decrease as spillovers grow in importance, whereas co-operative 

R&D investments increase with higher spillovers. At the critical spillovers level 

these two equal. Kamien et al. [1992] find that the highest R&D investment level is 

attained with R&D joint venture cartel, which jointly maximises profits and shares 

all knowledge (i.e. perfect spillovers, y=\). This is indicated by the top right 

comer point in figure 3.5. De Bondt [1996] argues that non-co-operative effective 

R&D is maximised at y=Vi for homogeneous products, and at for

differentiated products. The maximum spillovers cut-off point tends to increase as 

the industry becomes less competitive due to product differentiation [De Bondt 

1996]. Figure 3.6 depicts the relation. Effective R&D are the total benefit of own 

R&D and the positive spillovers of industry R&D.

De Bondt [1996] reports that in strategic R&D investment models with quadratic 

innovation payoff functions firms reaction curves are upward sloping, if spillover 

level exceeds the critical spillover level. The firms’ R&D investments are then 

strategic complements, in Bulow et al. [1985a] terminology. If spillovers remain 

under the critical level, the reaction curves are downward sloping. In this case, the 

R&D investments are strategic supplements. Figure 3.7 depicts the reaction curves.
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Homogeneous goods

Effective R&D

Strategic R&D 
investment

spillovers

Differentiated goods

Figure 3.6 Effective R&D and Strategic R&D Investment as Function of 
Spillovers Level [De Bondt 1996].

From this, it follows that co-operation under small spillovers reduces R&D efforts, 

and for large spillovers co-operation increases R&D efforts. This can be verified by 

studying figure 3.7. As firm A undertakes R&D, an R&D share spills to competitor 

B. As a consequence, both firms’ reaction curves shift outwards. The higher the 

share of spillovers, the further outward does firm B’s reaction curve shift. This 

result on R&D reaction functions does not hold across all models, though. De 

Bondt [1996] notes that for R&D race models the case for small spillovers laying 

under the critical level yields upward sloping reaction functions.

Finn A R&D 
reaction curve

Firm В R&D 
reaction curve

Firm A Price

Spillovers exceed the critical level.
R&D investments are strategic complements.

Firm A R&D 
reaction curve

Firm В R&D 
reaction curve

Firm A Price

Spillovers are below the critical level. 
R&D investments are strategic substitutes.

Figure 3.7 R&D Investment Reaction Curves under Quadratic Payoffs.

From the welfare point of view, De Bondt [1996] reports that under symmetric 

spillovers, in a not too differentiated non-co-operative oligopoly with many firms
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welfare first increases but later decreases with spillovers. For more co-operative 

industries, welfare tends to increase with larger spillovers.

Kantien et al. [1992] formulate an extension of the d’Aspremont & Jacquemin 

[1988] model. Their model departures from the d’Aspremont & Jacquemin [1988] 

model in market structure - namely that there exist more than two firms. 

Furthermore, Kantien et al. [1992] R&D production function is a general concave 

function and product market is differentiated. R&D are directed to lower unit 

production costs. Their interest is the same as d’Aspremont & Jacquemin’s [1988], 

but Kantien et al. [1992] go a little further in modelling R&D co-operation. They 

study four different cases, of which two are mere extensions to d’Aspremont & 

Jacquemin [1988] model introducing n firms and more general R&D production 

function. The two other cases describe a research joint venture, which co-ordinates 

R&D. The research joint venture shares all knowledge within the joint venture, so 

the spillovers parameter is set at unity within the entity. In d’Aspremont & 

Jacquemin [1988] co-operation in R&D was formulated by maximising joint 

profits, but maintaining incomplete knowledge sharing. Kantien et al. [1992] 

argue that research joint venture is the proper way to model co-operation in R&D, 

because all knowledge is shared, whereas d’Aspremont & Jacquemin [1988] 

approach does not allow deliberate knowledge sharing but simply an agreement of 

unilateral R&D investments to maximise joint profits. Essentially, co-operation 

modelling in both cases is not too unlike. The difference is created by setting the 

spillovers parameter to unity and considering individual R&D efforts as one 

common effort for the research joint venture. What Kantien et al. [1992] do not 

consider is co-operation in the product market, rather all of their cases involve 

Cournot competition in the final product market. Nevertheless, with reason they 

do ponder whether co-operation in R&D would also extent eventually to the 

product market as well. This development of either tacit or explicit collusion is an 

actual hazard.

First case in Kantien et al. [1992] is competition in R&D, where all firms maximise 

individual profits, and do not co-operate in R&D (case N). Second case involves
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joint profit maximisation (an R&D cartel), but no co-ordination in R&D (case Q. 

Third case is a research joint venture with firms still maximising individual profits 

(case NJ). Fourth case is a research joint venture cartel, where firms co-ordinate 

R&D and maximise joint profits (case CJ). Mark Хь k=N, C, NJ, CJ, the indicated 

strategic R&D investment level. Results of Kamien et al. [1992] for all spillovers 

levels ß are

Xa>Xc>XNJ
XCJ >XN> XNJ and
XC>XN, when Ç < 2ß (with equality holding at Ç = 2ß).

Parameter Ç is the product substitutability parameter. The results tell us that 

research joint venture cartel presents highest level of R&D. This situation is 

illustrated in figure 3.5 by the point ‘R&D joint venture cartel solution’ in the top 

right comer. The right side (where spillovers equal one) of the same diagram 

represents the research joint venture cases. Lowest R&D investment on the other 

hand is provided by the research joint venture competition, with the two non-co

operative R&D cases situated in between. The spillovers externality drives the 

differences between cases. By comparing the two non-co-operative cases (N and 

Q, Kamien et al. [1992] show that the spillovers externality is positive for the 

cartel (case Q, only if spillovers are sufficiently large. Then the cartel invests 

more than the competitive industry. This is presented in the above results on the 

last row. The order of the research joint venture investments is an interesting 

result. As Kamien et al. [1992] note, the research joint venture cartel solution 

yields highest R&D investment, but the Nash competition with research joint 

venture provides the lowest R&D investment of all four cases studied. Kamien et 

al. [1992] show that this result bases on firms freeriding. Competitive firms prefer 

to freeride in the research joint venture when spillovers grow large. Freerider 

effect is understandably nullified in the cartel case.

Under the initial assumptions of Kamien et al. [1992], the above results are easily 

expanded to cover R&D productivity as well. Further results follow from R&D
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productivity corollary for product price levels. Kamien et al. [1992] show that 

from the above results, it follows that

/(xa)>/(xc)>/(x„)
/(х„)а/(х„)а/(х„)
/(Xc)>/(X„)ifffS2A

where function / is R&D productivity, which partially defines the unit production 

cost as c-fiX). The / function is assumed twice differentiable and concave, and is 

bounded by /(o)=0,/(x)< c, f'(x)> 0, and lim f'(x)= 0 for all X>0. From the
X—»<*>

above it directly follows that it holds for product price levels

Pa<Pc<PNJ
PCJ<PN<PNJ
Pc<PN,iffÇ<2/3.

By comparing the results clauses, it can be noted that research joint venture Nash 

competition yields the lowest technological advancement, as well as highest 

product price. Research joint venture cartel provides highest R&D investment 

level, and lowest product price giving highest total welfare (profits plus consumer 

surplus). Kamien et al. [1992] thus suggest that should an industry fulfil their 

model set-up, firms in such an industry should be encouraged to form research 

joint ventures, but only if they act as a cartel and compete in the final product 

market. Product market competition however, is debatable, as Kamien et al. 

[1992] argue that complete industry cartelisation induce even higher technological 

advancement than the joint venture cartel. Negative side for pure cartel is that it 

may hold a higher price. However, the price can be higher, even if total welfare is 

higher than in the research joint venture cartel case.

Comparing with d’Aspremont & Jacquemin [1988, 1990] results for small 

spillovers (/M).4) the order of price levels in Kamien et al. [1992] for non-co

operative cases (cases C and N) agree.

Finally, Kamien et al. [1992] consider some extensions to their model. Most 

importantly, if firms, instead of Cournot competition, are involved in Bertrand
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price competition in the second stage the results do not change. However, some 

limitations are required for the substitutability parameter Ç..

Suzumura [1992] presents another extension of the d’Aspremont & Jacquemin 

[1988] model. He considers a more general industry than d’Aspremont & 

Jacquemin [1988], but one that essentially founds on the same line of assumptions 

over demand function and R&D productivity. Suzumura stresses the strategic 

substitutability of firms’ output in his model, but as he notes, assumption over 

strategic substitutability of second-stage strategic variables is in fact satisfied in 

the dAspremont & Jacquemin [1988] model as well, for strategic substitutability 

is natural for Cournot competition with homogeneous products. Comparing with 

Kamien et al. [1992] model, Suzumura [1992] does not go as far in modelling 

R&D co-operation. Rather, he follows more closely the reasoning of dAspremont 

& Jacquemin [1988] with his co-operative R&D scenario. If Suzumura [1992] falls 

short in modelling co-operation in R&D, he gains in higher generality in functions. 

He acknowledges though the restrictions for model generality set by the symmetric 

nature of derived results for quantity competition. The symmetry assumption is 

held throughout the paper.

Generally, Suzumura’s [1992] results are in line with those reported in 

dAspremont & Jacquemin [1988, 1990] and Kamien et al. [1992]. Due to more 

general nature of his functions, Suzumura [1992] does not derive explicit results, 

but provides comparison at the margin of different equilibria. The two cases he 

studies are non-co-operative industry in R&D and in product market (à la Cournot), 

which is comparable with the one of d’Aspremont & Jacquemin [1988] non-co

operative case and Kamien et al. [1992] case N, and co-operation in R&D with 

Cournot competition in product market, which is comparable with dAspremont & 

Jacquemin [1988] co-operation in R&D with competitive product market case and 

Kamien et al. [1992] case C. In stead of numerical values for spillovers, Suzumura 

[1992] provides following definition for ‘sufficiently large spillovers'. Spillovers 

are sufficiently large, if the market expansion effect dominates the market share 

effect of spillovers. Market expansion effect defined here as the expansion of
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competitors’ (and thus total market) output due to generally lowered production 

costs as a result of spillovers. Market share effect on the other hand is the negative 

effect on competitors’ output level due to improved market position of the R&D 

performer. The market share effect is weakened by spillovers. Analogies with the 

definitions ''competitive leakage' and ‘market expansion effect' by De Bondt 

[1996] are crystalline.

First result from Suzumura [1992] is not surprising. Both R&D performer’s and 

Coumot-Nash aggregate equilibrium output increase, if the firm increases its R&D 

investments regardless of the magnitude of spillovers. Rest of the main results 

concentrate on comparison of market equilibria with first- and second-best welfare 

equilibria. Firstly, Suzumura [1992] finds that both market equilibria R&D 

investment levels fall short of first- and second-best welfare equilibria (mark Xn 

for non-co-operative case, and Xc for R&D co-operative case, and XF, Xs for first- 

best and second-best welfare equilibrium R&D levels respectively). Hence, 

Suzumura [1992] argues that any technology policy towards increases in R&D 

investments is welfare improving. He also scrutinises the industry equilibrium in 

the absence of spillovers. In this case, he finds that the co-operative R&D 

investment level remains insufficient compared with both first- and second-best 

social welfare equilibrium. On the contrary, the non-co-operative industry may 

invest excessively in R&D compared with both social optimums. Lastly, increase 

in R&D investments at non-co-operative equilibrium increases firms’ joint profits 

level at margin, if spillovers are sufficiently large.

Table 3.1 below summarises the results obtained in the three strategic investment 

games studied here in detail. In the table 3.1, X refers to R&D investment, Q to 

output level, and P to price level. Indexes refer to those used in the discussion 
over the results earlier.
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Table 3.1 Ranking of Results of Strategic Investment Models. a

Spillovers 0<tf<0.4 0.4</kl

d'Aspremont & Jacquemin X** >x* >X>X X** > X > X > X*
[1988, 1990] Q”>Q'>Q>Q Q'*>Q>Q'>Q

Spillovers 0</?<</2

Kamien et al. [1992] Xa>XN>Xc>XNJ Xa>Xc>XN> XNJ

Pa — Pn — Pc — Pnj Pa — Pc - Pn - Pnj

Spillovers Small soillovers Sufficiently large b

Suzumura [1992] Qf>Qn Qf>Qn

with symmetric R&D Xc insufficient at margin XN insufficient at margin

profile Xc insufficient at margin

a As always, the reported results are obtained only under initial assumptions. In this case, the assumptions converge with 

minimal differentiation. Notably, d'Aspremont & Jacquemin [1988, 1990] model being the most specific model of all and 

Suzumura [1992] being the most general.

b ‘Sufficiently large spillovers’ indicates that market expansion effect dominates market share effect [Suzumura 1992].

Clearly, the results show how the basic Schumpeterian hypothesis fails to capture 

the whole picture of strategic R&D. Even by abstracting everything else but 

industry appropriability conditions, one can derive results that either support or 

contrast the basic hypothesis. The most distinctive common, though not very 

astonishing, result is that in none of the models, markets succeed in producing 

socially desirable level of R&D.

Suzumura & Yanagawa [1993] apply the analysis of Suzumura [1992] to study 

modifications to Suzumura [1992] results, if the second stage competition is done 

in prices. In other words, the products in second stage are strategic complements 

instead of strategic substitutes as in Suzumura [1992] paper (as well as in 

d’Aspremont & Jacquemin [1988] and Kamien et al. [1992]). Strategic 

complementarity and substitutability are defined in the usual way defined by 

Bulow et al. [1985а]. For a duopoly, it is required to hold

d27Ci (p,x)
-----¡-------> 0, for strategic complements, and

dp,dpj
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— ' ’ < О, for strategic substitutes,
dp'dpj

where price and R&D investment vectors are p = [pi pj J, and x = [x, Xj J, i,

7=1, 2 and z>ÿ. Firm’s profit is indicated by щ. Usually strategic complementarity 

is associated with price competition and strategic substitutability with quantity 

competition.

Suzumura & Yanagawa [1993] show that cost-reducing R&D unambiguously 

reduces Bertrand-Nash equilibrium price irrespective of the magnitude of 

spillovers, if products are strategic complements. For strategic substitutes, the 

analysis is slightly more complex. If spillovers are large, the equilibrium price for 

all products rises, if one firm increases its R&D investments. However, if 

spillovers are small, the price of non-R&D-performer decreases. Suzumura & 

Yanagawa [1993] apply the standard reaction function diagrams to illustrate their 

results. Figure 3.8 presents their findings for a two-firm case. Initial equilibrium is 
£°. Firm A increases its R&D investments, thus shifting his reaction curve 

outwards. Due to spillovers also firm B’s reaction curve shifts, but less than the 

R&D performer’s. New equilibrium is E1 under strategic complementarity. Under 

strategic substitutability, new equilibrium is either E1S, if spillovers are small, and 

E1L, if spillovers are large.

Second main result of Suzumura & Yanagawa [1993] paper is that, irrespective of 

the magnitude of spillovers, both non-co-operative and co-operative (i.e. joint 

profits maximisation in the first stage) cases under price competition (implying 

strategic complementarity of final goods) yield insufficient amount of R&D 

compared with first- and second-best social optimums. Notably, Suzumura [1992] 

results were spillovers magnitude dependent for the non-co-operative case.
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Firm A Price Firm A Price

Strategic complementarity. Strategic substitutability.

Figure 3.8 Duopoly Equilibrium for Cost-Reducing R&D [Suzumura & 
Yanagawa 1993].

3.2 Network Economics Models

Recently, the network economics has gained much attention also outside the 

economist group due to global network growth stories, such as Microsoft and 

Yahoo!. Following is a survey on common patterns and findings of the central 

pieces of the academic literature.

3.2.1 Common Patterns and General Findings

Obvious starting point is to discuss the dynamics associated with increasing 

returns with a survey on the seminal papers by Arthur [1989] and David [1985]. 

The particular nature of network economics is a consequence of the positive 

externalities network structures can create. Absolute and relative network 

membership numbers are in centre point. These influence the network adoption 

behaviour of consumers. Figures 3.9, 3.10 and 3.12 show the differences of 

technology adoption dynamics under constant returns, decreasing returns and 

increasing returns respectively. The figures illustrate Arthur’s [1989] findings 

from his basic case, where network adoption is affected only by past adoption 

numbers. Consumers do not hold any expectations about the future market shares. 

In all figures, the technologies and consumer preferences are assumed symmetric.
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Figure 3.9 Technology Adoption in the Presence of Constant Returns.

In figure 3.9, the market is eventually split between the two technologies, in the 

proportion of consumers preferences. Consumers are not affected by number of 

earlier or future adopters. Same type of consumer always chooses same 

technology irrespective of his adoption date and of past adoptions. Assuming 

random adoption pattem, then a new adopter always has the same probability of 

adopting one technology. The figure 3.9 illustrates a case, where exactly half of 

the adopters prefer type A, and half prefer type B.

Difference in 
adoptions of A and В

A leads Both adopter types choose A

Total adoptions

Х\\\Хч\\\\\\\\\<\\\\\\\\\\\\\\\\\\

В leads Both adopter types choose В

Figure 3.10 Technology Adoption in the Presence of Decreasing Returns.

In the figure 3.10, both technologies present decreasing returns. The ‘walls’ reflect 

the adoption path back towards the middle, averaging the adopter numbers of the
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two technologies. Once one technology gains higher market share, consumers 

increasingly begin to favour the other technology. Random events cause 

fluctuations around the mean. Eventually, as the adopter numbers grow very large, 

the market is split between the two technologies.

The outcome is the same as in the previous case. Small random events reduce to 

immaterial. This case is the traditional economic system that finally yields a single 

equilibrium. Assuming a random adoption pattern, then the probability of a 

consumer adopting one technology, say A, decreases as the absolute number of 

consumers who have already adopted technology A increases. The probability 

function is illustrated in figure 3.11.

Total No. of 
adoptions of A

Figure 3.11 Probability of Adoption of Technology in the Presence of 
Decreasing Returns [Arthur 1990].

A single stable equilibrium emerges as consumers decline adopting technology A 

as total number of previous adopters increase. The small arrows in figure 3.11 

indicate the probable direction of market development in the course of time.

