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PREFACE

In recent years there has been an increasing recognition of the vital role played by research in the modern economy. Citizens are
becoming more and more aware of the impact of science and technology on their daily lives. Enterprises appreciate the growing
importance of research and new technologiesfor their competitiveness. Expert analysts recognizethat knowledgeisakey driver
of growth, employment and improvements in the quality of life. Policy makers are now accepting that measures to stimulate
research and the exploitation of knowledge must play a more central role in government policies.

This heightened emphasis was particularly visible at the recent summits at Lisbon and Barcelona where EU governments
affirmed the status of research policy as a central pillar of Europe’s strategy towards the knowledge-based economy. Research
policy will therefore be crucial for Europein the coming years, and thisisthe reason why, in the preparatory debate on the future
of Europe, it has been cited among the core missions of the Union.

Meeting these challenges requires nothing less than a restructuring of the research landscape in Europe. This was the reason |
launched the initiative on the European Research Area, which had as its core message the need to overcome the traditional
fragmentation and compartmentalisation of research effortsin the EU through better coordination and cooperation.

On the one hand, a greater coordination of national research policies and European policy is needed so that they complement
each other better and form a more coherent whole — a matter which has become all the more pressing with the imminent
enlargement of the Union.

On the other hand, there must be a strengthening of cooperation between different research actors across Europe. In thisregard,
the recently launched 6" Framework Programme for Research and Technological Development will make an important
contribution —with its innovative structure and new instruments such as networks of excellence and integrated projects. It will
provide a powerful new tool to stimulate cooperation, promote scientific excellence, and integrate and strengthen the European
Research Area.

In order to improve the coordination and effectiveness of research policiesin Europe, it is essential that policy makers have at
their disposal a common information base about European research trends and performances. The European Report on Science
and Technology plays a valuable role in this respect, providing a shared information resource which presents policy-relevant
S&T indicators and analyses. The in-depth analyses in this report are intended to complement the more compact Key Figures
publication which DG Research also produces every year.

This 3“ edition of the European Report has changed in content and layout compared with its predecessor. The new structure
focuses on Europe's investment and performance in the knowledge based economy, and pivots around the policy challenges
emerging from the Lisbon and Barcelona summits. The analyses are generally based on the latest internationally comparable
data, but there is a permanent need to develop new and better indicators, and with thisin mind we have tried to introduce some
innovative measures (for example the new composite indicators for the knowledge-based economy).

The messages arising from the report are of critical importance for the future of Europe:

* Itisnow widely understood that Europe needsto invest morein research, particularly if itisto attain its objective of becoming
the most competitive and dynamic knowledge-based economy in theworld by 2010. Resultsin thisreport indicate awidening
gap in R&D spending between the EU and the US, and confirm the importance of the Barcelona European Council’s call to
raise EU research expenditure to 3% of GDP by the end of the decade. Forecasts presented in the first part of this Report
indicate that, if no major changes are made in national and regional R&D and innovation policies, and the 3% target is not
reached, then the gap in 2010 will be much more significant. Thisiswhy we need area and coordinated commitment to this
objective from all policy makersin the EU Member States.
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» However, itisnot just about spending more. Where and how we invest in research are also important factors. We need to target
financing on those key areas and technologies that will be vital for our future, such as nanotechnology and biotechnology,
while at the same time devel oping new and efficient instruments for supporting research. Industry is particularly well-placed
for channelling more investment into commercially promising research and innovation activities. Thisis why the European
Council hascaled for raising private R& D to 2/3 of total R& D spending by 2010. The European Commissionwill try toinject
further momentum into this process in the form of an Action Plan to boost R&D investment and innovation, based on the
lessons learned and best practices from on-going national efforts. It will be presented to the Council and the European
Parliament |ater this year.

* Investing in people will also be crucial for Europe's future. People both produce and convey knowledge. Researchers in
particular form akey element of the modern knowledge-based economy. While the EU education system currently produces
more S& T graduates than the US and Japan, it still has fewer researchers per capita. Further efforts must be made to attract
young people to scientific careers, to create more opportunities for highly quaified scientists — especialy in the business
sector —, to better exploit the enormous potential of women to provide resources for S& T, and to encourage mobility of
researchers between countries as well as between university and industry.

+ Europe remains aworld class scientific power. The EU is now the largest producer of scientific papers, outstripping even the
US. However, itsmost important challenge remai nsthe expl oitation and commercialisation of sciencein order to boost growth
and employment and improve social conditions. This cannot be done simply through greater levels of investment, or the
strengthening of research policy. It also requires the effective coordination of arange of complementary public policies that
can dl contribute to this goal — including taxation, employment, enterprise, competition and education policies, as well as
research and innovation policies. It is only by the modernisation and integration of its structura policies that the EU can be
the most competitive and dynamic knowledge-based economy in the world.

Itisstill too early to say whether Europe will meet its ambitious goalsin 2010. However, | am convinced that if it continues on
this new dynamic, then, just asit was at the forefront of the industrial revolution at the turn of the 19" century, so it will be well-
placed to lead the knowledge revolution in the 21 century.

All policies need to be based upon a vision of the future. My vision is of a Europe that has made the successful transition to
become the most competitive knowledge-based economy in the world, with better jobs and improved socia conditions: a
Europe where most employment isin skilled well-paid jobsin knowledge-based sectors; where the mgjority of productionisin
high tech, knowledge-intensive goods and services, where growth is sustainable and based on clean technologies; where
protecting inventionsis cheaper and easier than anywhere else in the world; where women play an equal part in research at all
levels;, where science is the most popular career choice for young people; and where the best researchers and the most
competitive firms from across the world want to come and work.

| hope that this Report, by setting out where Europeisin relation to S& T at the start of the 21% century, will provide asolid basis
of quantitative and qualitative information on which we can build and strengthen our policies so as to reach thisgod.

I\~

Philippe Busquin



AUTHORS AND ACKNOWLEDGEMENTS

The Third edition of the European Report on Science and Technology Indicators has been published, at the request of Philippe
Busquin, member of the European Commission in charge of Research and the Joint Research Centre (JRC), by the Directorate
General for Research, Director Generd Achilleas Mitsos.

Directorate K Knowledge-Based Society and Economy, under the direction of Jean-Frangois Marchipont, was responsible for
producing the report. It was prepared, under the leadership of Ugur Muldur, by members of Unit K3 Competitiveness, Economic
Analysis and Indicators between 2000 and 2003: Jean Bourlés, Fabienne Corvers, Henri Delanghe, Vincent Duchéne, Angela
Hullmann, Kai Husso, Marianne Paasi, lan Perry, Viola Peter, Brian Sloan and Richard Torbett. Technical assistance was
provided by Fotini Chiou, Dermot Lally, Timo Hirvonen and Anastassia Vakalopoulou. Bénédicte de Smet, Marie Jonkers,
Gaétane Lecocq and Lise Vanneck were in charge of its layout and provided secretarial support.

Through work under study contracts mainly placed as part of the Common Basis of Science, Technology and Innovation
Indicators (CBSTII) section of the Improving Human Research Potential specific programme of the 5" Framework Programme
for Research and Technological Development a number of European institutes and experts contributed significantly to the
report: Luke Georghiou (PREST), Chapter 2, part of Section 111 on European Research Centres, Geert Steurs (Idea Consult),
Massimo Colombo and Paola Garrone (Politecnico di Milano), Chapter 3, section on mergers and acquisitions; Philip Marey,
Andriesde Grip and Frank Cérvers (ROA), Chapter 4 part on Employment scenarios, Wendy Hansen (MERIT), Chapter 4, part
on mobility of S&T personnel; Bart Clarysse, section on SMES and Dossier |1 on spin-offs; Rosella Palomba, Dossier |11,
Women in Science; Robert Tijssen (CWTS), the bibliometric indicators used in Chapter 5; Fulvio Nadi and llaria Vannini
Parenti (Biosoft), Chapter 5, part on patent and publication indicators by gender; Svante Lindquist (The Nobel Museum),
Dossier IV on the Importance of Nobel Prizes as S& T Indicators, Rémi Barré, Francoise Laville (OST) and Ulrich Schmoch
(Fraunhofer-1Sl), the patent indicators used in Chapter 6; Knut Blind, Jakob Edler and Ulrich Schmoch (Fraunhofer—Sl),
Dossier V on Patents in Services; Arnold Verbeek and Koen Debackere (INCENTIM-KUL), Dossier VI on S&T linkages.
Copies of the full reports prepared by these ingtitutes are available on request.

The authors of this report gratefully acknowledge the guidance given by other staff of DG Research and in particular: Michel
André, Paraskevas Caracostas, Nicole Dewandre, Fabio Fabbi, Elie Faroult, Marge Fauvelle, Marshall Hsia, Bianca Nativel,
Jacques Removille, Christine Tricot and Pierre Va ette, and from Eurostat: August Gétzfried, Ibrahim Laafia, Jean-LouisMercy,
Richard Ragnarson and Harald Sonnberger.

Also the authorswould like to thank the following external expertswho played akey rolein the reviewing thetext of the Report:
Luke Georghiou, Wolfgang Glanzel, Dominique Guellec, Wendy Hansen, Sybille Hinze, Martin Meyer, Mario Pianta, Brigitte
Preifdl, Ulrich Schmoch and Robert Tijssen. They would also like to acknowledge the assistance with preparing the final text
given by Alister Scott and colleagues from The Knowledge Bridge.

The opinions expressed in this publication are those of the authors alone and do not necessarily represent the official position
of the European Commission.

IX



EDITOR’S NOTE

Much has happened in science and technology since the very first European Report on Science and Technology Indicators saw
the light of day in 1994. Research and innovation policies have evolved considerably, and so too has our understanding of
innovation and our capacity to measureit.