Figure 3.12 illustrates the basic case in Arthur [1989]. Here both technologies 

present increasing returns. The adoption path is directly applicable to any network 

structure, where there exist positive network externalities. Random events cause 

fluctuations, but once a critical number of adopters is gained by one technology 

that technology becomes irrevocably locked-in.
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Figure 3.12 Technology Adoption in the Presence of Increasing Returns 
[Arthur 1989].

In figure 3.12, technology В succeeds in becoming locked-in, and technology A 

withers. The walls are now absorbing. The consumers who would initially prefer 

to adopt technology A start preferring technology В instead, as the network value 

created by earlier adopters grows. Once all consumers, irrespective of their initial 

preferences, opt for technology B, the technology becomes locked-in. 

Technologies cannot co-exist in the long run. Assuming again random adoption 

process, the probability of new adopter to opt for a technology, say again 

technology A, grows as the total number of predecessors have adopted same 

technology A. Figure 3.13 illustrates the probability function. The situation 

illustrated there is a market with only two competing technologies. The system 

involves two stable equilibria: one with only a few consumers adopting A (assume 

consumers partaking in adoption process only once). These adopters are those, 

who have adopted A in'the very early stages. Second equilibrium is almost all 

consumers adopting same technology A (if consumers can choose only once, then 

there exist a small number of adopters who adopt rival technology B). If 

consumers are allowed multiple adoption decisions in the course of time, then all 

consumers end up choosing technology A, and the rival technology В attracts no 

adopters. The small arrows indicate market dynamics towards the equilibrium 

points.
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Total No. of
adoptions of A

Figure 3.13 Technology Adoption in the Presence of Increasing Returns 
[Arthur 1990].

Importantly, the adoption path does not necessarily lead to a lock-in in a superior 

technology. Arthur [1989] notes that, if a superior technology runs into a sequence 

of disadvantageous events at the beginning, the technology may easily lose to a 

dynamically inferior technology, which just happens to enjoy a good start. It is 

good to remind here of Galbraith’s [1952] arguments about the insufficiness of a 

head start. Obviously, in the presence of increasing returns his argument is 

spurious, as even a modest lead in the early stages of a technology race may be 

sufficient to secure a lock-in. Moreover, small firms are not in such a 

disadvantageous position. Initial success can trigger a long-term success story. 

This directly is what was argued earlier that firm size and market power become 

separated in the presence of increasing returns and Creative Destruction. The 

sufficiness of a head start attracts early investments. Firms may want to bring 

forward the innovation date to gain lead-time. To support to Arthur’s [1989] 

theoretical findings, David [1985] provides some examples of the importance of 

early historical events, particularly the classic QWERTY case15.

Katz & Shapiro [1986] present a model of technology adoption in the presence of 

network externalities. The adoption of technology can without problems be

15 The classic lock-in story of qwerty by David [1985] has recently been contested, whether it really presents a relevant 

case of lock-in to an inferior technology [Economist 3.4.1999].
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thought as adoption of mobile network. Their model includes two firms each 

offering a competing technology. Consumers adopt either one technology during a 

game of two periods. Consumers benefit from demand side positive network 

externalities. Their choices are affected by historical sales (i.e. current number of 

consumers who have already adopted), and by expectations on future adoptions. 

This is the biggest difference between Arthur’s [1989] basic case and Katz & 

Shapiro’s [1986] model. Consumers that adopt in the first period acknowledge 

that future adopters are affected by their decisions. The consumers are assumed to 

have perfect foresight so that they know the future value of each technology. This 

is a strong assumption, for e.g. David [1985] and Arthur [1989] both show how 

small incidents may determine the future, especially as uncertainty is ever present. 

With mobile networks, perfect foresight is somewhat less severe assumption. With 

reason, consumers can be assumed to have (at least some) insight of near future 

market shares. In Katz & Shapiro [1986] model, consumer adoption behaviour 

causes a market failure, as no consumer regards the positive network externality of 

his decision falling on the same period. The market failure is caused by consumer 

behaviour similar to the behaviour of firms failing to internalise their impact on 

compound industry hazard rate in Dixit [1988]. In neither study the economic 

agents internalise the externality (positive in Katz & Shapiro [1986], negative in 

Dixit [1988]) induced by their actions.

The two technologies can be either sponsored, indicating that a firm can 

strategically manipulate markets (e.g. penetration price), or unsponsored. If either 

technology is regarded as superior (e.g. cost advantage) in the first stage, this 

technology possesses a strategic first-mover advantage. A technological lock-in 

may occur, if the advantage is large enough. Gaining of first-mover advantage 

may lure firms to penetration price at the first stage. On the other hand, if one 

technology is superior in the second period, it possesses a second-mover 

advantage. Consumers are able to see that in the second period, the other firm 

utilising inferior technology is unable to make any sales and its technology will 

subsequently lose (perfect consumer foresight). If the second-stage superiority is 

large enough, then all consumers will adopt this technology, even if it is inferior in
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the first stage. If the second period of the game is assumed to last infinity, the 

result is easy to understand.

Katz & Shapiro [1986] go through three different set-ups. Firstly, neither firm 

sponsors its technology. Secondly, only one firm sponsors its technology. Finally 

and most interestingly, both firms sponsor their proper technology. The last case 

illustrates a case of two new technologies competing in an emerging market.

With unsponsored technologies, consumers tend to favour that technology, which 

is superior at the time. Hence, initially superior technology possesses first-mover 

advantage. This lays basis for standardisation. Importantly, the initially superior, 

but socially (dynamically) inferior technology has an advantage in becoming the 

standard. Also, the larger initial consumer base is the easier it is for that 

technology to become the standard. Initial asymmetries in consumer bases are 

determinant. On the other hand, high enough second-mover advantage secures 

victory for that technology. Then social (dynamic) efficiency is established.

When one technology is sponsored and the other one is not, the sponsored 

technology has an advantage due to sponsor’s capability to internalise network 

externalities generated by first-adopters. The sponsored technology is able to 

capture consumers by subsidising sales in the first stage. This causes a bias 

towards higher adoption of the sponsored technology. Importantly, the sponsored 

technology needs not to be superior in either stage to be more adopted.

The third case in Katz & Shapiro [1986], where two sponsored technologies 

compete, is the most interesting. In the second period, both firms are able to price 

as far as marginal cost, but not below. So, the superior technology that enables to 

price lower (yield higher consumer surplus) has now a strategic second-mover 

advantage. Even if the technology superior in the second period has disadvantage 

in the first period, the sponsor may subsidise initially and capture the whole 

market. The sponsor for inferior technology in the second stage is incapable of 

subsidising his technology to the same extent. Consumers are able to see through 

this game and opt for the second-period superior technology.
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Final section of Katz & Shapiro [1986] paper discusses a case of durable goods 

monopolist. They argue that a firm with market power in the second period in fact 

has to cope with reduced demand in the first stage. The reason for this is that 

consumers see through the game and recognise firm’s future utilisation of market 

power. Therefore they have less incentive to opt for that technology and may 

prefer an unsponsored technology instead. The result is just the opposite to their 

basic case. The unsponsored technology can now credibly commit to marginal 

pricing in the second period. Sponsor’s problem is how to commit to a ‘low’ price 

instead of the profit maximising ‘high’ price in the second period. Katz & Shapiro 

[1986] do not actually give any solutions to sponsor’s problem, but suggest that 

e.g. R&D investments may solve the problem. Indeed, if the sponsor invests 

sufficiently in cost-reducing R&D in the first stage, the consumers see that the 

price will be lower in the second period and they regain incentives to opt for the 

sponsored technology. Similar outcome may be obtained with e.g. investments in 

capacity, which will provide exploitation of economies of scale. On the other 

hand, high investments may deter entry, which, if the consumers acknowledge 

this, again reduce demand. A firm investing a lot gains future market power. It is 

questionable whether consumers can recognise (i.e. have perfect foresight) entry- 
deterrence, though.

The recent papers by Armstrong [1998] and Laffont et al. [1997, 1998] take a 

different approach to networks. They investigate more the implications of market 

shares on product market competition in the presence of network externalities. 

Both Armstrong [1998] and Laffont et al. [1997, 1998] directly consider telecoms 

networks, but concentrate more on fixed networks and on the interconnection 

issue. Both follow quite closely the same path of investigation. A deeper 

examination of the Laffont et al. [1998] paper, which is parallel to their earlier 

paper Laffont et al. [1997], is presented. Laffont et al. [1998] gains similar weight 

in importance as the dAspremont & Jacquemin [1988] model in this thesis. These 

two models establish the foundations of the compound model. Wherever
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Armstrong [1998] departs from the common line of study, those differences are 

examined in more detail; otherwise, Armstrong [1998] receives less attention16.

3.2.2 Laffont et al. [1997, 1998] Network Competition Model

Network externalities in Laffont et al. [1997, 1998] papers is reflected on 

telecoms operators’ competition for market share. Increase in market share has a 

multiple effect on revenues: through increased subscriber base, through increased 

number of internal calls, and increased outflow of cross-networks calls. Laffont et 

al. [1997, 1998] studies lack the dynamism of Arthur [1989], yet they are not 

aimed at the same issues. Taking a more dynamic approach, Arthur’s [1989] 

dynamics strengthen the positive effects of increased market share.

Laffont et al. [1997, 1998] have interest in establishing the imperfections in telco 

competition. First main issue is whether telcos choose to collude and co-operate 

with the help of interconnection agreements. Second main concern is whether, in 

the early stages of competition, a dominant incumbent operator chooses to use the 

interconnection charges as a device to deter entry. Focus of Laffont et al. [1997, 

1998] studies are inspired by the de-regulation issue. The value of Laffont et al. 

[1997, 1998] papers to this thesis lies particularly in the model formulation. Less 

interest is in the analysis of interconnection and non-reciprocal access charges and 

sophisticated pricing schemes, as the focus here will remain in the strategic telco 

R&D and price competition. Reflections on the de-regulation issue are also centred 

on R&D competition.

The main body of Laffont et al. [1997, 1998] articles considers a mature telecoms 

market, where there exist two symmetric operators. This describes a market, 

where entry to the former national monopoly market has taken place, and the 

entrant has already established itself as an equal choice for consumers. The 

maturity of the market also implies that the technological discontinuity that

16 The most significant difference between the two studies is that Laffont et al. [1997, 1998] consider more general pricing 

schemes.
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launched the transformation from fixed domain to mobile communications has 

lost its driving force. Industry progress is driven by competence enhancing 

technological change. The technological set-up of Laffont et al. [1997, 1998] 

studies is held in the compound model of chapter 4 as well. Both firms operate 

own full coverage networks, so there are no geographical limitations; and the 

networks are interconnected allowing consumers to place calls from one network 

to the other. The authors abstract any access quality conditions away, so the 

network interconnection interaction involves only agreeing over the 

interconnection access charge a¡, i=l, 2. Should the operators reach an agreement 

over reciprocal access charge, then a\=a2=a holds.

Consumers derive utility from belonging to a network, and placing calls. 

Consumers are assumed to be uniformly distributed on a segment [0, 1]. One 

operator is located at each end of the segment. Given a consumer income y and 

consumption of telephony q, total utility for a consumer is given by

У + Vq -t\x-x,\ + u(q),

where vo is a fixed surplus of belonging to a network, difference t\x - x¡ | is the 

cost for having to join a network x¡ while located at x. Utility function u(q) is

V

which yields the standard constant elasticity demand function,

q = p~”,

where the parameter 77 is the price elasticity of demand. Laffont et al. [1998] 

assume that the elasticity of demand exceeds one, which does not to fit empirical 

price data. Demand for telephony in Britain in the early 1980’s was estimated to 

be inelastic. The estimate for elasticity of local calls was around 0.1. At high end, 

price elasticity for off-peak international calls to the U.S. was around 0.84 

[Littlechild 1983]. Another important issue regarding price elasticity is that entry
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prohibits an incumbent monopolist to fully exploit monopoly rents. Entry, 

strengthened with threat of entry, causes the firm-specific demand to be elastic, 

but the industry demand to remain inelastic [Littlechild 1983]. Rationale behind 

the assumption by Laffont et al. [1998] is their desire to study low network 

substitution situations, where potential monopolistic behaviour arises. Second 

reason for their assumption is to simplify the analysis. Their reasoning bases more 

on fixed network competition, where subscriber substitution is less frequent than 

in mobile telephony. The tendency in mobile telephony has been for an increasing 

chum, which captures the movement of subscribers17. The more mature mobile 

market grows, the higher are chum rates. In essence, high chum rate reflects price 

sensitivity of consumers; thus, the price elasticity for mobile telephony is likely to 

exceed those associated with fixed network calls.

Consumers regard the networks Hotelling-differentiated, each network yielding a 

surplus to the consumers depending on his preferences. Let the consumer located 

at a be indifferent between the networks. Network market shares are then given by

a, = ai(pvp2)=l/2 + o(wl -w2), i=l, 2 

where

о-Oh)

wi = max {«(?)- pq}= -—— 
ч T)-\

gives the consumer variable net surplus for prices charged by the networks. The 

parameter о =1/21 is the network substitutability index. In this basic case, the 

operators are not allowed to price discriminate. A single unit price is set for all 

calls.

The operators are assumed symmetric in costs. Each face fixed cost/for servicing 

a subscriber. Marginal cost for dispatching and terminating the call is the same cq.

17 Annual chum rate is computed as total number of closed subscriptions divided by average number of subscribers for a 

certain network during one year.



97

Cost for carrying a call on the network incurs a marginal cost c\. Hence, the total 

marginal cost for a call is c=2cq+ci. This cost is the same for internal and cross

networks calls (cross-networks cost is of course allocated between the operators). 

The profit maximisation problem for operator 1 (and by symmetry for operator 2) 

is

nx =«iGv p21rM- f]+AÍPx> p2).

Function R{pl) = {pi -c)^(p,) gives the retail revenue. Cross-networks net 

revenue is given by function

A (Px > P2 )= a, {px, P2 X1 - ax (Px » P2 )fc - co Ъ(Р2 )- <l(Px Я18-

Increase in final retail price p¡ has now a three-fold impact [Laffont et al. 1997]. 

Firstly, increase in retail price lowers firm’s market share. Secondly, an increase in 

retail price increases subscriber call revenue. The third effect is due to network 

interconnection. An increase in retail price increases the net cross-networks access 
revenue Ai{pi,pj). Laffont et al. [1997] note that the access revenue in fact

inflicts instability. Assuming close substitutability between networks, with high 

access charge the final retail prices are pushed upwards in all market-sharing 

situations. When the retail prices are high, operators get an incentive to undercut 

and comer markets. Yet, the cornered market does not yield an equilibrium. On 

one hand, if one operator succeeds in earning positive profits by undercutting, the 

other would follow suit. On the other hand, if both operators are not making any 

positive profits, either one could raise its price and gain positive access revenue.

For a symmetric operator, Laffont et al. [1998] derive the market sharing 

equilibrium price p* as

= !{1-2<t[r(p *)-/]},

18 The subscriber call flows are derived later in section 4.2.
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which is increasing in a and decreasing with substitutability. The access charge 

acts as a device for collusion. By raising the access charge, the operators may 

enforce the monopoly retail price as a competitive equilibrium price. Existence of 

a symmetric equilibrium requires that neither access charges, nor network 

substitutability is too high. When networks are very close substitutes, high price 

level induces undercutting. A cornered market on the other hand is not a 

sustainable equilibrium as it was discussed above. Laffont et al. [1997] note that a 

sustainable collusive price level increases with substitutability of the networks and 

decreases with the fixed subscriber servicing cost. Finally, Laffont et al. [1997] 

point out that the social welfare maximising access charge level lies below the 

marginal cost of access, hence without regulation or subsidies it is not obtainable. 

Laffont et al. [1998] compare the obtained equilibrium price with the textbook 

monopoly pricing formula

pM -c 1 

PM V

where pM indicates the monopoly profits maximising retail price. What they note 

is that the operators now internalise the net cross-networks access revenue in 

marginal costs. Secondly, the higher the retail profit R(p*) is, the less willing the 

operators are to lose market share by increasing the retail price.
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4 Compound Model

The roles of increasing returns, Creative Destruction and technological 

discontinuities have been emphasised throughout the thesis. Modem basic mobile 

telephony has already moved from the event of destruction of pstn, at least in 

more advanced markets. The dynamism in mobile markets is driven by 

competence enhancing technological advancement. This is the basis of the 

analysis here. Yet, Creative Destruction is ever present. In a relatively new 

technology, such as mobile communications, major innovations occur more 

frequently, but their destroying nature is already constrained. Simultaneously, 

rapid technological progress makes sure that the next competence destroying 

discontinuity is not lurking far ahead. Competition has transformed along with the 

technological change. Modem mobile market is highly competitive, despite the 

small number of incumbent operators in an individual market. Pressure by entry is 

intense, and major new players are likely to shake the foundations of present 

market stmctures in near future.

In this chapter, a model (the compound model) is formulated that incorporates 

main characteristics of network economics and strategic R&D. The compound 

model will found extensively on the works of d’Aspremont & Jacquemin [1988] 

and Laffont et al. [1998]. However, the focus will be slightly diverted from 

Laffont et al. [1998] study, as they focus on the interconnect issue. Here 

interconnection is taken as granted, as it will be in the future of telecoms. Focus 

will be on R&D competition. In this respect, the study follows more the path of 

d’Aspremont & Jacquemin [1988], but in a network economics set-up of Laffont 

et al. [1998].

A study concentrating only on network issues or on technological change is rather 

incomplete in the context of telecoms. As Schumpeter [1987] and more recently 

Kelly [1997] have indicated that competition in R&D and in product markets are 

intertwined. Especially, non-price competition has grown in importance. R&D are 

undertaken in order to gain advantage in the product market. In some fields R&D
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leadership may in fact be a necessity for survival. Because both R&D spillovers 

and network economics have recently gained much new work, and the basic 

concepts of both fields are well covered, the aim here is to take one step further. 

Further inclusion of new parameters in either one of these fields does not really 

provide new understanding of modem network business dynamics. To understand 

the complex nature of network business, a wider approach is required. Therefore, 

the compound model concentrates on a game that incorporates desired features of 

strategic R&D investment games and network economics models. Different phases 

of privatisation and de-regulation of telecoms are covered. The culmination of the 

model is a fully competitive duopoly, where the firms are rivals in both stages of 
the game19. The dynamic nature is restricted to a two-stage game, which of course 

can be interpreted to cover long-term competition. Entry on the other hand is 

completely prohibited, which most definitely is the most severe shortcoming in the 

compound model.

4.1 Subscriber Choice of Network

The market shares of the networks will be determined in a resembling way to the 

Laffont et al. [1998] model. Consumer choice of operator is derived à la 

Hotelling. Consumers do not regard the operators identical, but rather they take 

into account both price and non-price factors in choosing their home operator (i.e. 

the operator they subscribe to). In the initial stage of telecoms liberalisation, the 

public monopolist naturally captures the whole market. This implicates that the 

firm does not have to compete for market share. Also the private monopolist 

captures the whole market. Nonetheless, the market size is assumed constant in 

the monopoly cases as well as in the competitive case.

19 Modem telecommunications operator market seems more often a battlefield than a business environment. Price wars and 

entry deterring strategies ate quite common. An excellent example can be drawn from the Finnish telco roaming 

negotiations discussed earlier. However, operators co-operate in R&D and within non-home markets, e.g. international joint 

ventures such as the Sonera-Telia Baltic operations.



101

Assume that in the competitive set-up both operators have full coverage of the 

consumers, so they need to compete for each subscriber. Assume further that each 

consumer in the market gains a fixed surplus from subscribing to a network. This 

fixed surplus is constant, irrespective of the home operator, and large enough that 

in all cases all consumers choose to join one network. One consumer may 

subscriber only to one network, and cannot switch operators later. This is a 

restrictive assumption. In the most matured mobile markets, mobile penetration 

rates20 are expected to exceed 100% in near future, implying that some subscribers 

have more than one connection. Moreover, mature markets tend to present higher 

chum rates than new markets. Given both operator’s full coverage of the market, 

and the assumption over each consumer subscribing to only one network, market 

shares for operator A and operator В are thus «¿=orand orB=(\-ci) respectively.

The consumers need to choose one operator as a home operator. After this choice, 

consumers are permanently fixed to that operator. In this way, they will be 

differentiated into two segments. Let all consumers be uniformly distributed on a 

segment [0, 1], with each of the duopolist at one extreme of the segment, NA=0 

and Nb= 1. Given consumer income y, and telephony consumption q the total 

utility for a consumer situated at n who chooses to adopt network i=A, B, is

(4.1) y + v0 -z\n- N,\ + u(q),

where v0 is a fixed surplus from belonging to a network. This was assumed to be 

large enough to secure each consumer adopting a network. Assume also that all 

consumers have a real adoption choice over the two operators as both operators 

have full coverage. Term z\n - N¡ | is the cost of adopting network N¡, while

situated at n. Function u(q) is the gross surplus (utility) given by telephony 

consumption q. Function u(q) gives the inverse demand function for telephony

(4.2) u'(q)= D~'(q) or

20 Penetration rate is calculated by dividing the number of active mobile connections by the number of subscribers.
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p = u{q).

The demand function that will be applied is of a standard linear format

(4.3) q{p)= Ф-(рр,Ф, qj>0.

Function

wi (p, )= max {u(q)~ Piq\ i=A, В 
ч

gives the consumer gross variable net surplus at a retail price p¡ charged by the 

home operator. Assume that the gross variable net surplus function is symmetric 

between the two networks. This implies that consumers do not prefer either 

network to the other on the basis of utility they derive from telephony. The 
equation reduces to

4p, )=max P¡q}, i=A, B.
Я

Operator’s market share depends on the utility consumers gain. Utility difference 

between operators determines the market shares, as each consumer chooses to join 

that network, which yields him the highest utility. A subscriber located at n=a is 

indifferent between operators only iff

4pa )- za = w{pB )- z(l - a).

Then the market share for operator A is

(4.4) Of = a(pA, pB)=~ + ik(pB)~wA(pA)]

where ç = — is the index of substitutability between networks. In order to keep 
2z

the analysis simple, first degree Taylor approximation is applied to gain a linear 

format for the market share function. The last term in equation (4.4), the 

difference between gross variable net surpluses, is approximated by

ckk)-wA(pA)]=sk(p)+4(pXPß -p)-wa(p)-4(pXpa -p)l-

The assumption on symmetric gross variable net surpluses allows a reduction of 

the right hand side of the above equation to
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Ç^'iPÏPB -Pa)

Note that w'(p)=-q is constant, and therefore the equation is reduced to a linear 

format. Equation (4.4) can be re-written now as

(4.4’) a = a(pA,pB)=^ + cr(pB - pA),

where о =çw'(p). Figure 4.1 illustrates the applied market share determination à 

la Hotelling.

uipj-ax wC^gHl-cc)

Figure 4.1 Market Share Determination à la Hotelling.

Subscribers regard the networks (or the services operators offer) as perfect 

substitutes, when <7—>°°. In this case, a marginal price difference is enough for an 

operator to comer the market. If <7=0, the operators share the market {oc=Vi) and 

each act as a local monopolist, as no price modification alters his market share - 

only the demand of telephony by his subscribers is affected by price modifications. 

It is important to bear in mind that even in (7=0 case, the operators are not 

completely isolated from each other, as there exists cross-networks traffic. Call 

outflows and inflows are affected by prices. The equation (4.5) gives the complete 

market share function for operator A
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1

In real world telecoms, a relatively tight pricing range is observed. This indicates 

that network substitutability is high (i.e. cris large). Market share for operator В is 

simply given by \-a. The index of substitutability essentially captures magnitude 

of the market share shifts due to price modifications. Formally, it can be easily 

seen that

Regarding to chum rates, the index of substitutability is the ‘device’ for operators 

to control chum. The substitutability index represents differentiation between 

networks. By increasing differentiation (i.e. lowering the value of the index), the 

operators can discourage subscriber movement to competitor, should the 

competitor decide to lower his price.

4.2 Call Flows

The operators have two flows of calls that generate them revenue. Firstly, internal 

calls are entirely carried on own network. Secondly, cross-networks calls either 

originate or terminate on competitor’s network. Call unit price for a subscriber is 

Pi, i=A, В per call. The price for a call is independent of the terminating network. 

The subscribers pay same price for network internal calls as well as for cross

networks calls. The operators gain also revenue from terminating cross-networks 

calls. An operator does not charge directly subscribers who place calls on the rival 

network. Instead, the rival operator pays for access an interconnection charge r„

21 Equation (4.5) requires that network substitutability is restricted to strictly positive. So, a perfect local monopoly 

situation is eliminated and the operators are forced into a market share competition always.
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i=A, В. Tendency in telecoms has been to establish either by agreement or by 

regulation one reciprocal interconnection charge [Laffont et al. 1998]. Due to this 

tendency and in order to keep the analysis straightforward, reciprocal 

interconnection charges are adopted here. Furthermore, the access price is not the 

focus of the thesis. The per call revenue for an operator for a call initiated on 

rival’s network and landing on own network is thus the reciprocal interconnection 

fee t.

The call flows between networks are depicted in figure 4.2 below. The figure 

presents also the per call revenues due operator A.

Demand for calls 

is q(p), which is 
independent of network

Cross-networks traffic.
Net call flow from network £ to Я is

ÅP» ?*>= o(i-<4[?(p®)-?(/g].
Per call revenue for network Я is t

Demand for calls on network £ is (l-or)^(pB). 
Per call revenue for network Я is nil. 

a -Share of calls flows to network Д 

thus residual (internal) calls equal (1 -tí)q{p^).

Demand for calls on network Я is aq(p 
Per call revenue for network Я is px 
(1-a)-share of calls flows to network £, 

thus the residual (internal) calls equal oPq(p^

Figure 4.2 Call Flows between Rival Networks.

The demand for calls is q(p), where p is the prevailing market equilibrium price. 

Each network captures a call share determined by its market share. For simplicity, 

let the call flow be a continuum. Once a subscriber has adopted one network, all 

his calls originate on this network, implying no network roaming. The subscribers 

do not prefer network internal calls to cross-networks calls, nor the cross-networks 

calls to internal calls (neutral call pattem). A subscriber pays the same price for all
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his calls. Total number of calls terminating on network A is therefore determined 

by the price and market share of the network A. The market share for operator A 

was given by cdpA, pB), 0<а<1. This gives the number for calls originating in 

network A, ocqipÀ). Of all calls a (l-Of)-share terminates on network B. Net cross

networks traffic originating on network В and landing on network A is given by

(4-6) f(pA, pB )= a(l - a\q{pB )- q{pA )].

In other words, equation (4.6) is the network B’s net demand for access. Three 

examples are illustrated in figure 4.3 below. Network В internal calls are given 

then by (1 -a)q{pB).

-----------zero substitutablity

..............0.5 substitutability

unit substitutability

Figure 4.3 Network B’s Net Demand for Access22.

Appendix В shows that the shape of function f depends on the shape of demand 

function. A short comparison between constant elasticity demand (applied by 

Laffont et al. [1997, 1998]) and linear demand (applied here and by Armstrong 

[1998]) functions is provided to illustrate the differences.

For the near future, the interconnection revenue from other mobile networks is 

projected to increase in relative value in respect to outgoing mobile traffic revenue

22 The figure is derived from linear demand D'l=l-q, and with market share function oc=Q.5+cKpb-Pa), where cris the 

substitutability between networks.
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for Sonera [Sonera internal accounts 1998]. This can be seen in the figure 4.4 

below. It is likely for a similar pattern to emerge in other, less mature, mobile 

markets as well over time.
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—6— Interconnection revenue as % of 
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Figure 4.4 Projected Mobile Revenues for Sonera [Sonera Internal 
Accounts 1998].

4.3 Cost Structure and r&d Investments

Throughout the thesis, the operators are assumed symmetric in costs in order to 

keep the analysis simple and gain results that are more clear-cut for the R&D and 

price competitions. The operators incur a fixed cost, cp, per subscriber for 

servicing him. This represents the costs of maintaining the network connection to 

that subscriber regardless of the network usage of the subscriber. It also includes 

per subscriber costs that the operator incurs for marketing efforts and for other 

non-technology related strategic investments. Recently there have been claims that 

old subscribers subsidise the acquisition of new ones [Kauppalehti 17.6.1999]. 

Incorporating strategic investments in the fixed costs parameter, this is easy to 

verify. Increased rivalry involves stronger non-price competitive measures, which 

must be financed by either call or service revenues. At the dispatching end of the 

network the per call cost is eg. As the cost at each end is created by operating 

switches, it can, with reason, be assumed that an equal cost incurs at the 

terminating end as well. The cost for carrying a call over a network is cj.
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Therefore, the total marginal cost for one network internal call is c=2ce+ct. This 

cost separation is of course a simplification of real world. Changes of cost 

structure - as long as costs retain the two parts, a fixed per subscriber cost and a 

marginal cost for calls - are straightforward to carry out. The analysis remains the 

same. With the chosen cost set-up, the costs are easily allocated between the 

operators properly. The relative size of different costs is irrelevant. The total per 

call cost for a cross-networks call for the call-dispatching network is C£+crH. 

Parameter t is the reciprocal interconnection fee. Terminating end operator incurs 

only the cost ce per cross-networks call.

Firms do R&D in order to reduce marginal costs. As the fixed subscriber-servicing 

fee includes non-technology-related items, it is less affected by technological 

progress within the mobile telephone networks. Let x¡, i=A, В be the R&D output 

that reduces marginal costs. For notational simplicity, let the R&D output and input 

be scaled so that x, represents both. Let x, comprise firm’s total R&D effort, so that 

it represents all trials and errors. It neither excludes choice to follow multiple R&D 

paths towards a certain goal. A fraction 0<)<1 of R&D effort is spilled to rival. 

Spillovers reduce rival’s marginal costs without compensation to the R&D 

performer. The closer the spillovers term 7 approaches one, the poorer are the 

prevailing appropriability conditions. Because x, represents all trials and errors, the 

spillovers can be interpreted as to include actual learning of rival’s present state of 

knowledge, and also learning of rival’s R&D dead-ends. Adopting the Kamien et 

al. [1992] terminology, the effective R&D investment for firm i is

(4.7) X¡ =x¡ +}Xj,i,j = A,B,i*j.

Effective R&D investment thus gives the R&D cost firm i would have to invest, if it 

alone in the industry invests in R&D, to achieve same unit cost reduction. The 

complete marginal cost function for network internal calls is

(4.8.a) C,=(2c£+cr)-X,..

The operator that forwards the call to competitors network incurs the cost at the 

originating end ce, and the trunk carrier cost cT. In addition, he has to pay the
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terminating operator the (reciprocal) access charge t. For a cross-networks call, the 

complete marginal cost function for the operator that dispatches the call is

(4.8.b) CO¡ = (cE + cT)~ X¡ + t.

For the operator that terminates the cross-networks call, the complete marginal 
cost is

(4.8.C) CTi=cE-Xi.

The equations (4.8.a), (4.8.b) and (4.8.c) determine the marginal costs for all types 

of calls considered. Note that the marginal costs are constant. Finally, R&D 

productivity has to be restricted in order to maintain rationality. Clearly, the 

marginal cost of a call cannot be negative. In order to simplify the analysis, 

assume that R&D affect only the dispatch and termination costs ce. All R&D is 

targeted to improve the interface the closest to the consumer. Importantly, this 

interface is one of the most crucial bottlenecks in mobile technology. This does 

not affect the analysis in any way. Hence, R&D productivity will be in range of

(4.9) 0 <Xi<cE,i = A,B.

The operators set the access charge to equal at least the termination cost, formally 

t>cE. Otherwise, the terminating operator would incur loss for providing access. 

Then it would do strictly better off by blocking interconnection. To establish 

cross-networks traffic this assumption on t has to made. A direct implication from 

this is that cross-networks traffic generates less profits for the dispatching operator 

compared to internal calls, because it has to compensate terminating operator for 

landing calls. This is reflected in real world competition in telcos’ desire to attract 

internal calls. A small (entrant) operator suffers from his small market share. The 

smaller entrant’s market share is, the higher is the proportion of cross-networks 

calls landing on rival’s network. The question of ‘fair’ access charge is thus 
crucial.

The R&D cost function is assumed symmetric for both firms. R&D costs are 

positively correlated with R&D output. A quadratic form of R&D cost function is
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widely applied in the literature. This form is adopted here too. Let R&D costs be 
given by

(4.10) 4‘(xi)=xf,i=A,B.

The chosen R&D cost function renders R&D relatively expensive, which represents 

the high R&D and technology dependency of modem telecoms. It also represents 

the high uncertainty of future technology induced by the new development stage 

of mobile communications. The uncertainty should be interpreted to include both 

the technological risk as well as uncertainty over future demand trends.

Symmetry between the two operators is a daring assumption. Inter-firm 

differences in R&D performance and investment levels are substantial [Cohen 

1995]. For example, firm capital structure and cash flow are related to firm R&D 

intensity, but a common pattem is difficult to establish [Cohen 1995]. Due to 

abstraction of all firm-specific features beyond production, cost and R&D levels, it 

would be quite obscure to assume asymmetric R&D production and cost functions. 

Therefore, both R&D productivity (given by the level of cost reduction) and R&D 

costs are assumed symmetric. Naturally, a case involving asymmetric R&D 

functions would be of interest, if a reasonable basis for asymmetries could be 

established.

Firms’ R&D investment decisions are influenced by spillovers. Due to spillovers 

the firms become involved in strategic interaction. R&D investment decisions 

affect, firstly, own spectmm of action, and secondly, rival’s actions. Another issue 

involving spillovers, is the shift in R&D focus from basic R&D towards applied 

R&D. This is captured by a decrease in the spillover parameter y The shift in R&D 

focus does not change firms’ objective functions.

4.4 Model Analysis

In this section, theoretical results are derived for three stages of a telecoms 

liberalisation programme. Firstly, a public monopoly is studied. This stage also
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acts as a social welfare maximum benchmark case for the two other market 

structures. Secondly, a private monopolist is studied. This is also important, as it 

is the target structure of any firm. It possesses also an important role in respect to 

the Schumpeterian discussion. The third, and the most interesting, case is a 

duopoly competition of two symmetric firms. This case incorporates the 

interesting network and strategic R&D investment issues treated in the previous 

chapters. The case of a mixed duopoly, where one firm is public and the other 

private, is omitted. This is because the case is no longer relevant in the most 

advanced telecoms markets. Most liberalisation programmes have introduced 

competition along the privatisation programme. Despite most former national 

operators remain majority-owned by the governments, they act as fully privatised 
firms.

4.4.1 Public Monopoly

The objective of a public monopoly is to maximise social welfare. A benevolent, 

omniscient social planner controls the monopoly. The optimisation problem for 

the social planner is composed of two parts: firm profit and social welfare.

Both monopoly cases, a public one and a private one, diverge from any 

competitive telecoms market in three important ways. Firstly, a monopolist serves 

the whole market; thus, it causes no market share effect with its pricing. However, 

the market size in all three cases is assumed equal. Naturally, the price charged 

still affects the demand for telephony. A second difference is the lack of cross

networks traffic. All access revenue is abolished. Simultaneously, the monopoly 

may operate the maximum number of internal calls. Third divergence is the lack 

of technology spillovers. Any externalities for the firm due to spillovers are 

eliminated. Although by setting the spillovers term to equal zero produces correct 

form of the profit function, it is not correct to understand monopoly’s 

appropriation conditions this way. Setting p=0 represents perfect appropriation 

conditions under competitive environment, whereas under monopoly the 

spillovers term simply does not exist. The lack of competition also means that 

R&D has no strategic role, assuming that all entry is barred. Therefore, the only
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role for R&D is to reduce costs, and consequently increase profits and social 

welfare.

The demand for telephony is given by function (4.3). The cost structure for the 

firm is represented by the fixed servicing costs and internal per call costs. The 

profit function for the public monopolist does not differ from that of a private one. 