Thisthird edition of the Report reflects many of these changes, initsform aswell asin its content. Yet its core mission remains
the same as it was nearly a decade ago: to provide those involved in S&T policy with reliable indicators and comparative
analyses of S&T trends in Europe. Over the years, feedback from the research community has confirmed that the Report
responds to a clear need for information, and occupies a specia niche. First and foremogt, it is of course a European report,
centred around S& T trends in the European Union and their relationship to current policy developments at the EU level and in
the Member States. Few other reports of this kind provide this intensity of focus on European issues. Secondly, it is fashioned
as apolicy-oriented report, rather than a classical compendium of statistics. The Report’s value added derives from exploiting
the work of statisticians and economists and transforming it into a product that can be readily understood by policy users and
that responds to what they want to know about S& T in Europe.

Whileitsaimsremain the same, the structure of the Report continuesto evolve. The revised structure of thethird edition reflects
recent policy developments in the EU, in particular the heightened emphasis on Europe’s transition to the knowledge-based
economy —called for by the Lisbon European Council —and the objective agreed by EU governments at Barcel onaof increasing
R&D spending to 3% of GDP by 2010. Strongly linked to this is the initiative to create a true “European Research Area’
launched by Commissioner Philippe Busquin which aims at a coherent restructuring of the European research system through
greater coordination and cooperation. Finally, one should mention the emergence of “benchmarking” of research policies — of
which indicators are an important component — as one of the tools for implementing the new “open method of coordination” of
policies which was established at the Lisbon summit. These developments run like a thread throughout the Report linking
together the different sections, acting as a unifying backdrop to the discussion and providing a recurrent focal point for the
analyses.

It had been hoped to publish this third edition sooner than now, but its appearance has been delayed owing to need to devote
resources to a number of new policy activities — including the preparation of the initiative on the European Research Area and
the launching of the 6" EU Framework Programme for RTD, as well as the new exercises in benchmarking and mapping of
excellencein research. Nevertheless, we have tried in the meantime to provide summary updates of S& T indicatorsin our Key
Figures publication which now comes out annually, and which we will continue to publish each year. We also plan in the near
future to produce some more targeted work on certain themes which we were not able to include in this edition of the Report.

The abiding principles of the Report have not changed. It tries wherever possible to compare the EU with its main global
partners using official statistics from harmonized international sources. In some cases national sources have been used if no
international data were available. An effort is also made to highlight methodological issues and disparities where important.
Such areport could not have been made without the ongoing efforts of national and international statistical agenciesto collect
and harmonize data, and in this respect, a special mention should be made of the work of Eurostat, the OECD and the UN (and
their member countries). Moreover, these same agencies are al so responsible for significant improvementsin recent yearsin the
quality and range of statistics available for analysing S& T trends.

In addition to exploiting “classical” data from the official statistical system, the Report incorporates some new approachesin
the analysis and measurement of S& T, especially in certain key areas where established indicators are lacking. Some of these
innovative approaches derive from projects funded from the 5" EU Framework Programme for Research and Technological
Development (FP5), under the activity “Common Basis of Science Technology and Innovation Indicators’, which has been
active in stimulating the development of new S&T indicators.
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Part | of the Report examines Europe’s investment in knowledge, and makes extensive use of classical statistics of R&D
expenditure, government research budgets, education and human resources in S& T, which respect harmonized definitions
agreed at international level (e.g. thosein the Frascati and CanberraManuals). Part | also includes some complementary material
based on innovative approaches or new sources of data, including:

* in chapter 2, a section describing the characteristics and recent trends of research centresin Europe;

* in chapter 3, an analysis of the effects of mergers and acquisitions on R&D, in addition to materia on international research
joint ventures, information on the top EU and international companiesin terms of R& D spending, and an analysis of venture
capital investment in high tech start-ups;

* in chapter 4, results of a Eurobarometer survey on public knowledge and perceptions of S& T, a section on the migration of
skilled human resources, and an analysis of data relating to women'’s participation in research — a theme which is devel oped
in more detail in a dedicated dossier on “women in science” (dossier 111).

Part 11 of the Report goes on to look at the EU’s performance in producing and exploiting knowledge. Indicators of scientific
publications, patents and high-tech trade are analysed in detail. Unlike trade statistics, bibliometric and patent data are not
produced by the official statistical system, but over the last decade they have more or |ess established themselves as “classical”
S&T indicators. Part 11 also integrates the following new material:

* the results of a pioneering approach for measuring S& T outputs by gender (scientific publications and patents) (chapter 5);
* adossier on European performance in terms of Nobel Prizes (dossier IV);

» an analysis of input and output indicators relating to two key technology fields, biotechnology and nanotechnol ogy
(chapter 6), which responds to the increasing demand of policy makers to evaluate performance in specific domains or
disciplines of critical importance for the future;

* adossier on patenting in the service industries (dossier V);

 adossier tracing the linkages between science and technology using indicators of citations to science in patent documents
(dossier V1).

Another innovation in this edition isthe use of two new “composite” indicatorsin order to assess the progress of the EU towards
the knowledge-based economy: one which measures investment in the knowledge-based economy, and the other performance
in the knowledge-based economy. The complex, multi-dimensional nature of the knowledge economy means that many
indicators need to be presented in order to cover its different aspects. The aim of these composite indicators is to distil this
information so as to obtain an overview, or a“big picture”, of trends across a number of related indicators. The results of this
innovative measurement approach are presented at the end of chapter 1.

Unlikethe previoustwo editions, the Third European Report on Science and Technology Indicators contains no statistical annex.
This was decided partly in an attempt to limit the physical weight and bulk of the report (a common complaint of users who
wished to carry it around without risking physical injury), but more importantly in recognition of the advances made in access
to data via the internet. The mgjority of the data used in the report can now be found quite easily on the websites of Eurostat
(http://europa.eu.int/comm/eurostat) and the OECD (www.oecd.org), which offer fuller breakdowns and longer time series,
while some of the indicators and detailed studies cited can be accessed on the S& T indicators website of DG Research of the
European Commission (www.cordis.|u/indicators).

Findly, we would be happy to receive feedback from readers of the Report so that we can continue to improve our productsin
the future, and in order to help us in our ongoing aim of strengthening the link between users and producers of science and
technology indicators.

U. Muldur
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Facing the challenges of the 21 * century

EUROPE AT THE CROSSROADS IN A
CHANGING LANDSCAPE

Europeisfacingacrucia periodinitshistory. Itisconfronted
with a number of major, and sometimes very conflicting,
challenges and choices, and the various paths it decides to
follow will crucially affect the future shape of European
society and itsrolein the world:

* Given the increasing competition in a globalised world,
will Europe be able to combine higher competitiveness and
socid cohesion?

* Inthetransitionto a‘knowledge-based society’, will Europe
be able to prevent the emergence of a‘digital divide' ?

* In macro-economic policy, will the emphasis of fine-tuning
beoninflation or unemployment? And isacautious, restric-
tive budgetary policy aiming for macro-economic stability
gtill appropriate?

» At what pace will the enlargement of the Union proceed?
And what kind of governance model arewe going to adopt?
Will enlargement lead to more or |ess convergence between
European regions?

* In theinternational order, will we have a continuing Ame-
rican leadership or will there be a more multipolar struc-
ture? And how important arole will Europe play?

These issues must be addressed against the backdrop of a
completely new environment created by globalisation, tech-
nologica change and an ageing population, which will have
major consequencesfor the fundamental s of the welfare state.
Globalisation means that companies, regions, nations and
continents are competing to attract investment, which
depends increasingly on the general conditions influencing
business competitiveness. Business competitiveness, in turn,
relies more and more on the capacity to answer just intimeto
the specific needs of customers. This means managing a
larger amount of knowledge through the intensive use of
information technologies (Rodrigues, 2002). Of course
knowledge per seisnot anew asset; it has always been abasis
for human activity. However, what isradically new isthe pace
of its creation, accumulation and diffusion resulting in
economies and society following a new knowledge-based
paradigm. Working and living conditions are being redefined;
markets and ingtitutions are being redesigned under new rules

* Council doc. 100/1/00 Rev. 1, paragraph 5.
? Lisbon Conclusions, op cit., paragraph 1.

and enhanced possibilities for the exchange of information.
Moreover, knowledge is not only becoming the main source
of wealth for people, businesses and nations, but also the
main source of inequalities between them. In other words,
while knowledge is the key to increased competitiveness, it
could also lead to a reduction in socia cohesion and increa-
sing economic disparity between regions, countries and con-
tinents. And since knowledge is the key resource, the human
capital in which much of it is embodied takes on an ever-
increasing importance. Thisin turn leads usto acrucial ques-
tion: to what extent can the input of new, highly-skilled
human capital compensate for the ageing of European popu-
lations?

Europe's leaders already acknowledge that the transition
towards aknowledge-based economy involves afundamental
structural change, and that all the challenges facing Europe
need to be reconsidered in the light of this new paradigm. At
the Lisbon European Council of March 2000, they adopted a
new strategic goal to transform the Union by 2010 into “ the
most competitive and dynamic knowledge-based economy in
the world, capable of sustainable economic growth with more
and better jobs and greater social cohesion” . However, in
this transition to a knowledge-based economy, Europe is
already lagging somewhat behind the US, and can learn alot
from the US experience. The aim should not be to imitate the
US, but rather to seek to define the European way to the
knowledge-based economy. Asthe Lisbon Conclusions state:
“ The Union must shape these changesin a manner consistent
with its own values and concepts of society”’.

Scientific and industrial research, asthe main resourcefor the
creation of new knowledge, is at the core of the transitional
process towards the knowl edge-based economy and therefore
represents a crucial input for the strategic goals set at the
Lishon Council. This report gives a detailed and analytical
overview of the main indicators of scientific and technologi-
cal research, by comparing the different European countries
with the US and Japan. The strategy chosen at the Lisbon
European Council will be a key theme recurring throughout
the report, but the Lisbon strategy itself is a product of a
number of broader developments. The aim of thisfirst chap-
ter thereforeisto set the scenefor therest of thereport by pre-
senting the wider perspective of the global economic, socia
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and political context of Europe and the challenges that it
faces.