Monopolist’s profits are defined by

(4.11) П = q{pjp - (c - л)]- Cp-V (x).

The full optimisation problem for the social planner includes, in addition to 

monopoly profits, consumer surplus, which is given by the integral

pu*x

(4.12) CS = jq(p)dp,
p

where p is the social welfare maximising price, and pMAX is the maximum 

rational price. For example, pMAX for a linear demand function is the price, which 

yields zero demand. For a constant elasticity demand function pMAX is The full 

optimisation problem becomes thus max W = П + CS, and by substituting (4.11)
p.x

and (4.12) into this equation, the problem can be written as

p™1
(4.13) max W = q{pJp-(c-x)]-cF-4/{x)+ jq(p)dp.

p

Problem (4.13) is solved in two stages. First, the second stage first order 

optimality condition is obtained from dW/др = 0, which yields

(4.14) p = c-x.

This result was already obvious, as the R&D costs are constant. The optimum price 

is therefore that of a fully competitive market adjusted with the cost reducing R&D 

investment level. The optimality is therefore a first best optimum. Inserting the 

optimum price (4.14) into the problem (4.13) and solving dw/dx = 0for optimum 

R&D investment level. Following investment rule is easily obtained
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(4.15)
~_Ф-фс 23 

2-(р

4.4.2 Private Monopoly

The difference here to the public monopoly is that the private monopoly does not 

take into account any social benefits, and its sole purpose is to maximise profits by 

investing in R&D and setting the market price.

The lack of competition affects the industry in the same way as in the public 

monopoly, namely that there is no access revenue, no market share competition, 

and no spillovers. Let the demand for telephony again be function (4.3). The cost 

structure for the firm is the same as well. The maximisation problem (profit 

function) for the private monopolist can therefore be defined as

(4.16) maxП = q(pjp-(c -x)]-cF(x).
P>*

In the first stage, the monopolist chooses his R&D level to reduce marginal costs, 

and in the second stage, he sets the market price. The optimal price for the second 

stage is given by дП/др =0, and can be computed to be

(4.17) р = -Ф+Ж-х).
2 (p

Inserting the obtained maximising price level back into equation (4.16) and 

solving дп/дх = 0 for optimal level of R&D investments, yields

(4.18)
¿ = Нф-(Рс) 24

2-\cp

23 Second order conditions for a maximum require 0 < <p < 2.

24 Second order conditions for a maximum are more lax for a private monopoly than for a public one. The conditions 

require now 0 < <p < 4 .
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4.4.3 Fully Competitive Duopoly

In this section, competition is introduced to the model. The competition is 

restricted, though, to a duopoly with two private companies. This situation 

represents the mature stage of telecoms competition, in which the initially public 

monopolist has been fully privatised and the private entrant has established itself 

as an equal rival for the incumbent. Technological cycle is in a post-destruction 

stage. Technological progress is competence enhancing (cost reducing). Lack of 

entry remains the most severe shortcoming in the model.

Let demand remain given by function (4.3) as well as the cost structure the one 

derived earlier. The profit functions for the two firms are then,

ПА =«(Ра’Рв1Ка(Ра>Ха(ха’хв>г))-Сг]+
(4 19) . + Aa(Pa> Pb' ^4 (xa >xb> y))~ ^(¿a )

П в — [l ~~ &\P A* Pb )I^b \Pb>X в (xa > xb >y))~ c f j +
. {pв > Pa > Xb (xa ' хв ' уУ)~ *F(xb У

where the function i=A, В is the profit from retail sales to subscribers (i.e. 

revenue generated by internal subscribers). The function is expressed as

(4.20) R¡ = [pi - (c - X¡(xA,xB,y ))]?(p, ), i=A, В and i*j.

The second component in the firm profit function captures the net access revenue 

from cross-networks call flows. Written out this is

(4.21) A=«0-«I'- <?, ))l*y )- q(p, )J_ i=A g md
When the cross-networks calls balance, i.e. there is equal number of calls from 

network A to B, and from network В to A, under reciprocal access charges 

Аа=Ад=0 holds. As Laffont et al. [1998] note that this does not indicate a ‘bill- 

and-keep' situation, where there are no access charges paid for interconnection 

(r=0), nor that there does not exist any cross-networks traffic, but simply that the 

revenues and costs balance in interconnection traffic. Both revenue functions are 

affected by the effective R&D investments X¡ = x¡ + ух}, vtj and j, j=A, B.

Increase in retail price has the same three-fold effect as in Laffont et al. [1998].
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Increase in retail price lowers market share, increases subscriber call revenue, and 

increases net interconnection revenue. The last component in the profit function 

are the R&D costs determined by function i=A, B, and tej.

Inserting equations (4.20) and (4.21), the profit function pair (4.19) can be written 

fully out as

(4.19’)

nA =ah>A ~(c~(*A + У*в))k(pA)-Cf }+

+,«(l - ait - (cE - (XA + ?*b))I?(pb )- q(pA )]- ^(ха ) 
п в =(1 - ау\рв - (c - (хд + ус Аж(рв )-Cf}+

+ «С1 - alt - (сЕ - (хв + рсА ))]д(рА )- q(pB )]- Г(хв )

The problem for both operators is now to choose optimal level of R&D 

investments in the first stage of the game, and in the second stage set the profit 

maximising price. The problem is solved in the normal way of deriving first the 

price conditional to R&D investments and then by inserting this price back and 

solving for optimal R&D investments level.

Let us assume that both operators hold Bertrand conjectures of each other in both 

stages. Equivalently, neither operator can act as a leader. Furthermore, let us only 

consider the symmetric case, where the market is split between the two telcos. In 

other words, symmetry now involves that pA=pB=p. This causes directly that 

aipА- Рв)~Уг afid я(Ра)=я(Рв)=я(р)- Armstrong [1997] claims that price 

regulation is likely in the future. Especially, price differentiation between calls 

landing on own network and on rivals’ networks is going to be prohibited. His 

rationale is that allowing this kind of discrimination, a dominant operator has an 

advantage. This advantage makes the dominant network more valuable for 

consumers. His argument is contestable, as competition is likely to be the 

strongest determinant in telco pricing. Some regulation, of course, is possible. To 

focus the analysis on strategic R&D, symmetric pricing is applied, regardless of its 

restrictions. Furthermore, symmetry in costs and prices with Bertrand conjectures 

of rival implies that the optimal R&D investments will equal, i.e. xa=xb, and 

X. = (l + >)x,, i=A, B. The optimal price can be solved from dll¡/Эp¡ = 0. This 

gives for operator A
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_<J(p[c-^ + Y)xA\+G0 + (p±Jô~A
(¿t.ZZ) pA — —

2 acp

where

SA=[-G(p{c-^ + y)xA)-Gø-(pY- 

-4 G(p f(TФ+^Л- аф+^(р\ + у)ХА+}-ф+}-(р(г-сЕ)+ес1

LV

The optimal price (4.22) now depends only on R&D investment level. Inserting 

(4.22) back into the problem and solving дПА /дхА = 0 for optimal R&D 

investment level, following investment rule for operator A can be attained

эр;

(4.23)

I °<Pp'a + [- V(p(c - (l + гУа )- °ф - <p]p\ + [оф + ^Ç>jc- 

° +\vy+rYA+\rf-cE)+<xF+U}+

dx/ 
r

V
+ |(l + гХф-(РР\)~2х\ =0,

where the partial derivative is

dp; _ 1

dxA 2
-i± \-G(p(c - (! + />;)+ аФ-±<р 25

25 Second order conditions for a maximum now require p * < — / \ <P 1
V + r>A + —+ -

<p <T_
, and

0П
2^5 -<5

)-ОФ + ±(р]
•4“ + 1

A

X рт>; + [- op(c - (l + r)x* )-аФ- p]p* +

1 I Í 1 V \ * 1 z \ 1 I Эрд I Эр.
ÖXZ> + —Ç7 b- ОФ + —<p II + 7jkA + - c£ J+ OCF + —Ф > +------<-------X

2 M 4 J 4 2 J dxA [dxA
X \l(y<pp\ - aç[c - (l + y)x\ ]- аФ - ç>]+ crç(l + y)p\ - + - q> j(l + y)| - - ç(l + /)-

2 < 0
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5 Simulations

In this chapter, some numerical experiments are reported. The experiments base 

on the theoretical results derived in chapter 4. The purpose of these numerical 

simulations is to shed light onto the behaviour of the firms under some specific 

circumstances that are of particular interest. In all simulations, the main interest 

focuses on three issues. Firstly, how firms behave under different appropriability 

conditions. Secondly, how differentiation between networks affects R&D 

investments. Thirdly, how firms react to changes in demand patterns. Appendix D 

presents the full numerical accounts.

A typical feature is that the results vary across the experiments depending on 

parameter values. This is not surprising, as the basic R&D and network models 

behind the compound model present similar tendencies. It is difficult to find a set 

of parameters that would work without discontinuity points across the whole 

range, so the experiments are restricted in a way that they do not consider all 

situations. The experiments are designed to illustrate the most interesting market 

situations.

An obvious starting point is to study how spillovers influence firms investment 

decisions. The change in spillovers level is targeted to capture the shift of R&D 

focus from basic towards applied R&D. In essence, the shift is a one that is 

traditionally accepted as the rational behaviour of a newly privatised firm. 

Improvement in appropriability conditions also captures the effect of increase in 

competition. Traditionally firms have been assumed to restrict knowledge flows 

under competition, i.e. lowering spillovers level. This shift is a long procedure. 

Although, the focus of R&D can be re-focused to applied R&D quickly, the 

blocking of knowledge leakages is more time consuming process. First scenario 

presents some unexpected results for strategic R&D competition. Here costs are 

balanced between the terminating/originating costs and trunk network costs. 

Interconnection revenue is relatively low with interconnection charge set close to 

the terminating cost. Figures 5.1 - 5-3 illustrate the optimal R&D values and
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optimal prices for a symmetric Bertrand duopolist, under different appropriability 

conditions keeping other things constant. Following table 5.1 presents a 

comparison between the three different market structures. It also exhibits the 

parameter values applied in the first scenario.

Spillovers

------- Profits — R& D investment Effective R&D

Figure 5.1 Scenario 1: Duopolist R&D Investments and Profits under 
Different Appropriability Conditions.

2.00 % 6.20 %

1.60 % 6.00%

1.20% 5.80%

0.80% 5.60% 5

0.40% 5.40%

0.00% 5.20%

Spillovers

R&D as % of me Effective R&D as % of me
— — — - R&D as % of price Price-cost-R&D mark-up
—" *•"— Interconnection mark-up

Figure 5.2 Scenario 1: Duopolist R&D Margins and Mark-ups under 
Different Appropriability Conditions.
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6.15 %

6.10 %

6.05 %

6.00 %

5.95 %

5.90 %

5.85 %

5.80 %

Spillovers

--------Price --------Price-cost-R&D mark-up

Figure 5.3 Scenario 1: Duopolist Optimal Price Level under Different 
Appropriability Conditions.

The duopolists are involved in harsh R&D competition. The cost-reduction of rival 

is harmful through the market share loss effect. Therefore, as the competitor 

increases his R&D, the other operator needs to increase his R&D as well. Spillovers 

magnify this competition, so that once the operator sees that his R&D helps 

competitor he does - opposing to traditional findings - increase his R&D inputs. 

Own R&D always is more beneficial than spillovers, so high cost reduction by 

spillovers signals that competitor undertakes lot of R&D, which induces high level 

of own R&D in order to protect market share. The fear of loss of market share 

spurs the R&D race. Market share competition seems to be more important 

competition factor than initially assumed. On the other hand, real world events 

support the argument that market share competition is vital. In fact, as it was 

already presented in the introduction, price competition is far less important, and 

R&D (in addition to other non-price competition) competition is the key 

competition driver in telecoms. The result reflects the fast pace in technology in 

telecoms.

Noteworthy is that an increase in spillovers level increases firms’ profits. The 

result reflects Laffont et al. [1997, 1998] findings. They found that an operator is
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less willing to lose market share by increasing his retail price the higher the retail 

profit is. An alternative way to interpret the results is to regard increase in 

spillovers level as co-operation in R&D. In this case, the operators benefit from 

knowledge sharing. Taking this point of view, the result supports e.g. Kantien et 

al. [1992] findings. Note that the co-operation here does not involve joint profits 

maximisation.

Table 5.1 Scenario 1: Firm Behaviour under Different Appropriability 
Conditions.

operator a
PUBLIC PRIVATE IN SYMMETRIC

MONOPOLY MONOPOLY DUOPOLY
Welfare / Profits 0.0805 > -0.1474 < -0.1130
Optimal values

R&D investment K. 0.6356 > 0.1972 > 0.0125
Effective R&D investment X 0.6356 > 0.1972 > 0.0125
Industry R&D investment 0.6356 > 0.1972 > 0.0250
Price level P 6.8444 < 7.6414 < 7.9545
R&D investment as % of me 8.50% > 2.64% > 0.17%
Effective R&D investment as % of me 8.50% > 2.64% > 0.17%

Parameters
Demand function slope <P 1.10 1.10 1.10
Spillovers " t 0.00
Index of substitutability 0 1.00 1.00 1.00

OPERATOR A
PUBLIC PRIVATE IN SYMMETRIC

MONOPOLY MONOPOLY DUOPOLY
Welfare / Profits 0.0805 > -0.1474 < -0.1117
Optimal values

R&D investment к 0.6356 > 0.1972 > 0.0173
Effective R&D investment X 0.6356 > 0.1972 > 0.0217
Industry R&D investment 0.6356 > 0.1972 > 0.0347
Price level p 6.8444 < 7.6414 < 7.9496
R&D investment as % of me 8.50% > 2.64% > 0.23 %
Effective R&D investment as % of me 8.50% > 2.64% > 0.29%

Parameters
Demand function slope 1.10 1.10 1.10

1 0.25 0.25 0 25
Index of substitutability О 1.00 1.00 1.00
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OPERATOR A
PUBLIC PRIVATE IN SYMMETRIC

MONOPOLY MONOPOLY DUOPOLY
Welfare / Profits 0.0805 > -0.1474 < -0.1096
Optimal values

R&D investment K. 0.6356 > 0.1972 > 0.0240
Effective R&D investment X 0.6356 > 0.1972 > 0.0360
Industry R&D investment 0.6356 > 0.1972 > 0.0480
Price level P 6.8444 < 7.6414 < 7.9418
R&D investment as % of me 8.50% > 2.64% > 0.32%
Effective R&D investment as % of me 8.50% > 2.64% > 0.48 %

Parameters
Demand function slope V 1.10 1.10 1.10
Spillovers „ 0 50 0.50 0.50
Index of substitutability 0 1.00 1.00 1.00

OPERATOR A
PUBLIC PRIVATE IN SYMMETRIC

MONOPOLY MONOPOLY DUOPOLY
Welfare / Profits 0.0805 > -0.1474 < -0.1061
Optimal values

R&D investment К 0.6356 > 0.1972 > 0.0347
Effective R&D investment X 0.6356 > 0.1972 > 0.0607
Industry R&D investment 0.6356 > 0.1972 > 0.0693
Price level p 6.8444 < 7.6414 < 7.9280
R&D investment as % of me 8.50% > 2.64% > 0.46%
Effective R&D investment as % of me 8.50% > 2.64 % > 0.81 %

Parameters
Demand function slope <p 1.10 1.10 1.10
Spillovers 0.75 0.75
Index of substitutability О 1.00 1.00 1.00

Welfare / Profits
Optimal values 

R&D investment 
Effective R&D investment 
Industry R&D investment 
Price level
R&D investment as % of me 
Effective R&D investment as % of me 

Parameters
Demand function slope

PUBLIC
MONOPOLY

PRIVATE
MONOPOLY

OPERATOR A 
IN SYMMETRIC 

DUOPOLY
0.0805 > -0.1474 < -0.0979

К 0.6356 > 0.1972 > 0.0572
X 0.6356 > 0.1972 > 0.1143

0.6356 > 0.1972 > 0.1143
p 6.8444 < 7.6414 < 7.8961

8.50% > 2.64% > 0. 76 %
8.50% > 2.64% > 1.53%

J5 1.10 1.10 1.10
1.00 WMMM|

ШШШШШ 1 AO1 -UU
0 1.00 1.00 1.00

rameters
c£ 2.54 c7 2.40
c9 0.25 t 2.59
Ф 8.80

The R&D investment levels for the three market structures are depicted in figure 

5.4. With the chosen parameter set, a duopolist R&D investments, as well as 

duopoly industry-level R&D investments, are less than the social optimum. 

Duopolist R&D investments are also less than what the private monopoly is willing 

to undertake. The results support the basic Schumpeterian hypothesis. Duopolist
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R&D efforts are discouraged by the rivalry. Spillovers and incapability to enforce 

monopoly power cause the duopolists to choose only a fraction of the private 

monopolist’s optimal R&D level. However, the results are radically changed under 

a new set of parameters. Figures 5.5 - 5.7 and table 5.2 illustrate how the 

duopolist behaviour pattern remains the same. However, with the new parameter 

set the R&D levels undertaken in different market structures are in different order. 

This is shown in table 5.2 and in figure 5.8.

—X— Public R&D 

—1— Private monopoly R&D

------- Duopolist individual R&D

— Duopolist effective R&D 

—•A— Duopoly industry R&D

Spillovers

Figure 5.4 Scenario 1: Optimal R&D Investment Levels under Different 
Appropriability Conditions.

The set up of figures 5.5 - 5.7 illustrates a duopoly, where the interconnection 

charges are equal to the terminating cost. The operator that terminates the cross

networks call receives no profit for the call. He is only compensated his marginal 

cost. The profit for the operator that dispatches the call is the same as the profit 

from network internal calls. The mark-ups for internal and cross-networks calls 

coincide (see figure 5.6). The demand function is steeper than in the set-up of 

figures 5.1 - 5.3. Operators’ cost structure is biased towards termination/ 

origination cost. The share of trunk network cost as well as fixed cost is reduced. 

The last difference is that the networks are more differentiated. This partially 

offsets the effect of steeper demand function.
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Spillovers

-------Profits R&D investment .........Effective R&D

Figure 5.5 Scenario 2: Duopolist Optimal R&D Investments under 
Different Appropriability Conditions.

Spillovers

R&D as % of me -------Effective R&D as % of me

------ Price-cost-R&D mark-up

Figure 5.6 Scenario 2: Duopolist R&D Margins and Mark-ups under 
Different Appropriability Conditions.
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2.85 %

2.80 %

2.75 %

2.70%

2.65 %

2.60 %

2.55 %

Spillovers

Price -------Price-cost-R&D mark-up

Figure 5.7 Scenario 2: Duopolist Charged Optimal Price under Different 
Appropriability Conditions.

Same pattern arises. The duopolist increases his R&D investments as the spillovers 

level increases. Similarly, the greater cost-reduction results in higher profits in the 

high spillovers range. The only difference is visible in the price-cost-R&D mark

up, which first increases and then reduces in value in the high extreme of 

spillovers. However, as figure 5.7 shows, the prevailing duopoly market price 

remains decreasing in spillovers. This is due to stimulated R&D investments in 

high spillovers region. Table 5.2 presents a comparison between different market 

structures.

The most significant change in the results is that now the duopoly invests more in 

R&D than the private monopoly does. Even more importantly, with very high 

spillovers even an individual duopolist’s R&D investment exceed those of the 

private monopolist. Potential cost-reduction is now accompanied with adequate 

network differentiation, which together enable high profits. The duopoly profits 

exceed those of the private monopolist. Knowledge sharing benefits the 

duopolists, as they gain the highest profits with perfect spillovers. This reflects the 

R&D co-operation cases in d'Aspremont & Jacquemin [1988] and Kamien et al. 

[1992]. It is noteworthy however that the case here remains fully competitive, as
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the firms do not maximise joint profits. Figure 5.8 illustrates the resúlts on R&D 

investment levels of the table 5.2.

Table 5.2 Scenario 2: Firm Behaviour under Different Appropriability 
Conditions.

OPERATOR A
PUBLIC PRIVATE IN SYMMETRIC

MONOPOLY MONOPOLY DUOPOLY
Welfare / Profits 0.2025 > -0.0496 < 0.0054
Optimal values

R&D investment К 1.1000 > 0.1833 < 0.2656
Effective R&D investment X 1.1000 > 0.1833 < 0.5313
Industry R&D investment 1.1000 > 0.1833 < 0.5313
Price level P 6.5000 < 7.6458 > 7.5430
R&D investment as % of me 14.47 % > 2.41 % < 3.50 %
Effective R&D investment as % of me 14.47 % > 2.41 % < 6.99%

Parameters
Demand function slope <p 1.60 1.60 1.60
Spillovers ; Иаяшшмви r- LOO
Index of substitutability 0 0.65 0.65 0.65

OPERATOR A
PUBLIC PRIVATE IN SYMMETRIC

MONOPOLY MONOPOLY DUOPOLY
Welfare / Profits 0.2025 > -0.0496 < -0.0185
Optimal values

R&D investment к 1.1000 > 0.1833 > 0.1396
Effective R&D investment X 1.1000 > 0.1833 < 0.2443
Industry R&D investment 1.1000 > 0.1833 < 0.2792
Price level P 6.5000 < 7.6458 < 7.6756
R&D investment as % of me 14.47 % > 2.41 % > 1.84 %
Effective R&D investment as % of me 14.47 % > 2.41 % < 3.21 %

Parameters
Demand function slope <p 1.60 1.60 1.60
Spillovers £ЙВВ 0 75 МЦ 0.75
Index of substitutability О 0.65 0.65 0.65

OPERATOR A
PUBLIC PRIVATE IN SYMMETRIC

MONOPOLY MONOPOLY DUOPOLY
Welfare / Profits 0.2025 > -0.0496 < -0.0261
Optimal values

R&D investment * 1.1000 > 0.1833 > 0.0958
Effective R&D investment X 1.1000 > 0.1833 > 0.1437
Industry R&D investment 1.1000 > 0.1833 < 0.1916
Price level р 6.5000 < 7.6458 < 7.7153
R&D investment as % of me 14.47 % > 2.41 % > 1.26%
Effective R&D investment as % of me 14.47 % > 2.41 % > 1.89 %

Parameters
Demand function slope <р 1.60 1.60 1.60
Soiilovers* ЯШН

ö
Hi 0.50 p

Index of substitutability О 0.65 0.65 0.65
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OPERATOR A
PUBLIC PRIVATE IN SYMMETRIC

MONOPOLY MONOPOLY DUOPOLY
Welfare / Profits
Optimal values

0.2025 > -0.0496 < -0.0301

R&D investment К 1.1000 > 0.1833 > 0.0693
Effective R&D investment X 1.1000 > 0.1833 > 0.0866
Industry R&D investment 1.1000 > 0.1833 > 0.1386
Price level V 6.5000 < 7.6458 < 7.7364
R&D investment as % of me 14.47 % > 2.41 % > 0.91 %
Effective R&D investment as % of me 14.47 % > 2.41 % > 1.14%

Parameters
Demand function slope <p 1.60 1.60 1.60
Spillovers : 0.25 0,25
Index of substitutability О 0.65 0.65 0.65

PUBLIC
MONOPOLY

PRIVATE
MONOPOLY

OPERATOR A 
IN SYMMETRIC 

DUOPOLY
Welfare / Profits 0.2025 > -0.0496 < -0.0325
Optimal values

R&D investment \ 1.1000 > 0.1833 > 0.0503
Effective R&D investment X 1.1000 > 0.1833 > 0.0503
Industry R&D investment 1.1000 > 0.1833 > 0.1006
Price level V 6.5000 < 7.6458 < 7.7492
R&D investment as % of me 14.47 % > 2.41 % > 0.66%
Effective R&D investment as % of me 14.47 % > 2.41 % > 0.66%

Parameters
Demand function slope 1.60 1.60 1.60

Index of substitutability 0.65 0.65 0.65

It was argued in section 2.1 that, if market share is the principal profit driver, then 

firms will choose to distribute knowledge in order to gather firms under a 

technology umbrella (i.e. set an industrial standard). Although, the simulations do 

not consider standards issue, the evidence for market share’s positive impact on 

spillovers and R&D is obvious. Between 1995 and 1998 Finnish 

electrotechnical industry increased its real R&D investments by 25% p.a. 

[Tilastokeskus 1]. Keeping in mind of the high relative share of telecoms of the 

electrotechnical industry in Finland, the fast growth in R&D reflects 

aggressive strategy despite of prevailing poor appropriability conditions. 

Spence [1984] shows how under poor appropriability conditions firms’ R&D 

performance is improved, if they do not acknowledge spillovers. Simultaneously, 

entry barriers are heightened and industry concentration is heightened as well.
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—X— Public R&D

~~1’1 ■ Private monopoly R&D

--------Duopolist individual R&D

—•— Duopolist effective R&D 

—A— Duopoly industry R&D

S 0.60

0.50
Spillovers

Figure 5.8 Scenario 2: Optimal R&D Investment Levels under Different 
Appropriability Conditions.

It seems that the electrotechnical industry does not regard spillovers significant 

enough to cut down R&D investments. Rather, competition for market share 

attracts more R&D. This is illustrated well by the simulations.

Most performed simulations yielded similar results to scenarios 1 and 2. All 

industry R&D investments followed the same pattern. Differences formed in the 

investment levels, most notably with duopolists undertaking more or less R&D 

than the private monopolist. However, there emerged another investment pattern, 

which corresponded more the traditional results. The problem with this parameter 

set is that it yields equilibrium only in a very limited range with a discontinuity 

occurring at a relatively high spillovers level. Figure 5.9 illustrates the second 

found R&D investment pattem for a duopolist.

It can now be seen that a certain parameter value set inverts the R&D investment 

pattem. Now, a duopolist invests less as the spillovers increase. More important, 

however, it is to notice that with this parameter set, firm’s profits decrease with 

improvement in R&D appropriability conditions. Equally, market price and price- 

cost-R&D mark-up decrease as spillovers level decreases (see table D.3 in 

appendix D).
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Figure 5.9 Scenario 3: Alternative Investing Pattern under Different 
Appropriability Conditions.

Scenario 4 focuses on network differentiation issue. Figures 5.10, 5.11 and 5.12 

illustrate the conduct of a symmetric Bertrand duopolist under different network 

substitution levels with fairly good appropriability conditions - spillovers level 

being J4=0.15. As it could have been expected, with increasing differentiation the 

operators face lower competitive pressures. When the consumers regard the 

networks more differentiated, the operators can cut down their respective R&D 

investments. Overall competitive pressure is reduced with differentiation and the 

operators gain market power. They can now price higher with inducing lower 

market share loss effect. This is directly shown in the figures by higher profits 

levels associated with low substitutability levels, as well as the mark-ups operators 

hold. However, as the networks become highly differentiated the positive effect of 

rival’s R&D diminishes. It is not optimal for an operator to fully differentiate. The 

optimal differentiation level, where the operator still gains from rival’s R&D and 

the differentiation allows to price high, is established with the chosen set of 

parameters around cM).5. This is seen in figure 5.10.
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Figure 5.10 Scenario 4: Symmetric Cournot duopolist's Optimal R&D 
Investments and Profits under Different Network Substitutability 
Levels.
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Figure 5.11 Scenario 4: Symmetric Cournot duopolist's R&D Margins and 
Mark-ups under Different Network Substitutability Levels.
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Figure 5.12 Scenario 4: Symmetric Cournot Duopolist's Optimal Price 
under Different Network Substitutability Levels.

Table 5.3 compares different market structures under different substitutability 

levels. Naturally, and as with spillovers, neither the public nor the private 

monopoly is affected by differentiation.

Figure 5.13 depicts the comparison between market structures under different 

network substitutability levels. In this case, the duopoly invests significantly more 

than the private monopoly. The relation is inverted only in the very low 

substitutability levels.
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Table 5.3 Scen amo 4: Firm Behaviour under Different Network 
Substitutability Conditions.

OPERATOR A
PUBLIC PRIVATE IN SYMMETRIC

MONOPOLY MONOPOLY DUOPOLY
Welfare / Profits 1.2942 > 0.1456 > 0.0403
Optimal values

R&D investment к 1.3684 > 0.4407 > 0.2005
Effective R&D investment X 1.3684 > 0.4407 > 0.2306
Industry R&D investment 1.3684 > 0.4407 > 0.4010
Price level p 6.0316 < 7.7987 < 7.9739
R&D investment as % of me 18.49% > 5.96% > 2.71 %
Effective R&D investment as % of me 18.49 % > 5.96% > 3.12%

Parameters
Demand function slope <p 1.05 1.05 1.05
Spillovers У 0.15 0.15 0.15
Index of substitutability 0 0,00 0.00 0.00

OPERATOR A
PUBLIC PRIVATE IN SYMMETRIC

MONOPOLY MONOPOLY DUOPOLY
Welfare / Profits 1.2942 > 0.1456 > 0.0433
Optimal values

R&D investment к 1.3684 > 0.4407 > 0.2309
Effective R&D investment X 1.3684 > 0.4407 > 0.2656
Industry R&D investment 1.3684 > 0.4407 < 0.4619
Price level P 6.0316 < 7.7987 < 7.8731
R&D investment as % of me 18.49 % > 5.96% > 3.12 %
Effective R&D investment as % of me 18.49 % > 5.96% > 3.59%

Parameters
Demand function slope <p 1.05 1.05 1.05
Spillovers У 0.15 0.15 0.15
Index of substitutability : :■ о 0,50 Ö.5U 0.50

OPERATOR A
PUBLIC PRIVATE IN SYMMETRIC

MONOPOLY MONOPOLY DUOPOLY
Welfare / Profits 1.2942 > 0.1456 > 0.0352
Optimal values

R&D investment к 1.3684 > 0.4407 > 0.2678
Effective R&D investment X 1.3684 > 0.4407 > 0.3080
Industry R&D investment 1.3684 > 0.4407 < 0.5356
Price level р 6.0316 < 7.7987 > 7.7509
R&D investment as % of me 18.49 % > 5.96% > 3.62%
Effective R&D investment as % of me 18.49 % > 5.96% > 4.16%

Parameters
Demand function slope <р 1.05 1.05 1.05
Spillovers У 0.15 0.15 0.15
Index of substitutability 1.00 1.00 1.00
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OPERATOR A
PUBLIC PRIVATE IN SYMMETRIC

MONOPOLY MONOPOLY DUOPOLY
Welfare / Profits 1.2942 > 0.1456 > -0.0063
Optimal values

R&D investment a: 1.3684 > 0.4407 > 0.3283
Effective R&D investment X 1.3684 > 0.4407 > 0.3776
Industry R&D investment 1.3684 > 0.4407 < 0.6567
Price level p 6.0316 < 7.7987 > 7.5504
R&D investment as % of me 18.49 % > 5.96% > 4.44%
Effective R&D investment as % of me 18.49 % > 5.96% > 5.10%

Parameters
Demand function slope <p 1.05 1.05 1.05
Spillovers 1 0.15 0.15 0.15
Index of substitutability о 2.00 HI 2.00 2.00

OPERATOR A
PUBLIC PRIVATE IN SYMMETRIC

MONOPOLY MONOPOLY DUOPOLY
Welfare / Profits 1.2942 > 0.1456 > -0.0950
Optimal value$

R&D investment К 1.3684 > 0.4407 > 0.3967
Effective R&D investment X 1.3684 > 0.4407 < 0.4562
Industry R&D investment 1.3684 > 0.4407 < 0.7934
Price level P 6.0316 < 7.7987 > 7.3241
R&D investment as % of me 18.49 % > 5.96% > 5.36%
Effective R&D investment as % of me 18.49 % > 5.96% < 6.16%

Parameters
Demand function slope <p 1.05 1.05 1.05
Spillovers У 0.15 0.15 0.15
Index of substitutability О 3UU 5.00 5.00

OPERATOR A
PUBLIC PRIVATE IN SYMMETRIC

MONOPOLY MONOPOLY DUOPOLY
Welfare / Profits 1.2942 > 0.1456 > -0.1314
Optimal values

R&D investment а 1.3684 > 0.4407 > 0.4178
Effective R&D investment X 1.3684 > 0.4407 < 0.4804
Industry R&D investment 1.3684 > 0.4407 < 0.8355
Price level р 6.0316 < 7.7987 > 7.2542
R&D investment as % of me 18.49 % > 5.96% > 5.65%
Effective R&D investment as % of me 18.49 % > 5.96% < 6.49%

Parameters
Demand function slope <Р 1.05 1.05 1.05
Spillovers > 0.15 0.15 0.15
Index of substitutability О 8.00 8:00 8.00

Fixed parameters
сЪ 2.50 cl 2.40
ej 0.40 t 2.55
Ф 9.07
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Figure 5.13 Scenario 4: Optimal R&D Investments under Different 
Network Substitutability Levels.

Scenario 5 reveals that demand function’s slope has an intuitive effect on firms’ 

R&D investments. Steeper demand functions are associated with lower levels of 

R&D investments. Firms are attracted to invest heavily in cost-reducing R&D, if the 

potential increase in demand is higher. An equal price drop induces the higher 

increase in demand the less steep demand function is. Hence, gradually decreasing 

demand function attracts high R&D investments, whereas low R&D investments are 

associated more with steeper demand functions. Equally intuitively, steeper 

demand functions are associated with lower profits levels. The results on demand 

function slope’s influence on firms’ R&D investments are summarised in table 5.4 

below. The analysis on demand function slope reveals that R&D investments are 

heavily driven by demand. The result favours a demand pull engineered 

technological progress in the post-discontinuity era telecoms. The results hold for 

all market structures considered. The reason for high impact of demand function’s 

slope is due to the imperfectly competitive environment in all cases.
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Table 5.4 Scenario 5: Impact of Demand Function's Slope on r&D 
Investments.

operator A
PUBLIC PRIVATE IN SYMMETRIC

MONOPOLY MONOPOLY DUOPOLY
Welfare / Profits 1.3909 > 0.1133 > 0.0193
Optimal values

R&D investment К 1.4313 > 0.4642 > 0.2700
Effective R&D investment X 1.4313 > 0.4642 > 0.3105
Industry R&D investment 1.4313 > 0.4642 < 0.5399
Price level P 5.9687 < 7.8285 > 7.8183
R&D investment as % of me 19.34 % > 6.27% > 3.65 %
Effective R&D investment as % of me 19.34 % > 6.27 % > 4.20 %

Parameters
К Demand function slope ■■ ç 1.04 : ; 104 1.04

Spillovers > 0.15 0.15 0.15
Index of substitutability О 1.00 1.00 1.00

operator a
PUBLIC PRIVATE IN SYMMETRIC

MONOPOLY MONOPOLY DUOPOLY
Welfare / Profits 1.1942 > 0.0456 > -0.0066
Optimal values

R&D investment К 1.3684 > 0.4407 > 0.2295
Effective R&D investment X 1.3684 > 0.4407 > 0.2639
Industry R&D investment 1.3684 > 0.4407 < 0.4590
Price level P 6.0316 < 7.7987 < 7.8778
R&D investment as % of me 18.49 % > 5.96% > 3.10%

Effective R&D investment as % of me 18.49 % > 5.96% > 3.57%
Parameters

Demand function slope 1.05 1.05 1 05
Spillovers > 0.15 0.15 0.15
Index of substitutability О 1.00 1.00 1.00

OPERATOR A
PUBLIC PRIVATE IN SYMMETRIC

MONOPOLY MONOPOLY DUOPOLY
Welfare / Profits 1.0085 > -0.0177 > -0.0385
Optimal values

R&D investment к 1.3043 > 0.4170 > 0.1867
Effective R&D investment X 1.3043 > 0.4170 > 0.2147
Industry R&D investment 1.3043 > 0.4170 > 0.3733
Price level P 6.0957 < 7.7698 < 7.9441
R&D investment as % of me 17.63 % > 5.64% > 2.52%

Effective R&D investment as %,of me 17.63 % > 5.64% > 2.90%
Parameters

Demand function si one 1,06 1.06
Spillovers t 0.15 0.15 0.15
Index of substitutability о 1.00 1.00 1.00

Fixed parameters
cŒ. 2.50 c4 2.40
c9 0.50 t 2.55
Ф 9.07

It has been discussed in various points of the thesis that the appropriability 

conditions in Finnish telecoms are poor. Knowledge spills to rivals indirectly via 

equipment manufacturers as well as directly to rivals. Sonera, the R&D leader,
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faces a problem to control knowledge leakages. The problem dates back to pre

privatisation time, when R&D were aimed to generate new technology with 

scientific ambitions. Knowledge flows were not controlled, instead new 

knowledge was willingly spread, for example in published Ph.D. theses [Relander 

В]. Privatisation has not eliminated free flow of knowledge, and spillovers form a 

formidable problem for Sonera. Following scenario 6 is designed to illustrate the 

Finnish telecoms environment. It presents one alternative solution to Sonera’s 

problem. The solution was in fact already presented with the study over 

substitutability levels. As consumers regard the two networks more differentiated, 

the operators can reduce their R&D investments. Simultaneously they may gain 

higher mark-ups and higher profits. Differentiation reduces the negative effects of 

spillovers and weakens the competitive pressures.