The remainder of this chapter is structured as follows. The
next section addresses the first -and probably most striking-
issue: the fundamental and unavoidable transition to the
knowledge-based economy. The chapter then goes on to
analyse the main demographic, social, economic and political
challenges that Europe will face in the coming years. A next
section examines Europe’s response to these challenges — the
Lisbon strategy — and its consequences for research policy.
The final section then presents the latest indicators on invest-
ment and performance in the knowledge-based economy. It
shows how Europe and its Member States have progressed in
the last few years.

THE EMERGING KNOWLEDGE-BASED
ECONOMY (KBE)

Knowledge as a strategic asset

Since the beginning of the 1970s, the most advanced
economies in the world have been undergoing structural
change, turning them from industrialised economies based on
Iabour, tangible capital and material resourcesinto economies
based more and more on the creation, diffusion and exploita-
tion of new knowledge. One of the fundamental characteris-
tics of this shift is the structural intensification of research
activities. In the emerging ‘ knowledge-based economy’, also
called ‘learning’ economy, economic growth depends more
directly on investment in knowledge, which increases pro-
ductive capacity, than on traditional factors of production
(Lundvall and Johnson, 1994). In other words, knowledge
raises the returns on and the accumulation of other types of
investment (Nelson and Romer, 1996). In a production func-
tion where knowledge becomes the primary factor, human
capital and professional skills play an even more essentia
role. Human capital isthe key element in the creation of new
knowledge and its dissemination and assimilation in broad
sectors of industrial, commercial and social life.

However, new knowledge elements and their successful
exploitation have aways been the source of great economic
progress in the past. The importance of knowledge for eco-
nomic growth has been recognised in much economic thin-
king and writing in the last two centuries. Economists, just
like historians, have always been aware of the crucial impor-
tance of knowledge accumulation for long-term growth (see
for example the work of classical economists such as Marx
and Schumpeter). According to Abramovitz and David, the
importance of intangible investment even grew substantially
inthelong term. In the second half of the 19" century, growth
of physical capital per hour worked accounted for two-thirds

of labour productivity growth; at the end of the 20" century it
represented only one fifth of it (Abramovitz and David,
1996).

What is new now is the pace of knowledge production and
dissemination. There has been a fundamental change in the
nature of knowledge production, accumulation and diffusion
processes, and this has had much more than just technical or
economic implications. Without pretending to be exhaustive,
one could describe the transition to a knowledge-based eco-
nomy under three headings (Lundvall, 2001; Rodrigues,
2002; Soete, 2002; Viginier, 2002):

* the impact of new key technologies on the process of
knowledge production, accumulation and diffusion, and
consequently also on economic growth;

» the intensification in the production, diffusion and imple-
mentation of technological, organisational and institutional
innovations,

* the widespread impact of the transition on almost all
aspects of society.

Impact of new key technologies

New technologies and their successful dissemination have
always had an important impact on economy and society.
Three new key technologies are nowadays at the core of the
transition to a knowledge-based economy. Firstly, there are
the Information and Communication Technologies (ICT),
which already came to the fore in the 1980s. More recently,
biotechnology has shown a huge potential and widespread
impact on many domains of economic and socia life. A third
key technology for the 21* century is nanotechnology. These
key technologies have revolutionary characteristics. Techni-
cally speaking, a ‘key technology’ is one that gives rise to
new technologies and deeply influences existing ones; in
other words, they may have a ‘horizontal’ effect on many
industry sectors, with consequences for the whole economy.
It can be acatalyst for radical technological progress, leading
not only to substantial changesin firms' innovation processes,
but also having a significant impact on society. ICT, bio- and
nanotechnologies seem to possess al the characterigtics of
key technologies in that they may prove to be strategically
influential in terms of new products, processes, and employ-
ment.

Indeed, ICT aready plays a prominent role as a basic means
for the collection, storage and dissemination of (codified)
knowledge. It makes human communication and knowledge
exchange far less dependent on constraints of time and space.
It increases the efficiency of knowledge production and thus
speeds up its accumulation. Bio- and nanotechnologies too
have a deep ‘horizontal’ impact across practically al indus-
tries. They are generating technologies incorporated into a
broad range of products and processes, like new nanoscale
semi-conductors that will revolutionise the computer indus-
try. Moreover, these key technologies seem increasingly to



EUROPEAN REPORT ON SCIENCE & TECHNOLOGY INDICATORS

interact with each other, forming new fields and new applica-
tions like hioinformatics (e.g. IT providing tools for gene
sequencing) or nanobiotechnology. Their increasingly
common use in many scientific and technological fields has
led to ablurring of technological boundaries, making it more
and more difficult to distinguish between these technologies
and redefining products and innovation processes.

Thus, the upswing in the use of these key technologies has
significantly changed the perception of the innovation
process over the past decade. Generally speaking, many
authors now consider innovation capability less in terms of
the ability to discover new technological principles, than the
ability to exploit systematically the effects produced by new
combinations within the existing stock of knowledge (David
and Foray, 1995). Access to state-of-the-art knowledge
becomes increasingly important, enabling innovatorsto draw
upon the work of other innovators. In the knowledge-based
economy, the science and technology system is evolving
towards a more complex ‘socialy distributed’ structure of
knowledge production. As Soete puit it, theformer systemwas
much more based “on a simple dichotomy between, on the
one hand, deliberate learning and knowledge generation
(R& D labsand universities) and, onthe other hand, activities
of production and consumption where the motivation for
acting was not to acquire new knowledge but rather to pro-
duce or use effective outputs’ (Soete, 2002, p. 38). In the
knowledge-based economy, this dichotomy is (partially) col-
lapsing. In other words, there is now a proliferation and a
much greater diversity of ‘learning organisations’ with the
production and absorption of knowledge as explicit goals
(David and Foray, 1996; Smith, 2002).

Technological, organisational and
institutional innovations

It is clear then that the emergence of a ‘knowledge-based
economy’ is much more than a temporary intensification in
the production of technological innovationsin afew sectors.
A wider changeistaking placein all sectors of activity, from
services to manufacturing, and even agriculture, under the
pervasive effect of new key technologies. Technological
innovations are invading all sectors of the economy and
modifying our lives. Moreover, this change is not only tech-
nological, but also includes fundamental institutional and
organisational innovations since it reshapes the rules that
determine how companies, businesses, institutions and mar-
kets operate, due to the new possibilities of exchanging and
exploiting knowledge. Knowledge management becomes a
key component of corporate strategic management, activating
the relationship between marketing, research and production,

and modifying the way organisations function. Beyond these
organisational innovations, the extension during the 1990s of
intellectual property protection to new actors and new types
of knowledge appears to have been a crucia institutional
innovation, since it made investments in new high-tech pro-
ducts and companies much more attractive’. Inthe US, it sup-
ported -and even stimulated- the devel opment of softwareand
hiotechnology industries, the market in high-tech shares and
the creation of start-ups by university researchers. In thiscon-
text, the development in the US of an effective venture capi-
tal market, which can provide additional or complementary
resources for investment in knowledge creation and accumu-
lation, appears to have been acrucial institutional innovation
in the 1990s, and shows a greater readiness by the private
financial sector to invest in new, knowledge-based activities.

From a knowledge-based economy to a
knowledge-based society

Obvioudly the transition to a knowledge-based economy has
many technological, economic and institutional dimensions.
But thereismore: thetransition is having asignificant impact
on amost all aspectsof society and representsavery complex
process. It requires new competencies, is changing working
and living conditions and having an effect on inequalities
between population groups.

In aknowledge-driven economy, the availability of well-edu-
cated human capital iscrucial. Evenif ICT offers huge poten-
tial for accessing competitive knowledge, there are widelocal
variations in the local capacity or competence to access,
understand and use such knowledge. Thus, new technologies
enable a higher ‘new’ growth path only if they are coupled
with long-term availability of highly skilled manpower -not
only scientists and engineers, but more generally so-called
‘knowledge workers'. Doubtlessly, this is having important
effects on how labour markets function, and on education and
training policies. Too little investment in human resources
often becomes a limiting factor in relation to innovation and
economic success (OECD, 1998).

However, speaking about more investment in human
resources definitely goes beyond the general trend towards
higher qualifications or re-skilling. Education and training
policies need to emphasise particular forms of (new) knowl-
edge and new combinations of intangible assets, new skills
and new competencies. Digital knowledge, polyvalence,
social and management competencies, quality consciousness
and creativity are some of the characteristics that are becom-
ing crucialy important. A fundamental change in the way
work is organised is taking place and workers are facing an
increasingly unstable environment. As Schienstocks puit it,

° During the 1990s, the European and American patent offices have been progressively enlarging the concept of ‘invention’ that may be protected by a patent,
including new fields like life sciences. Snce 1995, the USPatents and Trademarks Office (USPTO) allows applicationsfor patents on gene sequencing. During
the 1990s, there has been a progressive recognition, in the USand to some extent in Europe, of the right to patent software (computer programme without any
‘physical embedding’). In the last few years, the intellectual protection has also been extended to * business methods' (Miginier, 2002, p. 148-152).
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“the average worker is confronted with new tasks and prob-
lems and has to develop new skills and competencies more
frequently than ever before” (Schienstocks, 2001, p. 165).
Therefore, to be ableto cope with new problems and different
situations, they need to learn how to learn.

Increasing pressure for more adaptability has— at least — two
important consequences. Firstly, it leads to a greater indivi-
dualisation of work inthe labour process, and consequently to
more generalised flexibility and multifaceted working condi-
tions (Castells, 1996). This requires new working arrange-
ments that may improve workers' quality of live, but, at the
same time, may lead to increased job insecurity. This new
trade-off between job flexibility and insecurity will be an
important challenge for employment policies. Secondly, there
is the emerging danger of growing socia exclusion. Since
education and knowledge are key resources giving people
access to flexibility and wealth, they also constitute the main
source of inequalities between them. Slow learners, among
them the unskilled, handicapped and elderly, will have more
difficulties keeping up with the new, rapid pace of change. It
is a huge — but unavoidable — task for education and training
policies to build a ‘learning society’ as a pre-condition to
having a knowledge-based society (Lundvall, 2001).