■ -Profitt (t-cE* 0) --------Profits (t-cE- 0.20) -........Profits (t-cE= 0.30)

-о--R&D investment (t-cE= 0) —°— R&D investment (t-cE= 0.20) investment (t-cE= 0.30)

Figure 5.14 Scenario 6: Symmetric Duopolist's R&D Investments under 
Different Network Substitutability Conditions and Poor 
Appropriability Conditions.

Figure 5.14 illustrates the effects of decreasing level of network substitutability 

(i.e. the effect of increasing network differentiation) in a poor appropriability 

environment ()¿=0.75). Demand and cost structures are kept constant during the 

simulation sun.
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The figure 5.14 underlines the importance of network differentiation. As the 

consumers regard the two networks more differentiated, the operators can cut 

down their respective R&D investments. The operators can also price higher as 

their market power increases. Potential market share loss is reduced by 

differentiation. Consequently, the operators gain higher profits. Importantly, 

perfect network differentiation (<7—>0) does not yield highest profits. The peaks of 

the profits curves can be traced to be around 0.50<o<0.75. After the cut-off 

substitutability level, profits start to decrease again (but only minimally) as 

differentiation still grows. High level of differentiation is thus desired by a 

duopolist, but zero substitutability is not optimal. The positive cost-reducing 

spillovers effect is in that situation negated, which is not sufficiently compensated 

by increase in market power.

Laffont et al. [1997] found interconnection charges a potential device for tacit 

collusion. Figure 5.14 illustrates also the role of interconnection charges in my 

model. For the chosen parameter set, high interconnection charge is associated 

with higher profits level, though with high substitution the difference is minimal. 

Clearly, it is of incumbent telcos interest to negotiate a high interconnection 

charge. For the regulator, optimal interconnection charge level is the one equalling 

the terminating cost, which yields the lowest market price. The results here agree 

with those in Laffont et ai [1997].
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6 Model Extensions, and Ideas for further 

Study

This chapter proceeds with interesting extensions to the compound model 

analysis. The ideas here take the discussion back to a more general level with 

obvious linkages to the discussion of chapters 2 and 3.

Asymmetries in r&d Production and Use. Additional hardships for 

spillovers modelling arise from the asymmetric capabilities of real life firms to 

take advantage of knowledge leakage of other firms and of capabilities to restrict 

own knowledge leakage. Among others, different production methods, 

organisational resistance, lack of knowledge management (learning organisation), 

imperfect formal methods of property rights protection (including e.g. patents and 

licensing), all create potentially significant asymmetries in creation and 

capabilities of adoption of new knowledge [De Bondt 1996]. Geroski [1995a] 

notes that appropriability conditions are heterogeneous across industries. For 

example, patents give much more protection from imitation in drugs than in 

electronics and machinery. Similarly, imitation times depend on industry. These 

have direct effect on industry R&D efforts. The capability to master the realm of 

Creative Destruction and increasing returns is the ultimate competitive factor of 

modem telcos. Optimisation of resources, as Schumpeter [1987] already noted, is 

secondary, yet nevertheless important. Optimisation of knowledge is far more 

important. Optimisation and control of knowledge flows (including involuntary 

and voluntary spillovers) create the basis for successful telco value-chain 

restructuring. The restructuring is inevitable. More precisely, the restructuring is a 

do-or-die, there is no escape to staying with the present business, as the market 

R&D leaders will swipe the carpet under the feet of slow telcos.

Sophisticated Pricing Schemes. The assumption of basic linear non- 

discriminatory pricing is clearly not acceptable, if more accurate view of the real 

world is desired. Most mobile operators charge subscribers a fixed monthly 

service fee. Also, most mobile operators offer lower per minute tariffs for calls
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that terminate on own network. Low internal call rates reinforce the demand side 

positive network externalities. A common feature with different pricing schemes 

is attempt to reinforce the network economics and lock consumers in. More 

sophisticated pricing schemes thus are likely to intensify the telco market share 

competition.

Dynamic Features and Nature of Competition. In the subscriber choice of 

network section, the differences are noted between the compound model and the 

Laffont et al. [1997, 1998] network adoption system. Even more sophisticated 

network adoption structure can be found in Katz & Shapiro [1986], where 

consumers choose (network) technology in two periods. Each subscriber 

acknowledges that the value of their choice depends on the number of other 

consumers choosing the same technology. In a more dynamic world than the one 

modelled here, this kind of network adoption system seems desirable, as one of 

key revenue drivers is market share (and absolute number of subscribers). One 

very crucial competitive factor in mobile business is managing chum. The more 

mature mobile market grows the more important it is. Dynamic network adoption 

should therefore also include a possibility for (early) adopters to switch networks 

to capture the effects of chum. The value of Katz & Shapiro [1986] system is that 

it allows subscribers to play wait-and-see game. Usually, subscribers benefit from 

large subscriber base due to demand side positive externalities. The subscribers 

could be then differentiated according to their time-preference: impatients and 

patients. The impatients are those subscribers that value mobile telephony enough 

to adopt in the first period, and to take the risk that their adopted network will lose 

in the future. The cost of early adoption is high, partly because of the uncertainty, 

and partly because of high prices operators ask initially to cover high set-up 

expenses. In worst case, these subscribers will face second adoption costs when 

they must switch networks. Patient subscribers, on the other hand, are low-end 

users who prefer to play safe. The utility of mobile telephony is less to them, and 

they can afford to wait and adopt with higher certainty the network that secures 

them the highest utility.
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Time separation is likely to change operator behaviour. First, impatient 

subscribers tend to be high-end users, who create significantly higher revenues 

than the low-end users. The high-end users also act as a positive signal for late 

adopters. Initial battle between the operators would then be for the first-mover 

subscribers. This requires the operators to set relatively low prices initially. They 

can do this either by retaining relatively constant (cost-reducing) r&d investment 

level and undergo initial losses due to high costs level. The other strategy would 

be to weight initial R&D investments. Credible commitment to R&D reduces the 

uncertainty and associated costs first movers face over future markets. In the latter 

case, the operators experience high initial R&D costs. This is exactly the case of 

symmetric sponsored technologies in Katz & Shapiro [1986], studied in section 
3.2.1.

Firm co-operation in this set-up is likely to only shift the focus of non-price 

competition. If the firms co-operate in the first stage R&D, but simultaneously have 

to compete for the first-adopters, they are likely to do this by increasing other non

price investments e.g. advertising. Co-operation in R&D, however, is likely to 

reduce excess R&D investments, as in the d’Aspremont & Jacquemin [1988] or 

Kamien et al. [1992] models. Firms do not need to race in R&D, so waste of 

resources in duplication due to crowding and spillovers effects is dissipated. The 

higher is the value of first-adopters to the operators, the more likely operators are 

to invest excessively in other non-price investments. Obviously, the strategic R&D 

investments in the models can be regarded as any other strategic investments. 

From this, there arises second interesting issue of further study: incorporation of 

Xi, i=l.. .n strategic variables in the compound model, of which some involving 

co-operation. It would show how telcos may co-operate and compete 

simultaneously. This set-up approaches the collusive giant firms of Cowling 

[1981, 1982]. He regards that collusive behaviour co-exists with intense rivalry, 

and partly is due to rivalry. Cowling [1981] argues that even threat of entry may 

be insufficient to break up the oligopolistic structures. Entry pressures are simply 

met with higher investments in strategic factors (excess capacity in Cowling 

[1981]), which dissipates some of the monopoly rents, but leaves the basic
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oligopoly structure intact. The threat of entry could even strengthen the present 

oligopoly collusion as firms increase their monopoly power with higher strategic 

investments.

The pure strategic R&D investment models show, how co-operation in fact can 

induce higher level of R&D. The simple textbook argument that competitive 

markets provide the highest welfare is destroyed under the market failure due to 

spillovers. In telecoms, the co-operation in R&D field is common. For example, the 

equipment manufacturer rivals, including Nokia, Ericsson and Motorola, are 

involved in a joint project for the development of third generation mobile 

solutions. Each firm owns a 23.1% share of their joint venture Symbian 

[Kauppalehti 1.3.1999]. The largest owner is Psion, the palm-sized computer 

manufacturer, with a 30.7% share. Symbian is the firm that is researching Epoc- 

technology, which is planned to form the platform for third generation standard. 

Interesting issue is that although Epoc supports wireless application protocol 

(wap) standard, Motorola has announced a wait-and-see strategy concerning WAP 

handsets. It wants to observe the technological leaders’ market performance first 

before its own entry, whereas both Nokia and Ericsson are planning to introduce 

each a wap handset in near future (current estimate for Nokia wap introduction to 

consumer markets is late summer 1999). Symbian is also a direct indication of the 

importance of global standards. An emergence of large consortiums is the 

outcome of the battle for global standard, as no single firm is large enough to 

pursue own standard alone. As it is known, these firms are the fiercest of rivals in 

the final product market. Now, the government policy should encourage this kind 

of R&D co-operation, as it increases welfare [dAspremont & Jacquemin 1988, 

Kamien et al. 1992]. Problems do arise from the fact that the co-operation is 

international. Local governments face a hurdle of setting common international 

rules for co-operation. International organisations (e.g. ITU) are needed to 

facilitate this process. Second problem is the fact that collusion in one field 

expands easily to others.
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Another example of R&D co-operation can be drawn from Finnish paper and pulp 

industry [HS 10.6.1999]. Competitors Stora Enso and UPM-Kymmene jointly 

own a recycling firm for cartons, Corenso. Corenso applies a significant 

innovation for recycling. Although the innovation cannot be accounted as pure 

basic R&D innovation, it is neither a pure applied R&D innovation. The innovation 

is also relatively expensive, so that the Finnish government has had to invest some 

FIM20 million (approximately 20% of the total investment) in the venture. The 

investment would have such a long payback time without government sponsorship 

that is not accepted by the private firms. It must be remembered that basic R&D 

usually has longer pay-back times than applied R&D. Again, the government has to 

intervene in order to bring innovations generated in basic R&D into use. The gap 

between private and social returns in this case is large enough that firms, acting 

short-termismly, would not actualise the innovation without government support. 

Here government support corresponds an innovation prize targeted to increase 

returns to private R&D.

In the simulation runs, knowledge sharing was revealed beneficial for the firms, 

despite no joint profit maximising efforts. Duopolists gained highest profits, when 

spillovers reached the maximum (y=\). Knowledge sharing also benefits 

consumers, as the market price is lowered with increased R&D efforts. Duopolists 

charge the lowest price with complete knowledge sharing.

Despite the above reflections, the compound model stays too static in nature. This 

is very concerning especially because I have put effort to bring forth the dynamic 

nature of telecommunications of today. One needs not to be a Wall Street analyst 

to observe the rapid change in telecommunications: price for services drops fast 

and chum is increasing as new players enter the market, and of course the 

technological change shapes the whole industry by breaking old frontiers. Kelly 

[1997] summarises the future prices in ‘The Law of Inverse Pricing': as the 

quality and value of commodities increase their price will be devalued. Relander 

[В] on the other hand summarises the future of telecoms market structure in 'The 

Law of Diminishing Firm Size'. Atomistic firms can have major impact on future



142

telecoms standards, but they will be quite likely bought off the market by large 

incumbents eventually.

Asymmetries between Entrants and Incumbents. Opening of the telecoms 

market has introduced a range of entrants. Some of them prefer to build their own 

physical networks. Some entrants build only a limited network, or no own network 

at all and resort to roaming and leasing capacity from the incumbents. Both entrant 

types need to come into agreement with the incumbents on interconnection. Even 

with own full-coverage physical network, the entrants need the interconnection to 

incumbents’ subscribers to be competitive. Due to inevitably small initial market 

share, entrants face sizeable interconnection costs. McKinsey & Company report 

that these costs range from 25 to 40 per cent of entrants’ costs [Beardsley & Evans 

1998].

Entrants’ lack of physical network does not affect incumbents’ costs, as they need 

not enter into agreement with the entrants. However, the incumbents face loss of 

market share in the segment entry has taken place. Laffont et al. [1997] and the 

simulations of this thesis show, how high interconnection charge benefits the 

incumbents. Clearly, it remains a regulatory issue to force the incumbents into an 

agreement over low interconnection fee so that the entrants face fair terms of 

competition.

Second characteristic that differentiates the entrants from incumbents is horizontal 

focus on one or two market segments. Usually entrants target either the extreme 

low-end or extreme high-end segments. The demand patterns are very much 

unlike, so the single naïve linear demand function is not sufficient to characterise 

entry. Mobile telephony demand has clear transition points. Business demand is 

more inelastic than consumer demand. In addition, consumer demand separates 

into fast adopters, whose demand is generally less price sensitive, and late movers.

Cost structures of incumbents and entrants are different partly because of the high 

interconnection charges and initial entry costs, and partly because of the 

opportunities to gain specialisation economies with concentration on narrow
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market segments. Some entrants can also offer services without a fixed own 

subscriber base, but serve the subscribers of incumbents. For example, they offer 

international calls for low prices. This breaks the traditional market share 

competition.

Technological Change, Entry, Entry Deterrence and Sunk Costs. 

Neglecting entry (contestable markets) is the most severe shortcoming of the 

compound model. It has been presented that technological change has rendered 

telecoms feasible for competition by removing the natural monopoly tendencies. 

Entry has taken place, and further entry is expected in near future. It has been also 

suggested that the threat of entry plays a significant role in incumbent firms 

strategies. Geroski [1995b] points out that net entry is considerable less than gross 

entry. Average net penetration e.g. in the U.K. during 1974 - 1979 was negative 

(-0.42%), indicating a growth in concentration. In telecoms, entry is active, but the 

life span of an entrant is not necessarily long. Many internet firms end up being 

bought by a large player early in their lives. A typical new entrant does not present 

a serious threat on the large incumbent telcos. A more serious threat is large firms 

entering via diversification. Martin [1989] emphasises the asymmetries between 

large and small entrants in capital raising. Large firms can finance operations 

internally, and may face better terms on financial markets. Geroski [1995b] points 

out that large firms diversifying into new markets have higher survival rates than 

small entrants. An excellent example is Mannesmann, the German industrial 

group, which operates D2, one of the most successful mobile operators in 

Germany.

Reduction in industry concentration is not guaranteed with free entry in R&D 

intensive industries. An important feature of R&D associated with industry 

concentration is its sunk costs nature [Stiglitz 1987]. Firms have to consider how 

R&D investments, i.e. the associated sunk costs, affect firm interaction in final
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product markets. The sunk costs are thus endogenous sunk costs [Sutton26 1991, 

pp. 11 - 12, 313 - 314]. Exogenous sunk costs on the other hand are more related 

for production facility set-up. The interaction of exogenous and endogenous sunk 

costs is important, but with telecoms and other fast evolving high technology 

industries, the endogenous sunk costs outweigh the exogenous ones in importance. 

Sutton [1991, pp. 307 - 308] summarises that concentration never reaches zero, 

when endogenous sunk costs are more crucial; and more importantly the higher 

the sunk costs are the higher is the minimum industry concentration level.

Contestable markets affects incumbents’ strategies. Spence [1977] and Bulow et 

al. [1985b] show that incumbents choose to hold idle capacity to deter entry. Sunk 

costs associated with capacity investments have to be credible to deter entry. 

Gilbert [1989] and Geroski [1995b] point out that feasible sunk costs may not be 

large enough in some industries. Fast growth of an industry reduces the entry- 

deterring power of idle capacity, especially in fast evolving high technology and 

telecoms sectors idle capacity may not be credible to deter entry. In Martin’s 

[1989] model the crucial issue is how ‘sunk’ the cost of strategic investment is. He 

argues that at minimum the investment cannot be re-locatable or re-sellable.

Large incumbents have an incentive to collude to reap higher (cartel level) profits. 

A collusion facing entry has a similar choice to invest in a strategic variable to 

deter entry. Kiiman & Masson [1986] show that a loose oligopoly is likely to 

invest more in idle capacity than a tight one, which has more complete market 

information, both qualitative and quantitative. With better information, a tight 

oligopoly can estimate the required entry-deterring strategic investments. The 

strategy for a tight oligopoly is then to mimic a loose oligopoly [Kiiman & 

Masson 1986]. Signalling loose structure, it can create noise to hinder entrants 

acquiring information on entry’s feasibility. The probability of failure of an entrant 

is higher as its information stock on entry is lower [Geroski 1995b]. An alternative

26 Note that Sutton [1991, p. 314] considers demand augmenting R&D, but his analysis is extended to cost-reducing 

process R&D easily.
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strategy that Kinuan & Masson [1986] do not consider is a predatory strategy. A 

tight oligopoly can signal clearly of its retaliatory power and hostile attitude 

towards entry in order to deter entry. This kind of strategy could be supported with 

an industry history of e.g. predatory pricing or hostile take-overs. If the oligopoly 

is tight enough, this strategy will be clearly credible and effective. Kinuan & 

Masson [1986] argue that entry deterrence is based on entrants’ expectations on 

how tight and stable collusion in the oligopoly is. According to them the most 

important issue is how easily collusion breaks into competitive price war - not any 

threat of strategic entry deterring behaviour from the incumbent oligopoly. 