In other words, whilethereisreason to be optimistic about the
huge potential benefits from developing human resources in
combination with new technologies and new forms of organi-

sations, one should, however, be aware that the knowledge-
based society may not be sustainableif left to itself. Its effects
on multiple fields must be dealt with through a multi-dimen-
sional and combined effort at the European, national and
regional level. Moreover, in different areas Europe is facing
great challenges and also seems to be ill-prepared to adapt
successfully to the rapidly changing landscape. Demo-
graphic, social and economic challenges need to be reconsi-
dered in the light of this fundamental transition. Let us move
on to the demographic challenges.

EUROPEANS: A WORLD MINORITY WITH
AN AGEING POPULATION

Against the background of this fundamental transition
towards a knowledge-based economy, the demography of the
European continent, and particularly its future population
trends, are likely to have a very significant impact on the
future of Europe. Europe's policy-makers must take account
of two important developments: the unprecedented low share
of Europeans in the total world population on the one hand,
and the ageing of the European population on the other hand.

In demographic terms, Europe has always represented a sub-
stantial part of humanity. From the dawn of Christianity to the
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end of the 18" century, Europeans accounted for between
15% and 20% of the world population (between 9% and 13%
in the case of the 15 EU Member States). By way of excep-
tion, the share increased in the 19" century to 28% on the eve
of the First World War. Only in the second half of the 20" cen-
tury did a structural and, according to certain experts, irre-
versible decline take place. Whereas in 1950 Europeans till
represented almost aquarter of humankind, they now account
for only 13% of the global population, a unique phenomenon
given long-term trends. With regard to future trends, the fore-
casts of international institutions in this respect are pointing
in the same direction: whatever the scenario, in the first half
of the 21% century the relative decline of Europe’s population
will continue, and it will even fall to below 10%. In 2050,
Europewill account for lessthan 8% of the world population,
with the present 15 Member States of the European Union
representing barely 4% of the world population.

The population trend in other regions of the world is quite dif-
ferent. North America, whose share of the world population
was practicaly insignificant until the beginning of the 19"
century, hasincreased from slightly more than 3% in 1820 to
13.8% in 2000. The general opinion isthat it will stabilise at
around 13.5% by 2050. By contrast, Asians have always con-
gtituted the vast mgjority of the inhabitants of the earth. Two
thousand years ago, around 75% of the world's population
lived in Asia. This percentage declined dlightly over subse-
quent centuries, reaching 65% in 1700 and 55% in 1950.

Figure 1.2 Proportion of the elderly
(65 and over) in the total population by
continent, (2000-2050) (%)

2000 2010 2020 2030 2040 2050
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Source: DG Research

Data: United Nations

Note: for legend, see glossary of country grouping in Annex.
Third European Report on S&T Indicators, 2003

From this date, the proportion of Asians of the total popula
tion began to increase. Today Asians are estimated to account
for around 59% of the world's population. Thisis expected to
be more or less unchanged by 2050.

This quantitative change could have significant repercussions
in qualitative terms. Will the economic and politica weight of
Europe suffer as a consequence of its demographic weight
loss? Whatever the answer, it is not possible to consider the
future of Europe without taking account of this variable.

In addition to the overal decline, there is amarked ageing of
Europe's population. The forecasts are unequivoca and in
complete agreement (figure 1.2). Europe is not only the con-
tinent with the highest proportion of over 65s in the popula-
tion, it will also have the fastest rate of ageing over the next
few decades. This phenomenon may also be present in other
regions of the world, but nowhere is it as marked as in
Europe. The proportion of the elderly (65 and over) in the
total population in Europe will have doubled to reach some
28% in 2050 (29% for the EU-15). By 2010, for thefirst time
in its history, the European Union will have more elderly (65
and over) than young (0-15) people.

This chapter is not aimed at discussing the underlying demo-
graphic and socio-economic factors that explain the ageing
phenomenon. It is important, nonetheless, to highlight the
long-term consequences of ageing for the European Union.
They are discussed under four headings.

New, bipolar demand patterns

The ageing of the population changes the very nature of the
demand for consumer goods. In the second half of the 20"
century, the development of domestic markets and mass con-
sumption were mainly stimulated by an increase in the
number of families and their combined incomes. Therefore,
the mass market which was developed in the West was until
recently geared mainly to demand from the young. Asaresult
of ageing, the rate at which families are established will con-
tinue to slow down, although this trend would be offset by
mass immigration of young people. The mode of consump-
tion over the next decade will probably be defined increas-
ingly by the elderly. Even more likely, it will be geared to a
bipolar mass market divided between two groups of con-
sumerswith very different needs: on the one hand the elderly
of whom most are natives; and on the other hand young
people with very varied geographical, ethnic and socio-eco-
nomic backgrounds.
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The resulting increasing pressure on
public finance and the provision of
welfare services

Theimpact of the ageing processisaready being feltinterms
of public finance. The slowdown in the rate of increasein the
working population and the increasing dependency rate of the
elderly population over the next few decades will not be
limited to the European continent. It will occur in most indus-
trialised countries, but the repercussions for public finances
will be more severe in Europe than elsewhere. On the one
hand, European countries currently have the highest depen-
dency rates in the world. Whilst on the other hand, compared
with other continents, the European socia model providesfor
relatively broad state coverage in terms of social security
(unemployment, healthcare and pensions).

These effects on public expenditure are expected to be signi-
ficant. Some calculations project an increase in retirement
expenditure under European public schemes from 3% to 5%
of GDP over the period 2010-2050, with increases in some
Member States to as much as 6% (Netherlands), 8% (Spain)
and 12% (Greece)'. For the majority of European countries,
this means at least a 50% increase between now and 2050 in
the proportion of GDP spent on pensions. In terms of health-
care, increases of 1% to 3% of GDPareforecast over the same
period (European Commission (2001d); European Commis-
sion (2001b)). Will it be possible to sustain this pressure with
annual economic growth of 2% to 3%? What are the implica-
tionsin terms of social security? Will Europe be able to com-
bine such an extended socia protection system with budget
deficits restricted to less than 3% of GDP?

Mass immigration and labour markets
reform as solution?

Faced with a shrinking working population, the vast magjority
of European countries will be forced to resort to mass immi-
gration of skilled young people. Some forecasts point to the
scale of such a movement. The highly reputable Deutsches
Ingtitut fir Wirtschaftsforschung in Berlin estimates that by
2020, Germany will have to bring in one million young
people of working age each year simply to maintain its poten-
tia labour force. Many other European countries supply fig-
ureson the same scale in relative terms. In Japan, mention has
been made of bringing in around 500 000 Koreans per year
for the same reasons (Drucker, 2001; OECD, 2001).

In Europe, disregarding the large popul ation movements at the
end of the Roman Empire, migration on this scaleis a unique
historical phenomenon and creates therefore unprecedented
challenges. It is leading to a widespread feeling of unease,
sometimes expressed in the success of nationalistic parties in

certain European countries. The arrival of large groups of
immigrants will pose major challenges to European societies,
among other things in terms of political representation, inte-
gration and social cohesion. Moreover, the scarcity of skilled
young people also makes it necessary to increase the overall
employment rate to optimise the use of the existing labour
force. Itisessentia in particular to create new types of jobs or
take measures in order to keep in employment persons rea-
ching the end of their career, or to reintegrate them into the
labour market, particularly the most highly skilled. This
requires drastic adjustments in the labour market in order to
even out as far as possible the potential imbalances between
the supply of and demand for human capital.

... and / or increased productivity?

Evenif thereisasubstantial improvement of the participation
rate and massive immigration of young human capital, the
ageing process means that it is essentia in the coming years
that there be drastic increases in productivity. This is neces-
sary if economic growth, high standards of living and social
cohesion of the population areto beimproved or even merely
maintained them at current levels. In mature economies, asis
the case in the European Union, the main engine of produc-
tivity istechnological progress. This necessity of an increase
in productivity in the working population requires greater
attention and a massive allocation of resources to two crucial
and closely interlinked areas:

* the generation and assimilation of new knowledge, the
source of future competitiveness,
» education and training of human capital.

In the area of scientific and technological research, even if
investment in public and private research were to be
increased significantly, it is also crucial that there be
improved co-operation and co-ordination between the private
and public sectors. The training of human capital generating,
assimilating and disseminating new knowledge and enabling
it to be turned into innovations requires not only the aloca
tion of sufficient resources but also astructural reorganisation
of education and training systems. This implies not only
improved training of young people, but also the extension of
such training to cover an individual’s entire career through
life-long training. It will become more and more important to
reduce the rate at which human capital becomes obsolete.
Fromapolitical point of view, such an allocation of resources
is likely to be subject to pressure from an electorate more
inclined to support healthcare and pension programmes than
the training of young people or scientific research (Holtz-
Eakin, 2000). A very relevant question is how far the political
leaderswill be able to reconcile the wishes of anincreasingly
elderly electorate with the crucial need for resources to sti-
mulate productivity.

“ By way of comparison, 5% of GDP is roughly the proportion of resources that Europe spends on education, at all levels and including all sources of

funding, private aswell as public.
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MODERNISING THE SOCIAL MODEL

Wealth, health and education as public
goods

Europeans are an ageing minority in global terms, but com-
pared with other continents they are wealthy and highly edu-
cated. Europe, “ the driving force for economic development
and modernity” (Landes, 1998) has acquired considerable
assets and benefits during its long history of economic pros-
perity and the development of social well-being. Even if one
takes into account substantial differences between its differ-
ent social welfare systems, Europe, compared with other con-
tinents and regions in the world, benefits from ahigh level of
wealth and education, and, via socia transfers, from a high
degree of social cohesion.

The European Union is the region with the highest ‘human
development’ levels in the world (figure 1.3). Because indi-
vidual well-being requires much more than economic wealth
aone, the ‘Human Development Index’ combines the three
basic dimensions of human development: leading along life

in good health, being well-educated and having access to the
resources necessary to enjoy a decent standard of living. In
Western Europe, the average income per person (in purchas-
ing power standard) is five times higher than that of a citizen
of Asia (excluding Japan) or South America, and nearly
twelve times higher than that of apersonin Africa. Moreover,
within the EU-15, per capita GDP is converging between the
Member States, indicating convergence in the standards of
living of the European countries (European Commission
(2001/1b)). Finally, European citizens appear to constitute
one of the best-educated populations on earth, and benefit
from the highest standards of living.

Beyond individual well-being, asufficiently high level of per
capita wealth also enables collective services to be provided
in the public interest. In a democratic society with a prosper-
ous and stable economy, the State can act as arhbiter in the
(re)distribution of the wealth produced. Through public
spending on the social security system, it has mechanisms at
itsdisposal to guarantee aminimum level of social protection
for the population as a whole and, in particular, the groups
most vulnerable in socio-economic terms. Within the EU-15,
18% of the population in 1996 had an income below the
poverty line®. This figure would rise to 26%, increasing
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* According to the Eurostat definition, thisis the proportion of the population with an income, after tax and social transfers, equal to or less than 60% of

the average of the country concerned (European Commission (2001/1b)).
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poverty by almost half as much without social transfers
(European Commission (2001/b)).

However, the provision of social protection is not self-evi-
dent. On the one hand it requires solidarity between al popu-
lation groups; on the other hand it implies a long-term com-
mitment, since any reduction in poverty and socia cohesion
callsfor considerable effort by the whole of a society during
several generations. This is especialy true when economic
growth slows down and governments are exposed to bud-
getary constraints, because of which they are likely to reduce
public spending, or rely more on long-term external borrow-
ing to finance social security. The resulting increase in con-
solidated debt may then endanger macro-economic stability
and growth in entire regions. It creates aneed for inter-gener-
ational solidarity, since future generations are obliged to pay
back present spending, sometimes even decades later.

Compared with other parts of the world, Europe stands out
because of its extensive social model, with major efforts to

Table 1.1 Total public spending on pensions,
healthcare and education worldwide
(percentage of GDP at current prices

last year available between 1994 and 2000)

Total Pensions Health Education

America 4.7 43 4.9
uUs 30.1 5.4 5.1 5.4
Rest of America 3.9 3.4 4.4

Europe 8.5 53 4.9
EU-15 46.2 10.2 6.5 5.0
Rest of Europe 7.0 4.2 4.5

Asia 24 1.7 29
Japan 38.1 5.1 4.8 3.6
Rest of Asia 2.2 1.5 2.8

Oceania 4.9 5.4 5.8

Africa 0.8 1.8 3.6

Source: DG Research

Data: World Bank, Eurostat, OECD.

Notes: The figures for the EU-15 date from 2000 (total public
spending, spending on pensions), 2000 or 2001 (edu-
cation) and 2000 (health). The figures for the other
industrialised countries and OECD members refer to
1999 (total public spending), the last available year
between 1994 and 1997 (health and pensions) and
1998 (education). The figures for the other countries
refer to the last year available between 1994 and 1997
(education), between 1996 and 1998 (health) and
between 1991 and 1997 (pensions). For definitions,
see World Bank Development Indicators 2002.
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ensure a high standard of social protection and cohesion
(table 1.1). Throughits public spending, Europe devotesarel-
atively large share of its wealth to socia transfers for health-
care, pensions and the provision of a high standard of basic
education.

Although the above figures reflect the extent of public com-
mitment to social protection, they reveal nothing about the
effectiveness of spending or concrete social return. One of the
reasons for social inequality within a society is the uneven
distribution of wealth. Figure 1.4 gives an overview of this
type of economic inequality for the various regions of the
world. It shows, for the last year available between 1990 and
2001, the Gini coefficient for the country or continent con-
cerned’. The higher the Gini coefficient, the more uneven the
income distribution is.

Obviously, there is not necessarily a direct relationship
between the overall level of per capitawealth and the distrib-
ution of this wealth between population groups. Thus the US
isacountry with less equality than Burundi, Egypt or Roma
nia. Furthermore, there appears to be no close positive corre-
lation between rapid economic growth and inequality of
income distribution. The Asian countries, for example, expe-
rienced the highest growth rates during most of the last
decade, but did not have the greatest disparities. Finally,
extreme disparities can be a barrier to economic growth, like
inalot of South American or African countries.

Europe appears to be the continent with the smallest income
disparitiesin theworld, but an important distinction hasto be
made between two different groups. The EU-15 isthe genuine
model of economic cohesion: itistheworld regionwith by far
the most equal income distribution. In addition, differences
across Member States are considerably less than those
between countries in other continents (cf. the variation
around the average for each continent). The situation in the
rest of the continent is much worse, even if income inequali-
ties in these countries are less than those in the US, China or
Africa

From a trend angle, it is worth mentioning that nearly all
countries, including most of the industrialised countries,
seem to have experienced a U-shaped change in inequality,
with a decline of income inequality in the 1970s and 1980s
and increasesin the 1990s. One should pay very special atten-
tion to this development, even if the increase in disparities
was much smaller in Europe than in other industrialised
regions, in particular North America (UNDP 2001; Higgins
and Williamson, 1999).

® The Gini coefficient isone of theindicators most often used to measureincome disparities. It is always between 0 and 1, with a coefficient of 0 representing
a perfectly even distribution, i.e. a situation in which each population group has the same share of available income. In a perfectly unequal society, i.e.
onein which the richest group holds all of the available income, the Gini coefficient is equal to 1.
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Competitiveness with high social
cohesion?

However, this European social welfare system is undergoing
increasing pressure, due to both external and internal factors.
On the one hand, intensified globalisation and competition,
and increased technological change are breeding new
inequalities while at the same time demanding higher levels
of competitiveness. On the other hand, the pressure on the
socia model will grow due to the phenomenon of ageing and
the enlargement of Europe to include new Member States
with less social cohesion and a lower standard of living.
Taking into account this new, changing environment, can
such a model, which provides the highest *human develop-
ment’ and social cohesion in the world, be preserved?

We have here acrucial dilemma between competitiveness on
the one hand and social cohesion on the other. A redlistic
assessment might be to conclude that it is not possible to
maintain the European social model. Therefore, a defensive
answer to thisthreat would consist of downgrading it in order
to increase competitiveness. Another, more affirmative
answer but also much more complex, is two-fold: to build
new competitive factors on the one hand and to modernise the
European social model on the other hand (Rodrigues, 2002;
Esping-Andersen, 2002).

Building up new competitive factors might be possible thanks
to the new opportunities created by the knowledge-based

economy, including the modernisation of companies, public
services, schools, transport, cities and all the surrounding
environment. This calls for a broad commitment to active
policies in the fields of education, research, and economics.
The cornerstone of this modernisation process is investment
in human capital and new knowledge. Only through the
development of new competitive factors will Europe be able
to meet the increasing social demands and to maintain — or
even improve — social cohesion.

Modernising the social model implies the creation of condi-
tions to help people moving from a job without a future to a
job with afuture. Analysis of EU employment growth during
the last years reveds substantia improvement in this regard
(see figure 1.5). Besides favourable macro-economic condi-
tions, the job creation witnessed since 1997 also reflects
labour market reforms undertaken by Member States. This
includes measures to lower the cost of labour and/or to
improve the adaptability of the workforce, sustained wage
moderation, improved real wage flexibility and cutsin socia
security contributions and taxes. Labour markets have aso
tended to become moreflexible, aswitnessed by thelarge con-
tribution of the development of part-time and temporary
employment to overall job creation.

Despite thisimpressive performance in the second half of the
1990s, human resources are still under-utilised in the Euro-
pean Union and structural problems continue. Unemploy-
ment —in particular long-term unemployment —isstill highin
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anumber of Member States and regions. Action is needed to
ensurethat the cyclical increasein unemployment expectedin
2002 and 2003 does not become structural. In some Member
States a high rate of unemployment co-exists alongside a
large number of unfilled job offers, especially for highly-
skilled human capital. Finally, labour force participation
rates, especially for older workers and women, are unsatis-
factory. Determined continuation of policy action to reduce
unemployment and put in place a full strategy for increasing
participation rates is essential. Promoting the training of
human resourcesin order to improve qualifications and make
them adaptable throughout their working life could act as a
catalyser in this context.

However, thinking that the population, via education and
training, can be adapted to new market conditions and that
education and training will, thus, resolve the social problem, is
afalacy. Investment in education, training and life-long learn-
ing might be inefficient if it is not backed up by social invest-
ment: children’s ability to learn and success in school depend
directly and powerfully on the socia situation within their
families. Lingering socia inequalities unavoidably produce
educational and cognitive inequalities. Active socia invest-
ment is also an answer to new needs created by changesin the
family structure: new household forms and life-style patterns,

Figure 1.5 Unemployment rate (%) in the
EU-15, the US and Japan (1991-2001)
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much lesslinear, homogeneous and predictable, are emerging.
Therefore, it appears to be important to redefine social policy
in order to nurture strong and viable families adapted to the
new and rapidly changing working conditions.