However, predatory behaviour supported by a tight oligopoly is a credible strategy 

to deter entry. This signalling of stable collusion can be detected (at least to some 

extent) again in the recent roaming tug-of-war in Finland. The significance of 

entrants’ expectations is well addressed in Fudenberg & Tiróle [1984]. An 

incumbent firm plays a 'lean and hungry look’ strategy to deter entry. It 

underinvests in R&D to be tougher after entry takes place. However, the strategy 

for entry-deterrence depends on firms’ reaction curves, i.e. how the competitor 

would respond to incumbents price cuts. In Fudenberg & Tiróle’s [1984] R&D 

game strategic investment in R&D makes the incumbent soft, and therefore it 

prefers to underinvest. Stiglitz [1987] shows that the incumbent takes advantage 

of his first-mover position and blocks entry with proper R&D investments. He 

argues also that incumbent’s first-mover advantage is to some extent offset by 

entrants’ advantage to employ better (more up-to-date) technology. If the second- 

mover advantage is high, then the entrants can drive incumbents off the market. 

Stiglitz [1987] notes that this replacement of incumbent (monopoly) firms is close 

to what Schumpeter [1987] had in mind.

Smiley [1988] shows that firms do invest in entry-deterring strategies. He reports 

that 54% of the firms in his survey reported frequent use of some entry deterring 

strategy and a significant 89% of firms reported occasional or more frequent use. 

Importantly, entry-deterring investments are more concentrated in R&D, 

advertising, hiding profits and space packing instead of limit pricing strategies. 

Clearly, this kind of behaviour is aimed to increase firms’ power. Collusion in
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industries becomes more stable, as firms gather more strategic power and means 

of retaliation. Furthermore, firms in new emerging markets tend to invest in 

strategic R&D and advertising rather than in excess production capacity or limit 

pricing strategies [Smiley 1988]. Geroski [1995b] adds that entry does not have 

very significant effect on price-cost margins.

According to Geroski [1995b], entry rates are not constant, but rather they vary 

significantly over the maturity of the industry. He notes that entry is most common 

at the very first stages and it has positive correlation with innovation rates and 

growth of market. Major origin of innovation, however, is not the entrants but 

large incumbents [Geroski 1995b]. This is shown also by Dasgupta & Stiglitz 

[1980a, 1980b], Moreover, entry by innovation can be absorbed by the incumbents 

by acquisitions leading towards more concentrated industry. This is in accordance 

with the contemporary view of endogenous innovation - market structure relation. 

In addition, it accords with argumentation in this thesis that growth of new 

markets can be so fast that entry is inevitable.

Accepting Arrow’s [1962] view of individuals being the most important source of 

innovations, idle capacity can be extended to involve labour as well. Usually in 

emerging markets, there exist only a very limited number of (the most) competent 

people. Large incumbents can deter entry by innovation by hiring these people. 

This has, though, a negative effect on the incumbent as well. Three adversities can 

be detected. First, excess personnel raise costs. Second, hoarding labour lowers 

wages and reduces appreciation of the firm as an employer. Third, labour reserves 

serve as potential origin of spin-off companies (Silicon Valley effect). These spin

offs have the advantage of having experienced employees and have higher 

probability of survival.

Stiglitz [1987] criticises the contestable markets theory. He presents several cases, 

where the existence of sunk costs and increasing returns, which he claims to be 

ever present with R&D, destroys the strict pricing outcome of contestable markets. 

According to him, potential competition does not ensure static or dynamic 

efficiency because of technological change. He though admits that potential
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competition ensures dynamism in economy, but in the presence of sunk costs 

profits do not necessarily attract entry. Although he admits that the real world is 

too complicated to be presented in a single exhaustive model, he presents some 

valid arguments on entry. Firstly, technological change stimulates entry. Entry is 

spurred also by expected future profits. Validity of these arguments to telecoms is 

obvious. Entry is discouraged by sunk costs and the expectations on hostile 

incumbent actions. The most interesting point he brings forth is that imperfect 

substitutability in products eases entry. It was established with the numerical 

experiments that firms’ profits were higher when product substitutability was 

reduced. Product differentiation reduces pressure in price competition, granting 

higher margins. Subsequently the future profits can be higher. So, Stiglitz’ [1987] 

argument is confirmed by the simulations.

Government Ownership. Privatisations seldom are a shotgun event, where the 

government gives up all of its ownership. Rather, usual rate of privatisation stays 

under 50%, in order to keep control in government’s hands. Another choice is to 

establish a golden share (or a kiwi share in Telecom New Zealand), which 

establishes a veto right for the government in all major decisions. Restrictions in 

decision-making, and limitations in floatings are set in order to protect national 

interests. Telcos are seen as critical part of national infrastructure, which should 

be kept in government control in the name of national security. Of course, this 

point of view has lost foothold recently with the rapid pace of technological 

change taking place.

Interestingly, although the former national operators remain over 50% 

government-owned, the managements act as in a fully privatised firms. The 

governments seem not to take the role of an active board member. This proofs the 

earlier discussion that government does not have any advantage running telcos to 

private shareholders. It should therefore give up its ownership, especially as 

government ownership is usually seen as a hindrance by investors. This creates an 

interesting field for empirical study. How does the stock market value fully private 

R&D versus R&D done by the over 50% government owned telco? As it has been
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discussed throughout this thesis, the telco should have a bias towards basic R&D, if 

the government is an active owner. Basic R&D in general is more expensive, 

riskier, produces more competence destroying innovations, but also may yield 

higher returns. Furthermore, the shift from basic R&D towards applied R&D may 

require long time, during which the telco still produces R&D that benefits its rivals 

more than fully private R&D. If this holds, then entry is facilitated to some extent 

as the technological gap between the incumbent and entrant is diminished with 

large spillovers. Relander [A] claims that, at least in Sonera, the shift from basic 

to applied R&D is a cumbersome and time-taking process. It is also a managerial 

question of high importance, which should also attract academic interest. On the 

other hand, the presence of government reduces also the threat of bankruptcy, 

which may potentially inflict (x-)inefficiency.
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7 Conclusions and Closing Discussion

This study has attempted to reveal the insufficiness of basic R&D and network 

economics modelling for telecoms operator competition. Rather, the game in 

strategic variables is today important enough to be included in the complete 

industry modelling. It has been argued that the competition in strategic variables in 

fact is the essential battle field in the presence of network economics, which give 

rise to increasing returns. Therefore the study has incorporated the fundamental 

features of strategic R&D games and of networked industry models.

The set-up of the study discussed extensively the complexity of present-day 

telecoms. The ultimate idea behind the set-up discussion was to provide some 

insight into the evolution process of telecoms (or any industry presenting strong 

increasing returns). Both history and future aspects were discussed. It was argued 

very strongly that Schumpeter’s [1987] Creative Destruction process is the driving 

force in modem telecoms. Entry by innovation has to (if not totally, then at least 

almost totally) base on an innovation that introduces a severe discontinuity in the 

present line of technological development. An entrant cannot break otherwise the 

forces of increasing returns that favour large-scale incumbents. Respectively, 

incumbent firms have to introduce major innovations in order to deter entry and 

protect market share. As a combination of latent contestability and apparent 

market share competition the whole industry is drawn into the realm of Creative 

Destruction.

The compound model is a snapshot picture of present-day mature telecoms 

market. It does not reveal the process leading to this state nor the path out of it. 

These would demand quite radical models, especially because the future 

technological discontinuity will most certainly subvert the whole concept of 

telecoms competition. It would not be too daring to claim that the following 

discontinuity will blur the traditionally well defined boundaries of telecoms 

industry. Where the compound model is at its best, is when it is employed to study 

the interaction of operators. The model reveals the most crucial competition
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factors, and it illustrates well the harsh competition taking pláce in modem 

telecoms.

The traditional pattem of discouraged R&D efforts under worsening appropriation 

conditions is shattered. It was found that spillovers in fact encouraged higher level 

of R&D, and with increased R&D efforts firm profits were increased as well. The 

result is surprising, as spillovers are seen as a more negative effect from the firm’s 

point of view than a positive. The cost-reducing nature of the R&D overruled the 

negative strategic aspects of technological spillovers. Alternatively, knowledge 

sharing benefited telcos, even without formal R&D co-operation. This result, 

however, is not a complete picture. Under a different set of parameters, the 

traditional result re-emerged.

Regarding to the telecoms liberalisation issue, the high proportion of basic R&D a 

newly privatised telco undertakes may not be bad. High spillovers were revealed 

to be associated with higher profits levels - at least with certain parameter values. 

More importantly, basic R&D are more likely to produce innovations that are a 

source of next technological competence destroying discontinuity. Mastering the 

discontinuities is the key competition (and survival) factor in modem network 

businesses. For a social planner it is better as well that the discontinuities originate 

in domestic firms. In respect to international trade, surely, a domestic successful 

firm is desirable. A severe discontinuity can swipe the basis of industries. If the 

source of the discontinuity is domestic, then the domestic market will have the 

advantage of a head start in building a competitive industry before international 

rivals emerge.

Second major field of investigation involved network substitutability. It was found 

that the operators prefer differentiated networks. As expected, competitive 

pressures were reduced as networks were more differentiated. With higher 

differentiation level, the operators could cut down their R&D efforts without losing 

market share due to higher market price (direct cause of smaller R&D efforts). 

Perfect differentiation, however, was not optimal as then the positive spillovers
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effect of rivals R&D was negated totally. The simulation runs revealed though that 

the optimal differentiation level lay very close to the perfect differentiation level.

Third field of special interest involved demand’s price elasticity. Here, there did 

not arise any surprising new results. Rather the result what was expected was 

confirmed. Steeper demand functions were associated with lower levels of R&D 

investments and lower profit levels. A price drop granted higher increase in 

demand with gradually decreasing demand functions. This encouraged firms to 

undertake high R&D investments. Subsequently, demand expansion yielded higher 

profits.

Throughout the thesis, some reflections on the Schumpeterian hypothesis were 

presented. The simulations shed more light on the issue. Scenario 1 showed that a 

pure private monopoly performed more R&D than the competitive duopoly. 

Scenario 2, on the other hand, showed that the private monopoly performed more 

R&D than the competitive duopoly only in the low spillovers region. Similarly the 

run, which studied network substitutability, showed that the private monopoly 

performed more R&D only with very low network substitutability levels. This 

result is heavily influenced by the low spillovers level (?*=0.15) assumed. So, the 

simulations did not show any common pattem. Instead, they only reinforced the 

claims of a very complex nature of the hypothesis. The most robust pattem was 

that neither the private monopoly nor the competitive duopoly succeeded in 

undertaking sufficient amount of R&D compared to the social optimum. Neither 

did there emerge any pattern, where the private firms would be involved in 

socially excessive level of R&D.

The model suggests that differentiation will be the future path of telecoms 

development. New value-added services and sophisticated pricing schemes are 

targeted to differentiate fundamentally alike networks from each other. With 

differentiation telcos can reduce chum and gain monopoly power over existing 

subscribers, as their incentives to switch operators are reduced. Differentiation is 

likely to be the most active field of innovation as the traditional industry
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boundaries vanish. New services, which merge industries and yield differentiation 

gains, will be the key profit drivers.

This study has discussed critical issues modem telcos face today. The compound 

model captured the competition scene. However, the scene is valid only a short 

period of time, as the increasingly fast pace in technological advance in telecoms 

and integrating industries will shape the future of telecoms competition to one 

which is very difficult to predict. Some insight to what will be the next killer 

strategies for telcos were provided, but they by no means lay the definite path to 

success - notably as the forces of Creative Destruction favour a player with 

completely new and radical concept of telecoms competition for the future.

1
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Appendix A. British Telecom Key Figures 1980 - 1997

Table АЛ ВТ Group Key Figures 1/3 [ВТ 1984,1985 -1997].

Abolishment of BT's monopoly

Year
1980
1981

Turnover, £M
3 601
4 570

Turnover y-o-y

26.9 %

R&D
expenditure, £M 

96
123

J&1D y-o-y
change

28.1 %

R&D margin, 
(R&D

expenditure / 
turnover) *100 

2.7%
2.7 %

1982 5 763 26.1 % 158 28.5% 2.7%
1983 6 414 11.3 % 172 8.9 % 2.7 %

ВТ privatisation 1984 6 876 7.2 % 179 4.1 % 2.6 %
1985 7 653 11.3 % 182 1.7% 2.4%
1986 8 387 9.6% 161 -11.5 % 1.9%
1987 9 424 12.4 % 190 18.0 % 2.0%
1988 10185 8.1 % 195 2.6% 1.9%
1989 11 071 a.7% 214 9.7% 1.9 %
1990 12 315 11.2 % 228 6.5% 1.9%

Further liberalisation 1991 13 154 6.8 % 243 6.6% 1.8 %
1992 13 337 1.4% 240 -1.2 % 1.8 %
1993 13 242 -0.7 % 233 -2.9 % 1.8 %
1994 13 675 3.3% 265 13.7% 1.9 %
1995 13 893 1.6% 271 2.3 % 2.0%
1996 14 446 4.0% 282 4.1 % 2.0%
1997 14 935 3.4 % 291 3.2 % 1.9 %

Table A.2 ВТ Group Key Figures 2/3 [ВТ 1984,1985 -1997].

Abolishment of BT s monopoly

R&D exp. as 
%of

Operating cash operating cash 
Year flow, £M flow
1980 727 13.2%
1981 1045 11.8 %

Capital
expenditure

987
1250

R&D as % of 
capital 

expenditure 
9.7% 
9.8%

1982 1583 10.0% 1476 10.7%
1983 1796 9.6% 1550 11.1%

ВТ privatisation 1984 1899 9.4% 1533 11.7%
1985 2424 7.5% 1855 9.8%
1986 2903 5.5% 1968 8.2%
1987 3 401 5.6% 2140 8.9%
1988 4034 4.8% 2361 8.3%
1989 4174 5.1% 2947 7.3%
1990 5107 4.5% 3115 7.3%

Further liberalisation 1991 5 470 4.4% 2 758 8.8%
1992 5710 4.2% 2446 9.8%
1993 5130 4.5% 2155 10.8%
1994 4917 5.4% 2171 122%
1995 5119 5.3% 2 671 10.1 %
1996 5 834 4.8% 2771 10.2%
1997 6192 4.7% 2719 10.7 %
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Table А.З ВТ Group Key Figures 3/3 [ВТ 1984,1985 -1997].

Abolishment of BT s monopoly

Year
1980
1981

Total operating 
costs, £M

2 747
3 456

Total operating 
cosa g-o-g

25.8%

R&D
expenditure as 
% of total op.

3.5%
3.6%

Profit before 
extraordinary 
items and tax, 

£M
317
570

R&D exp. as % 
of profit before 
extraordinary 
items and tax 

30.3% 
21.6%

EBIT, £M 
854

1 114

R&D exp. as % 
of EBIT 
11.2% 
11.0%

1982 4 271 23.6% 3.7% 936 16.9% 1 492 10.6%
1983 4 834 13.2% 3.6% 1 031 16.7% 1 580 10.9%

ВТ privatisation 1984 5 342 10.5% 3.4% 990 18.1 % 1 534 11.7%
1985 5 778 8.2% 3.1% 1 480 12.3% 1 875 9.7 %
1986 6 269 8.5% 2.6% 1851 8.7% 2 118 7.6%
1987 7 075 12.9 % 2.7% 2 067 9.2% 2 349 8.1 %
1988 7 576 7.1% 2.6% 2 292 8.5% 2 609 7.5%
1989 8264 9.1 % 2.6% 2 437 8.8% 2 807 7.6%
1990 9 105 10.2 % 2.5% 2 302 9.9% 3 210 7.1 %

Further liberalisation 1991 9 623 5.7% 2.5% 3 075 7.9% 3 531 6.9%
1992 9 922 3.1% 2.4% 3 073 7.8% 3 415 7.0%
1993 10 806 8.9% 2.2% 1 972 11.8 % 2 436 9.6%
1994 10 660 -1.4% 2.5% 2 756 9.6% 3 015 8.8 %
1995 11230 5J% 2.4% 2 662 10.2% 2 663 10.2%
1996 11 346 1.0% 2.5% 3 019 9.3 % 3 100 9.1 %
1997 11 690 3.0% 2.5% 3 203 9.1 % 3 245 9.0%

—♦— Turnover y-o-y change

R&D Exp. y-o-y change

Total operating costs y-o-y 
change_______________

Figure A.l Annual Changes in ВТ Key Figures [ВТ 1994,1985 -1997],
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Appendix В. Demand for Access

In figures B.l - B.4 the influence of demand function shape and network 

substitutability levels on the net demand for access function (4.6) are presented. 

Linear demand is of form D~l = 1 — p, and constant elasticity demand function is 

of form Z)"1 = 0.5p1, where p is price and r¡ is the price elasticity of demand. All

other parameters are the same; namely, the market share function and 

substitutability of networks are kept intact in all cases.

--------- substitutablity =2
............ 0.5 substitutability
--------- unit substitutability

-0.2 ■

Figure B.l Network B's Net Demand for Access under Linear Demand.

--------- zero substitutablity
............ 0.5 substitutability

perfect substitutability

Figure B.2 Network B's Net Demand for Access under Inelastic Constant 
Elasticity Demand.
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---------zero substitutablity
............0.5 substitutability
—perfect substitutability1.75-

B*s price

Figure B.3 Network B's Net Demand for Access under Unit Elastic 
Constant Elasticity Demand.

--------- zero substitutablity
............ 0.5 substitutability

perfect substitutability

Figure B.4 Network B's Net Demand for Access under Elastic Constant 
Elasticity Demand.
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Appendix C. Derivation of Theoretical Results

Following is a detailed derivation of the results of the compound model described 

and solved in chapter 4. The analysis bases on the functions and initial 

assumptions introduced in chapter 4. These results also form the basis for the 

numerical experiments of chapter 5.

Appendix C.l. Public Monopoly

The maximisation problem for the social planner is to maximise social welfare. 