ECONOMIC CHALLENGES: COMBINING
PROSPERITY, STABILITY AND DYNAMISM

The issues

Modernising the economic and social environment to support
the transition to the knowledge-based economy, providing
more and better jobs and promoting active social policies
cannot happen without sound and sustainable economic
growth. The increasing pressure on the working population
due to the ageing process unavoidably calls for drastic
increases of productivity. Evenif thereis‘efficient’ immigra-
tion of young talent and higher participation rates that can
compensate for the reduced workforce, a substantial increase
of labour productivity will be more than necessary if we are
to keep ahigh standard of living for everyone. Therefore, itis
generally recognised that over a long period productivity,
competitiveness and economic growth are above al deter-
mined by technological progress and the accumulation of
human capital’. These factorsarein turn largely dependent on
investment in education, research and innovation and its out-
comes. In a knowledge-driven economy, education, research
and innovation policies are thus key elements for fostering
productivity and economic growth in the long term.

On the other hand, increasing and stimulating public and pri-
vate investment in the fields of education, research and inno-
vation may jeopardise budgetary positions and endanger
macro-economic stability in the short-term. Inversely, focus-
ing on stability should not happen at the expense of those
investments that can enhance long-term economic growth.
Thereal economic challenge for Europe consists thus of find-
ing the right balance between restrictive policies focusing on
short-term budgetary and monetary stability on the one hand,
and active policies achieving higher economic growth paths
on the other hand. One might consider, indeed, that these two
options are not necessarily incompatible. In this section we
will first review the recent progress made by European
Member Statesin terms of macro-economic stability. Thefol-
lowing section will analyse to what extent this was translated
into higher economic growth. Finally we will see to what
extent a suitable matching can be found between macro-eco-
nomic stability policies on the one hand and long-term
growth policies on the other hand.

’ Estimations made by the European Commission point to a contribution of technical progress to the potential economic growth of 50% to 56%

(European Commission (2001d)).
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Prosperity and macro-economic stability:
real progress made during the 1990s

The policy of macro-economic stability has delivered sub-
stantial results in recent years. Following the Maastricht
Treaty (1991), the European Member States have made large
efforts to respect the convergence criteriain order to support
the introduction of a common currency in January 1999. The
European policy of macro-economic stability is focused on
three main areas: reducing inflation, creating healthy public
finances and reducing public indebtedness.

The commitment to price stability hasin recent yearsfostered
a culture of stability and confidence in Europe. It reduces
uncertainty and promotes wage moderation, providing the
necessary basis for an investment-friendly environment. The
very stableinflation expectations of below 2% bear witnessto
this. Asfigure 1.6 shows, the EU made considerable progress
in this area during the 1990s. Consumer product prices were
onavery clear downward trend during the last decade, which
also encouraged wage restraint (the rise in inflation in 2000
being due mainly to energy price rises). It is thanks to these
concerted efforts that Europe, and in particular the EU-15,
stand out in terms of price stability and low inflation com-
pared with other parts of the world. Despite the aggravation
of the situation in 2001 and 2002, actual forecasts expect that
inflationary pressures remain subdued over the medium term

and that, in the course of 2003, inflation will stabilise at levels
below 2% (European Commission (2002/3)).

A sound budgetary policy is the second pillar of the macro-
economic framework, and a third important element of the
Stability Pact is public debt reduction. Medium-term bud-
getary positions in balance or surplus alow for a steady
decline in government debt and interest payments. This
enhances the capacity to deal with budgetary challenges, in
particular those stemming from ageing populations. Substan-
tia progress has been made in recent years (figure 1.7) even
if the situation slightly deteriorated from 2000 on. During the
second half of the 1990s, al Member States improved their
budgetary position: most of them were able to reduce public
spending and to bring deficits under the 3% of GDP thresh-
old. A lot of Members States had a positive budgetary balance
in 2001 and the overall European budget deficit (0.8% in
2001) is due to the substantial increase of public expenditure
in some of the large Member states.

Simultaneously with these achievements, Europe has made
substantial progresstoo in terms of market integration. In the
financial services and capital markets, the European Mone-
tary Union (EMU) and the introduction of the Euro have
aready created new opportunities for efficiency gains and
reduced distortions in competition nurtured by fluctuating
exchange rates (' competing’ exchange rates). The Union also
achieved a substantial convergence and overall decrease of
real interest rates, in particular long-term interest rates. Nev-

Figure 1.6 Annual inflation rate in EU-15 in % (1990-2001)

6

5

4

3

2

1

0

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
Source: DG Research
Data: Eurostat, New Cronos
Note: The annual inflation rate here refers to the HICP (Harmonised Indices of Consumer Prices).
Third European Report on S&T Indicators, 2003

1



12

CHAPTER | - FACING THE CHALLENGES OF THE 21" CENTURY

Figure 1.7 Budget balance and consolidated public debt in EU-15, 1996-2001, as percentage of GDP
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ertheless, despite encouraging progress, there is still a long
and unfinished agenda to be completed. Large segments of
European product markets are still insufficiently integrated to
make the Union an attractive location for investments;
improvement is needed too with regard to the cross-border
provision of services, and the mobility of both skilled and
unskilled workers (Baciocchi, 1999).

Growth and productivity: lack of
dynamism

Despite this progress towards more macro-economic stability,
Europe till suffersfrom agrowth handicap. Theworld growth
rate of GDPgradually picked up during the 1990s, rising from
below 3% to nearly 4% in 2000. This increase resulted from
the performance in a number of regions such as the emerging
markets of Asig, the Central European countries, the United
Kingdom, and above al North America and the US, which
represents more than a quarter of world GDP. The reasons for
this acceleration in economic growth are varied:

* ahility to attract foreign direct investment (Central Europe,
China);

* specidisation in rapidly growing industries such as elec-
tronics (New Asian Economies, Scandinavian countries,
Ireland);

* very fast growth in the production and use of the new tech-
nologies (US) (Artus, 2002).

With few exceptions, Europe has not fully benefited fromthis
improvement in the growth rate. More specifically, the Euro
area continued to grow slowly until 1998-1999, which
explains Europe’s rather lacklustre performance compared
with other parts of theworld (figure 1.8). US GDProse by an
average of 3.6% a year between 1991-2001. In the shorter
term, during the second half of the period (1996-2001), it
showed an even more sustained trend at 3.7%. By compari-
son, the EU figure is more modest, with a growth trend of
2.2% a year over the decade. Although growth accelerated
during the second half of the 1990s (with an annua growth
raterising to 3.3%), the difference with the US remains strik-
ing. In terms of GDP per capita, the gap between Europe and
the US has been widening during the 1990s, after over four
decades in which Europe had consistently caught up with the
Americans (Soete, 2002).

The increased economic growth in Europe during the second
half of the 1990s came more from the increase in the number
of hours worked rather than from an increase in labour pro-
ductivity (figure 1.9). In the long run, improvement in eco-
nomic growth, and thus in the overall standard of living, is
broadly determined by the rate of productivity growth. Main-
taining high standards of living asthe working age population
starts to decline due to ageing, will increasingly depend upon
productivity increases. Labour productivity growth inthe EU
isrelatively low and has actually slowed by half a percentage
point on average between the first and second half of the
1990s. This is essentially due to the increase of the employ-
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Figure 1.8 Average annual growth rate of GDP by continent, 1990-2001. Inserted: Average annual growth
rate (%) of GDP in Japan, the US and EU-15 in 1991-2001 and 1996-2001 (€PPS1999)
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ment component in growth following structural reforms. At
the cycle's peak in 2000, the productivity growth rate was
back at the average of the early 1990s, reaching nearly 2%.

Productivity is affected by many factors, but depends largely
on investments and their performance, which determine the
structure and size of the capital stock and enable the penetra-
tion of new technologies in the economy. A higher rate of
investment growth raisesthe capital available per worker and,
ceteris paribus, labour productivity. Given that the acquired
macro-economic stability provides asolid basis, thereis both
aneed for and scope to improve the investment environment,
viastructural reforms on product, capital and labour markets,
the devel opment of an adequate and homogeneous regulatory
environment, efficient public services, and a satisfactory
supply of network infrastructure. However, improving the
environment might not be enough. It remains crucial to
increase the rate of investment, particularly investment in
research and innovation, and education and training to
enhancetechnological innovations, skillsand the adaptability
of the workforce.

The Union has a lower overal rate of investment (in 2002
gross fixed capital formation as percentage of GDP was
20.3% for EU-15) than its main competitors Japan (25.3%)
and the US (20.5%). Moreover, the growth of the investment
rate during the 1990swas|ower in Europe. Whereasit dlowed
downin Europe over thelast decade, it increased significantly
inthe US, at arate of 2.7% per year between 1991 and 2001.

The difference between countriesmaking an effort to increase
investment on the one hand, and othersis striking in terms of
the capital intensity trend. Per capita productive capital rose
by 4% a year between 1994 and 2001 in the US, but by less
than 2% a year in the EU-15. The same gap appears when
capital related to GDPisconsidered (Artus, 2002). Interms of
investment in research and new technologies aswell, the con-
trast is striking: the share of resources going into research and
development in Europewas 1.9%in 2000, against 2.7% in the
US and 3.0% in Japan (European Commission (2002h)). The
proportion of high-tech manufacturing and user sectorsinthe
economy is aso higher in the US and Japan than in Europe,
where, in addition, it fell during the 1990s. High-tech and
medium high-tech industries in Europe contribute signifi-
cantly to overall employment, but their share in total value
added is lower than in Japan and the US. Thus labour in the
high-tech sector is less productive than in the US or Japan,
which leads to the conclusion that the high-tech sector in the
EU is not yet the excellent knowledge producer and trans-
former that it should be.

So, did the focus on macro-economic stability limit a higher
investment rate and the potential for economic and produc-
tivity growth? Theoretically, the two options (stability versus
enhancing long-term economic growth) are not incompatible.
The following section triesto explain to what extent they can
Cco-exist.
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Figure 1.9 Components of economic growth in the euro area (1996-2000)
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Investments in education, research and
innovation, essential complements to
macro-economic stability

Relationships between macro-economic stability and eco-
nomic growth are interactive and very complex. The eco-
nomic experience of the last few decades shows that one
cannot build sustainable economic growth when thereismon-
etary and budgetary imbalance. Of course, by printing money,
running a budget deficit or keeping interest rates artificially
low, one can sometimes bol ster economic growth in the short-
term. However, the dysfunctions and imbalances that such a
policy causes, damage the sustainability of economic growth
sooner or |ater. On the other hand, having policies which are
too restrictive often lead to aslowing down of investment and
afall-off in domestic demand, causing declining productivity,
economic redundancies and higher unemployment. The
rising tensionsand social demandsthat result from thisunder-
mine the confidence of financial markets in public policies,
and aviciouscircleis set up between economic growth, inter-
est rates and employment. Thus, monetary stability depends
both on productivity increase and economic growth, and on
improvement of employment and living standards. Therefore,
the complexity of the relation between growth and macro-
economic stability necessarily entails appropriate matching

of monetary and budgetary policiesto policies of growth and
income.

Macro-economic stability is thus necessary for sustainable
and lasting economic growth but is not sufficient on its own.
In other words, economic growth is not abonus, or a by-prod-
uct of a general policy of fine-tuning financial and macro-
economic balances. In the long-term, economic growth is
above al defined by technological progress and the accumu-
lation of human capital, which determine the way and speed
at which technological progress penetrates economic texture.
Moreover, economists now agree that technological progress
is not an exogenous factor, a kind of ‘manna from heaven’
permanently available to the economy, but an endogenous
factor and main driver of productivity and growth. If it isnot
exogenous or automatically available, it has to be funded or
stimulated. This recognition thus changes the traditional
views on the interaction between technological progress,
growth and macro-economic stability: economic growth is
seen as depending on the relative balance between savings
and spending, since it influences the development of the fac-
tors supporting the pace of technical progress. In other words,
macro-economic policies that also seek to favour economic
growth must improve the conditions for funding so that more
scientific and technical know-how and technological innova-
tions can be accumulated and disseminated.
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Given this, macro-economic stability becomes clearly valu-
able too for the development of technological progress. it
does not adversely affect the funding of the main sources of
growth such as research, innovation and education. Since
technological progressisan intangible and long-term activity,
it is even more difficult to finance it in an environment of
monetary instability. The effect of monetary uncertainty is
that companies become unsure about the future and re-define
their strategy towards shorter-term prospects, because they
cannot predict the profitability of long-term investments.
Together with inflation, fluctuating exchange rates hamper
the pursuit of growth and the creation of jobsin thelong term.
A greater co-ordination on monetary matters allows for the
reduction of distortions in competition resulting from coun-
try-specific strategies (' competing’ exchange rates), prevent-
ing European firmsfrom being competitivein technology and
industry on world markets. Stable prices and exchange rates
are two cruciad macro-economic factors essential to better
long-term planning of industrial and technological invest-
ment by European companies.

The converging downward trend in real interest rates, partic-
ularly long-term rates, and public spending cuts are also fac-
tors that favour growth and technological progress. Indeed, it
is primarily intangible investment that is affected when rea
interest rates are high. It has then to rely solely on public
resources and those of the private sector, which are reduced
because the globalisation and the liberalisation of capital mar-
kets expose this kind of long-term investment to increased
competition with lower-risk investments that have a higher
rate of returninthe short term. In other words, long-term low-
ering of real interest rates will ease the constraints, which
hamper the funding of intangible investment. Stable
exchange rates, together with lower rea long-term interest
rates can contribute to limiting the short-term view of eco-
nomic agents. Secondly, public spending cuts are also a cru-
cial objective because they reduce government deficits and
ease the upward pressure on real interest rates that is exerted
by government indebtedness. Together with stability in
prices, exchange rates and public finances, increasing long-
term savings is necessary for -at least- two reasons. On the
one hand, it increases capacity for cheaper financing of
(intangible) investments. On the other hand it allows meeting
the growing demand for capital that is needed to safeguard the
social model, and to combat social exclusion.

So macro-economic stability policy and its components do
not in themselves hamper long-term economic growth or
technological and social progress. However, the danger liesin
over-restrictive and exclusive implementation of those poli-
cies, not linked to and well balanced with other policies pro-
moting long-term (intangible) investments and economic
growth. Indeed, past experience shows that unless stability
policies are applied on the appropriate scale, these same
objectives may generate counter-effects damaging to growth,
jobs and technological progress. In other words, just as
macro-economic stability was an unavoidable step towards

the EMU and is till necessary to lasting long-term growth,
European policies of growth and intangible investment are
essentia if the positive effects on growth and employment
expected by the creation of the EMU are to take concrete
shape. These three categories of European policies need to be
implemented in aco-ordinated way; there cannot be any form
of trade-off between these different policies any more than
between short- and long-term objectives (Von Tunzelman,
1995; Caracostas and Muldur, 1998).

These considerations have important implications for the
appreciation of the extent to which ‘stability’ can be com-
bined with growth-stimulating policies. It isvery important to
make a clear distinction in the nature of public expenditures.
Some of these, by increasing and stimulating intangible
investment, are engines of future competitiveness and eco-
nomic growth, and are therefore crucia to ensure long-term
viability of the European Growth and Stability Pact. Thus,
one could suggest to take into account this distinction and, for
instance, to reduce the scope of the 3% of GDP threshold for
budgetary deficits and to exclude from this criterion the
expenditure in research, education and innovation. The Euro-
pean Council aready acknowledged the importance of those
expenditures for economic growth and stability. In 1996, at
the Summit of Florence, it therefore called on the Member
States “to step up their efforts at budgetary consolidation
[...], making a selective restructuring of expenditure that
encourages intangible investment in human capital and
research and development, innovation and the infrastructure
essential to competitiveness [...]” (Council document
SN300/96). This clear position was emphasised again at the
Lisbon summit in 2000, by suggesting to “redirect public
expenditure towards increasing the relative importance of
capital accumulation -both physical and human- and support
research and development, innovation and information tech-
nologies’ (Council document 100/1/00, par. 23).

As previous sections of this chapter clearly demonstrated, a
European policy of growth, based on the intensive develop-
ment of intangible investment, is more than necessary not
only to ensure sustainable macro-economic stability in
Europe and improve competitiveness, but also to meet the
needs of the emerging knowledge-based economy and to
respond to the challenges of the ageing phenomenon. Thefol-
lowing chapters of this report will anaysein detail the evolu-
tion, structure and performance of investment in science and
technology in Europe, and will enable a comparison of
Europe with its main competitorsin these matters.

ECONOMIC GROWTH AND
ENVIRONMENTAL SUSTAINABILITY?

Ensuring long-term economic growth is necessary, but it
should not be at the expense of environmental preservation.
Economic growth has by definition negative externalities:
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one of themis pollution, or in abroader sense, environmental
damage. Pressure on the environment from demographic and
industrial growth and the concentration of human activitiesis
increasing year by year, with inevitable negative effects such
as pollution, emissions of greenhouse gases, waste produc-
tion, or deterioration in natural resources. A globally polluted
environment, shrinking natural resources and ever growing
health and socid problems call for radically new conceptsfor
the future of industrial society. A new production and con-
sumption system is required that is able to reduce the use of
natural resources and to avoid pollution to the maximum
extent possible, moving away from the simple growth-ori-
ented type of industrial technologies (Meyer-Krahmer, 2001).

Indeed, the relationship between industrial production, eco-
nomic growth and material well-being (per capita GDP) on
the one hand, and pollution levels on the other, isnot linear. A
responsible region concerned about its environment will try
to optimise the effects of its economic activity, i.e. to min-
imise harmful by-products without sacrificing part of its
material well-being or endangering economic growth. It is
necessary to sever the link between economic growth and
environmental impact, since a healthy and protected environ-
ment is essential for the quality of life of present and future
generations. Research and technology policies can substan-
tially contribute to this goal, first because of the need for
innovationsto solve problems of currently unsustainable pro-
duction methods and consumption patterns and, second,

because of the need to develop and diffuse a wide range of
environmentally ‘clean’ technologies.

Europe hasmade agreat deal of progressinthisregard during
thelast 30 years. Since the 1970s, the European Union and its
Member States have put in place a system of laws and envi-
ronmental controls, which have enabled the quality of air and
water to be constantly improved. This means that, as far as
atmospheric pollution is concerned, Europe has lower pollu-
tion levels than most other industrialised parts of the world.
Greenhouse gas emissions, expressed astonnes of CO, equiv-
alent per capita, in Europe (and Japan) during the 1990s were
less than a half of those recorded in North America and the
industrialised regions of the Pacific (figure 1.8). According to
the most recent data from the United Nations Environmental
Programme, the trend of these emissions during the last
decade has also been downward in Europe, unlike in other
industrialised regions.

Environmental protection requires an effort from all the eco-
nomic operators involved in the production system. Compa-
nies are becoming increasingly aware of their environmental
management responsibility to society and are introducing
procedures to observe, detect, monitor and even reduce the
impact of their activities on the environment. The environ-
mental standard SO 14001 award scheme provides a mea
sure of the scale of these efforts. ISO 14001 was established
in 1995 by the International Standards Organisation and
defines the administrative model, responsibilities, proce-

Figure 1.10 Greenhouse gas emissions (in tonnes of CO, equivalent per capita)
in the industrialised world, 1990 and 1999
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dures, processes and resources required to implement an
environmental management system. More recently, addi-
tional and more specific standards — 1SO 14004 and SO
14031 — concerning the measurement of environmental per-
formance have been launched. These standards relate to all
types of organisation, in al sectors of the economy. Analysis
of the breakdown of sites certified under the ISO 14001 stan-
dard reveals that nearly half the certified sites are located in
Europe, compared with lessthan 10% in the US and just over
athird in Asia (Férone, 2001, p. 50-51).