Formally, this is formulated as

pUAX

(4.13) max W = q(pjp - (c- x)]-cF-4y(x)+ jq(p)dp,
p

which comprises both firm profit and consumer surplus. Inserting the proper 

demand and cost functions (4.13) can expressed in its extended version

рилх

(4.13’) maxW = (Ф - (pp\p — с + x)-cF - x2 + [Ф - (ppdp .
P.x t

p

In the first stage, the planner chooses the level of R&D investments. In the second 

stage, he sets the social welfare maximising price level. The integral in (4.13) 

captures the consumer surplus. Term p is the social welfare maximising price. 

Second stage first order optimality condition is

dW , X _ ~ _ .

---- = —(p\p —c + x)+ Ф — (pp -Ф + (pp = 0.
dp

The f.o.c. is reduced to marginal cost pricing formula

(4.14) p-c-x.

By substituting the obtained pricing rule back, the initial welfare function reduces

pUAX

W = -cF - x2 + JФ-çpdp.
p

to
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Optimal R&D investment level x is then given by first stage f.o.c.

~~ = -2x + Ф- <p(c - jc)= 0, 
dx

or,

(4.15) x = Ф -(pc 
2-cp

The second order optimality conditions set limits for the found solutions. As we 

are concerned with strategic two-stage game, the second order conditions for the 

welfare maximising pair (p,x) needs to fulfil d2W/dp2 <0,andd2W/dx2 <0. 

These are straightforward to compute.

d2W
——r- = -(p< 0, and 
dp

d2W 
dx2

= —2 + (p<0.

Combining these two, limits for (p are obtained. The feasible range is 0<tp <2.

Appendix C.2. Private Monopoly

The private monopolist only regards profits in its objective function, which is 
given by

(4.16) max П = q{pjp -(c-x)]-cF - *f (x),
p.x

which can be expressed in extended form

(4.16’) max П = (ф - (pp\p -c + x)-cF - x2.
p.x

Second stage f.o.c. is obtained from

= ~(p{p - с + x)+ Ф-фр = 0.
dp

Optimal price is then given by
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(4.17) „ Ф +(р{с-х)
р=--------—-------.

2 <р

The f.o.c. of second stage can be substituted now back into (4.16), so that the f.o.c. 

can be calculated for the first stage. The f.o.c. for the first stage is given by 

equation

~~ = -фЩ-(р - С + х)+^-(Ф - ф)+ Ф - (pp - 2x = 0 
ox ox dx

► (pip - c + x)-(ф - (рр)+ Ф - ф - 2x = 0.

Optimal R&D investment level is thus

(4.18)
i(<P-g»c)

2-\cp

As in the public monopoly case, the second order conditions for maximum profit 

set boundaries for the found pair {p, x). The conditions are obtained as usual from

д2Й/др2 <0,andd2/z/dx2 <0. The second order conditions give the following 

constraints

Ь2П
Эр2

= -2 (p < 0,

and

Э277
Эх2

= —c? - 2 < 0. 
2

Combination of these two yield a range 0 < <p < 4, which is less strict than the one 

obtained with the public monopoly case.

Appendix C.3. Fully Competitive Duopoly

The maximisation problem for the duopolists is given by
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(4.19’)

ПА = a$pA - (c - (xA + yxB))MpA)-cF}+
+ «(l -ajt - (cE ~ {xA + №Æq(j>B )-<?(pa )]- )

nB = (l - «Жрд - (c - (xB + JXA ))Jq(pB )-cF}+
+ ûf(l - - (cE - (хв + усА ))lq(pA )- q(pB )]- ^(xs )

The second stage f.o.c. for operator A is obtained solving the equation

дПА/дрА =0.

ЭЛ a _da(pA,pB) 
ЪрА ЭрА

- c +

+ dg(pA)
ЭРа

<x(pa,PbXpA

*aMPa )-<>]+

-c + XA)+Oi(pA,pflMpA)-

^(Pa )
dpA

(' - + Xa Mpa , PB Xl - oc{pa , pJJ

With substitution of proper derivatives and functions equation дП A/dpA =0 

reduces to

-Лр'а-с + Ха1Ф-<РР*а)-се]-^<р(р\-с + Ха)+^{Ф-<РР*а)+

+ — <p(t~cE + Xa)=0,
4

which can be further reduced to

Resorting to symmetry and Bertrand conjectures for firms, this can be expressed 

also in a pricing formula

(4.22) Pa=-
<лр[с-Ь + г)хА\+оФ + <р±ДГ

2g<p

where
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SA = [- <У(р(с - (1 + y>A )- <УФ - ç>P -

-4<7Ç?
^ + ^jc-|<T<Z> + lç)j(l + y>A+l<Z> + ^(i-c£)+<Jc,

Applying the obtained second stage f.o.c., the first stage f.o.c. is given by the 

derivative дП* а/дхА = 0. This can be computed to be

“T—Лр'а - c + (l + zM MpÂ)-cF]-~^(р\р'А -c + (l + y>;]+
dx 2 Эх,

+^^-9(pâ)+^(1+/)?(pâ)+t^4-^-<?£ + (i + zK]-2*Á =°
2 Эх 4 Эх,

The obtained R&D investment rule refuses to reduce into any simple form, but can 

be expressed as

(4.23)

1V(PP\2 + [~ <r<p{c - (l + гУл )- °Ф - 

аФ + + +^(í-c£)+o-cf +^ф| +

д + ( сгф + -^ Ç7 ]с -

+ 1(1 + уХф-^;)-2х>0,

where the partial derivative др\ /Эхд is given by

Фа _ 1
ЭхА 2=-(i+z) 1± - cr¡p(c - (1 + y>,)+ стФ - <P

Second order condition for optimal price in the duopoly case can be computed to 

be

Э 2П' 

ЭРГ
= 2o(pp\ -cjç)[c-(l + y)xA]-<Td>-ç)<0.

This condition for maximum profits can be expressed equally, as

Рл<-
/, ч Ф 1 c - (1 + y)xA + —+ — 

(p <7
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Second order condition for the first stage R&D investments can be similarly 

computed. Skipping over some tedious calculations, the following conditions can 

be obtained

(7<р(\ + у)2 Mf - (1 + уУа )- оф + \ <pf

2а/5Г -s:
>x

x 10(рр\г + [- cT<p{c - (1 + y)x\ )- стФ-(р\р'А+[аФ + ^(р^-

оФ+\(р^+уУа+\(р^-се)+^сг +^ф|+

дРл ' дРл Ь°<РР\ - <г<р[с - (1 + гУа ]- сФ-(р\+ о^(1 + у)р\ -

Эх. Эх,

ö-Ф + ^ j(! + Г)| -+ Г)" 2 < °-
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Appendix O. Simulation Reports

The following tables present the optimal values behind figures in chapter 5.

Table D.l Duopolist R&D Investments under Different Appropriability 
Conditions (Figures 5.1,5.2 and 5.3).

SPILLOVERS 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.00
DUOPOLIST A

R&D investment 0.05717 0.04547 0.03770 0.03202 0.02759 0.02401 0.02102 0.01847 0.01625 0.01429 0.01252
Effective R&D 0.11433 0.08639 0.06787 0.05443 0.04415 0.03602 0.02943 0.02401 0.01950 0.01571 0.01252
Price 7.89606 7.91298 7.92383 7.93152 7.93729 7.94179 7.94539 7.94833 7.95075 7.95278 7.95447
Profits -0.09795 -0.10221 -0.10498 -0.10697 -0.10847 -0.10964 -0.11058 -0.11135 -0.11199 -0.11252 -0.112%
R&D as % of me 0.76% 0.61% 0.50% 0.43% 0.37% 0.32% 0.28% 0.25% 0.22% 0.19% 0.17%
Effective R&D as % of me 1.53% 1.15% 0.91 % 0.73% 0.59% 0.48% 0.39% 0.32% 0.26% 0.21 % 0.17%
R&D as % of price 0.72% 0.57% 0.48% 0.40% 0.35% 0.30% 0.26% 0.23% 0.20% 0.18% 0.16%
Price-cost-R&D mark-up 5.99% 6.05% 6.08% 6.10% 6.11 % 6.12% 6.12% 6.12% 6.13% 6.12% 6.12%
Interconnection mark-up 5.36% 5.41 % 5.45% 5.47% 5.48% 5.49% 5.49% 5.50% 5.50% 5.50% 5.49%

cT cT & c t Ф <P 0
254 240 0.25 7.48 2.59 8.80 1.10 1.00

Table D.2 Duopolist R&D Investments under Different Appropriability 
Conditions (Figures 5.5,5.6 and 5.7).

SPILLOVERS 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 a io 0.00
DUOPOLIST A

R&D investment 0.26564 0.18964 0.15282 0.12839 0.11021 0.09582 0.08394 0.07385 0.06507 0.05730 0.05031
Effective R&D 0.53127 0.36031 0.27508 0.21825 0.17634 0.14372 0.11752 0.09600 0.07808 0.06303 0.05031
Price 7.54295 7.62548 7.66275 7.68620 7.70280 7.71531 7.72511 7.73299 7.73944 7.74478 7.74924
Profits 0.00541 -0.00895 -0.01599 -0.02050 -0.02369 -0.02609 -0.02795 -0.02944 -0.03064 -0.03163 -0.03245
R&D as % of me 3.50% 150% 101 % 1.69% 1.45% 1.26% 1.10% 0.97 % 0.86% 0.75% 0.66%
Effective R&D as % of me 6.99% 4.74% 3.62% 187% 132% 1.89% 1.55% 1.26% 1.03% 0.83% 0.66%
R&D as % of price 3.52% 149% 1.99% 1.67% 1.43% 1.24% 1.09% 0.95% 0.84% 0.74% 0.65%
Price-cost-R&D mark-up 177% 182% 181 % 179% 177% 174% 171 % 167% 164% 161 % 157%
Interconnection mark-up 177% 182% 181 % 179% 177% 174% 171 % 167% 164% 161 % 2.57%

сЪ cT c7 c t Ф <P 0
180 100 a io 7.60 180 1160 1.60 0.65

Table D.3 Duopolist R&D Investments under Different Appropriability 
Conditions (Figure 5.9).

SPILLOVERS 1.00 0.95 0.90 0.85 0.80 <S <P
duopolist a 12.05 1.49

R&D investment 0.41983 0.502162 0.61555 0.781813 1.04979 cl C2
Effective R&D 0.83966 0.979215 1.16955 1.446354 1.88962 2.85 2.00
Price 7.52372 7.395923 7.21752 6.952747 6.52157 cj C
Profits -0.04775 -0.054445 -0.08372 -0.170349 -0.42251 0.30 7.70
R&D as % of me 5.45% 0.065216 7.99% 0.101534 13.63 % t 0
Effective R&D as % of me 10.90% 0.127171 15.19% 0.187838 24.54% 2.90 1.00
R&D as % of price 5.58% 0.067897 8.53% 0.112447 16.10%
Price-cost-R&D mark-up 3.24% 0.026783 1.84% 0.004971 -1.97%
Interconnection mark-up 2.57% 0.020022 1.15% -0.002221 -2.74 %
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Table D.4 Duopolist R&D Investments under Different Network 
Substitutability Levels with Constant Spillovers (71=0.15) (Figure 
5.10, 5.11 AND 5.12).

SUBSTITUT ABILITY 8.00 7.00 6.00 5.00 400 100 100 1.50 LOO 0.75 0.50 0.25 0.00001
DUOPOLIST A

R&D investment <141776 0.41261 0.40587 0.39668 0.38345 0.36299 Œ32834 0.30181 0.26781 ff24914 0.23094 0.21448 0.20050
Effective R&D Œ48042 0.47450 0.46675 0.45618 0.44097 0.41744 (137759 0.34708 0.30798 0.28651 0.26558 0.24665 0.23058
Price 7.25423 7.27128 7.29361 7.32406 7.36787 7.43563 7.55044 7.63831 7.75094 7.81278 7.87309 7.92760 7.97390
Profits -Oi 13139 -0.12212 4X11037 41.09504 -0.07440 -0.04574 4100629 0.01617 0.03517 0.04093 a 04334 0.04280 0.04032
R&D as % of me 5.65% 5.58% 5.48% 5.36% 5.18% 4.91 % 4.44% 4.08% 162% 3.37% 3.12% 190% 171 %
Effective R&D as % of me 6.49 % 6.41 % 6.31 % 6l16 % 5.96% 5.64% 5.10% 4.69% 4.16% 3.87% 3.59% 3.33% 3.12%
R&D as % of price 5.76% 5.67% 5.56% 5.42% 5.20% 4.88% 4.35% 3.95% 3.46% 3.19% 193% 171 % 151 %
Price-cost-R&D mark-up 3.75% 3.90% 4.11 % 4.38% 4.77 % 5.36% 634% 7.07% 7.98% 8.47% 8.94% 9.36% 9.71 %
Interconnection mark-up 3.06% 3.22% 3.42% 170% 4.09% 4.69% 5.68% 642% 7.34% 7.83% 8.31 % 8.73% 9.08%

cl Cl c9 c i Ф 9 >
2.50 2.40 0.40 7.40 155 9.07 1.05 0.15

Table D.5 Duopolist R&D Investments under Simulated Finnish Telecoms 
Environment with Different Network Substitutability Levels 
(Figure 5.14).

SUBSTITUTABILITY 150 125 2.00 1.75 1.50 1.25 1.00 0.75 0.50 0.25 0.00001
DUOPOLIST A

R&D investment 1.18454 1.10210 1.00416 0.88803 0.75335 0.60726 0.46969 0.36247 0.28949 0.24142 0.20893
Effective R&D 107294 1.92868 1.75728 1.55406 1.31835 1.06271 0.82195 0.63433 0.50660 0.42249 0.36562
Price 6.08408 6.25537 6.45889 6.70019 6.98006 7.28361 7.56949 7.79226 7.94392 8.04379 8.11132
Profits -1.05104 -0.85647 -Œ 64960 -0.43848 -0.24007 -0.08125 0.01466 0.05333 0.06157 0.05900 0.05366
R&D as % of me 15.07% 14.02% 1178% 11.30% 9.58% 7.73 % 5.98% 4.61 % 3.68% 3.07% 166 %
Effective R&D as % of me 26.37% 24.54% 2136% 19.77% 16. 77% 13.52% 10.46% 8.07% 6.45% 5.38% 4.65 %
R&D as % of price 19.47 % 17.62 % 15.55 % 13.25% 10.79% 8.34% 6.20% 4.65 % 3.64% 3.00% 158 %
Price-cost-R&D mark-up -9.72% -8.03% -6.15% -4.06% -1.81 % 0.42% 2.37% 3.78% 4.70% 5.29% 5.67 %
Interconnection mark-up -9.72 % -8.03% -6.15% -4.06% -1.81 % 0.42% 137% 3.78% 4.70% 0.052863 0.05674122

cb cT t-j c t Ф 9 }
163 160 0.10 7.86 163 9.40 1.10 0.75

SUBSTITUTABILITY 150 125 100 1.75 1.50 1.25 1.00 0.75 0.50 0.25 0.00001
DUOPOLIST A

R&D investment 1.16043 1.07388 0.97044 0.84694 0.702% 0.54802 0.40829 0.30781 0.24445 0.20467 0.17845
Effective R&D 2.03076 1.87929 1.69827 1.48214 1.23019 0.95904 0.71450 0.53867 0.42779 0.35817 0.31228
Price 6.13417 6.31401 6.52896 6.78558 7.08475 7.40671 7.69707 7.90584 8.03751 8.12017 8.17466
Profits -0.99221 -0.79416 -0.58447 -0.37266 -0.17867 -0.03357 0.04067 0.06088 0.05935 0.05274 0.04601
R&D as % of me 14.76 % 13.66% 1135% 10.78 % 8.94% 6.97% 5.19% 3.92% 3.11 % 2.60% 127%
Effective R&D as % of me 25.84% 23.91 % 21.61 % 18.86% 15.65% 1120% 9.09% 6.85% 5.44% 4.56% 3.97 %
R&D as % of price 18.92% 17.01 % 14.86% 1148% 9.92% 7.40% 5.30% 3.89% 3.04% 2.52% 2.18%
Price-cost-R&D mark-up -9.22% -7.48% -5.52 % .3.35% -1.02% 1.28% 3.19% 4.47% 5.25% 5.72% 6.03%
Interconnection mark-up -1148 % -10.64 % -8.59 % -6.30% -3.84% -1.42% 0.59% 1.94% 2.76% 3.26% 3.59%

cl Cl <.) c t Ф 9 7
2.63 2.60 0.10 7.86 2.83 9.40 1.10 0.75

SUBSTITUTABILITY 150 125 100 1.75 1.50 1.25 1.00 0.75 0.50 0.25 0.00001
DUOPOLIST A

R&D investment 1.14801 1.05923 0.95274 0.82504 0.67558 0.51537 0.37494 0.27915 0.22145 0.18616 0.16321
Effective R&D 2.00901 L85365 1.66729 1.44382 1.18226 0.90190 0.65615 0.48851 0.38754 0.32578 0.28561
Price 6.15999 6.34446 6.56574 6.83109 7.14165 7.47455 7.76635 7.96541 8.08530 8.15862 8.20632
Profits -0.96251 -0.76267 -0.55154 -0.33947 -0.14822 -0.01142 0.05045 0.06155 0.05606 0.04819 0.04123
R&D as % of me 14.61 % 13.48 % 1112% 10.50% 8.60% 6.56% 4.77% 3.55% 2.82% 2.37% 2.08 %
Effective R&D as % of me 25.56% 23.58% 21.21 % 18.37 % 15.04% 11.47% 8.35% 6.22% 4.93% 4.14% 3.63%
R&D as % of price 18.64% 16.70 % 14.51 % 1108% 9.46% 6.90% 4.83% 3.50% 2.74% 2.28% 1.99%
Price-cost-R&D mark-up -8.96% -7.19% -5.20% -198% -0.60% 1.74% 3.62% 4.83% 5.53% 5.94% 6.21 %
Interconnection mark-up -13.83 % -11.92% -9.77 % -7.38 % -4.80% -2.28% -0.24% 1.06% 1.82% 0.022649 0.02553283

cl dl c) C t Ф 9 >
2.63 2.60 0.10 7.86 193 9.40 1.10 0.75
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