Although these initiatives are laudable, it is clear that thereis
gtill a great deal to be done. Environmental constraints are
increasing from year to year. Even if some progress has been
made in many fields, the global balance till remains nega-
tive. Moreover, the ecological challenges reach far beyond
national and continental frontiers, and therefore require inter-
nationalisation of effortsto protect the environment. Aninter-
national system of governance is more than necessary in this
area. It is a chalenge for Europe to take leadership in these
matters, by promoting new, environmentally friendly tech-
nologies, products and processes. However, even if research
and innovation policies might contribute substantialy to a
better preservation of the environment, solving the ‘environ-
mental challenge’ requiresalarger, systemic approach, which
integrates behaviourial and structural change, better regula
tions, and both penalties and incentives. Technology and
innovation policy has to develop a comprehensive approach
to a broad range of different policies (technology, price sys-
tems, attitudes and behaviour, etc.), different sub-systemsand
actors (public, semi-public bodies, companies, banks,
research institutes, etc.) at different levels (European,
national, regional and local).

EUROPE AND THE REST OF THE WORLD:
GLOBALISATION, ENLARGEMENT AND
GOVERNANCE

Globalisation and its challenges

Globalisation is aprocess that has been ongoing, albeit not in
alinear fashion, over along period of time. In economic and
financial terms, it has been characterised by a strong expan-
sion of trade in goods and services and, more recently, by a
strong expansion of international capital flows. The underly-
ing factors for this growth are to be found in the rapid tech-
nological progress of the past decades, leading to radical
reductions of transport and communication costs and an
unprecedented increase in information-processing capabili-
ties. Public-policy measures, like the dismantling of quotas
and tariff restrictions on trade and the liberalisation of capital
movements, were other factors of crucia importance. The

further integration of markets and the emergence of aknowl-
edge-based economy with its faster rate of spread of innova
tions are boosting this globalisation process and exacerbating
its effects, both positive and negative.

The process of globalisation over the past 50 years has been
accompanied by a six-fold rise in world output, while the
global population increased about two and half times (Mad-
dison, 2001). This trandates into major improvements in the
income per capita, human welfare and quality of life of asub-
stantial part of theworld’s citizens. Although correlation does
not imply causality, there is little doubt that these achieve-
ments would not have been possible without continued
progress towards economic integration. Recent studies by the
World Bank have shown that developing countries that have
opened up their economies over thelast 20 years have demon-
strated a stronger growth performance than those that have
not pursued economic integration (World Bank, 2002).

However, this progress was certainly not equally distributed
across al regions of the world. The gap between richer and
poorer countries has widened during the last 40 years.
According to estimates by the United Nations, real per capita
income disparities at purchasing power parity between the
industrialised regions (OECD countries) and the developing
regions have more than doubled between 1960 and the pre-
sent day (UNDP, 2001). Some countries with fast economic
growth, such asthe Newly Industrialising Economies of Asia,
have managed to join the group of devel oped countries. How-
ever, 75% of the developing countries have had amuch lower
per capita GDP growth rate than the industrialised countries
during the past 30 years (IMF, May 2000). There still remains
alarge group of -very poor- countries that are less integrated
into the global economy, and do not benefit from the advan-
tages of the globalisation process. Their share in world trade
has fallen and they continue to be unable to attract foreign
direct investment. Improving living conditions and the eco-
nomic situation in these countries is one of the major chal-
lenges for the global economy and European policies. More-
over, economic and financial globalisation is associated with
other challenges such as communicable diseases, climate
change, loss of biodiversity and lack of international security.
Addressing these issues —that is, providing the world with
public goods- can be seen as part of a strategy of minimising
the negative effects of globalisation and maximising its posi-
tive effects.

The widening gap between rich and poor countries callsfor a
more active policy regarding promoting and financing devel-
opment in the less favoured regions of the world. A number of
poor countries are trapped in a situation of low income and
poverty, low levels of education and investments, and in alot
of cases high indebtedness. Therefore, international assistance
iscrucia. However, trends in official development assistance
have been disappointing in the last years. Official develop-
ment assistance by major donors in terms of their GDP
declined from 0.33% in 1990 to 0.22% in 2000 (0.40% for
EU-15 and EFTA) (World Bank, 2002). Although Europe is
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clearly the most generous donor (figure 1.11), the contribu-
tions remain far from the 0.7% of GDP target put forward by
the 1969 Pearson Report. Recent estimates point to the fact
that current levelsof official development assistance should be
doubled in order to help low-income countries reach their mil-
lennium development goals of halving poverty between 1990
and 2015 (European Commission (2002€)).

However, international assistance goes far beyond financial
aid only. Better integration of developing countries into the
world economy requires also commitments and efforts in
other fieldslike indebtedness (i.e. aleviating the debt burden:
developing countries’ consolidated debt relative to GDP dou-
bled between 1981 and 1998) or trade (facilitating market
access for agricultural and labour-intensive manufactured
goods, where developing countries’ comparative advantage
oftenlies). Moreover, it must be accompanied by political and
institutional progress, leading to the construction of stable
states, with integer, competent administrations and institu-
tions to support political democracy. All of this implies
stronger efforts and commitments by European Union
Member States (European Commission (2001f)).

On the other hand, the increased internationalisation of eco-
nomic activity hasraised issues about the appropriate level of
(economic) policy-making, and the capacity of national gov-
ernments to set rules and standards. The regulation of global-
isation, and more especially the international monetary,

financial and trading system, is necessary to reduce any
resulting abuses. It depends on the on-going reform of the
United Nations and the Bretton Woods ingtitutions, namely
therole of the International Monetary Fund (IMF) infinancial
markets, and of the World Trade Organisation, in order to
foster multilateral trade. A better co-ordination of Europe's
foreign policies can play asubstantial rolein this framework.
Toput it in other words: thereal challengefor Europeinthese
mattersis how to trandate the new competitive factors gener-
ated by the emerging knowledge-based economy into more
equally distributed economic and social development outside
of the Union.

Towards an enlarged Europe

A very up-to-date example of integration processes is of
Europe's enlargement to include new Member States. All the
demographic, economic, social and political challenges, which
are dedlt with in this chapter, will be heightened as a result of
the new structure and composition of the European Union. In
2004, Europe will undergo the widest enlargement ever, with
the accession to the EU of 10 new Member States’. This
enlargement represents a great opportunity for future growth
and welfare, but will aso bring with it huge challenges.

® Cyprus, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Malta, Poland, Sovak Republic, Sovenia.
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The EU has gone through a number of enlargements in the
past, with the integration into the Common Market of the UK,
Denmark and Ireland in the 1970s, Greece, Spain and Portu-
gd in the 1980s, and Austria, Sweden and Finland in 1995.
However, the enlargement now taking shape, is of an unprece-
dented scale because of the number of candidate countries,
their geographical size, population, diversity and cultural and
historical wedlth. It is the result of the gradual but intensive
drawing together of the EU with Central and Eastern Europe,
following the fall of the Berlin Wall in 1989. Soon after this
major event in European history, the EU established diplo-
matic relations and trade agreements with the Central and
Eastern European countries. Being their biggest source of
trade, aid and investment, the EU soon becametheir main eco-
nomic partner. Since 1994, it isthe biggest market for exports
from the region, absorbing more than half the total. Today, the
EU accounts for about 60% of exports from the Central and
Eastern European countries.

Enlargement of the EU to takein new applicant countries, “an
irreversible process the benefits of which are already visi-
ble”, is primarily aimed at continuing the process of inte-
grating the European continent through peaceful means, by
extending this area of stability and prosperity towards new
members. As recent conflicts in Europe in the Balkans have
shown, it remains essential to guarantee peace, democracy
and human rights throughout Europe through economic and
political progress. Through enlargement, the EU will con-
tribute to this process by creating a common internal market
of more than 500 million consumers, ending the long period
of division in Europe.

The expected benefits of such an enlargement for the new
countries and the EU-15 are numerous, extensive and occur at
variouslevels. The extension of an areaof peace, stability and
prosperity in Europe will strengthen security for all of its
people. The increase in the size of the European Union
market, withitscurrent 370 million consumers, by morethan
100 million consumersin fast growing economies will boost
growth and create employment in both the existing and the
new Member States. It will also allow increased mohility of
people, capital and ideaswithin the European continent. From
awider perspective, the adoption by the new Member States
of the Community Rules on environmental protection and the
fight against crime, drugs and illegal immigration will help to
improve the quality of life for citizens throughout Europe.
Lastly, enlargement will strengthen the EU’s international
role in fields such as foreign affairs, security, trade, gover-
nance and development aid. Some of the positive effects of
enlargement are already visible, notably in Central and East-
ern Europe. The economic reforms in these countries have
produced high levels of growth at twice the EU average and
better employment prospects. It isaprocessthat has been sup-
ported and encouraged by the prospect of EU membership
and by financial aid from the EU. This has aso led to an
increasein the EU’strade surpluswith these countries (17 bil-

lion euro in 2000) and to growth and job creation in the
Member States. A further benefit is that other countries will
gain considerable benefits from an enlarged European Union.
A single set of commercid rules, customs tariffs and admin-
istrative procedures will apply in the future within an
enlarged, uniform market, providing substantial positive
spill-overs in terms of international trade and capital move-
ments. Thiswill simplify transactions for third-country oper-
ators in Europe and improve the conditions for investment
and trade, benefiting not only the EU but also its commercia
partners around the world.

On the other hand, enlargement on such a scale will bring
with it huge challenges. In terms of economic and incomedis-
parities between people, regions and countries, for instance,
Europewill faceasignificantly new landscape. An analysis of
the situation as it stands today points to a doubling of the
income gaps between countries and regions; adoubling inthe
sense that if Europe consists of 25 countries:

+ At the national level, over one third of the population will
live in countries with an income per head less than 90% of
the EU-25 average — compared to one sixth in the present
EU-15;

* At the regiond level, the average income per head for the
bottom 10% of population, living in the least prosperous
regions of EU-25, will be only 31% of the EU-25 average.
In the EU-15 today, the income per head of the bottom 10%
of population equates to 61% of the average.

* At the national level, in a Union of 25 the countries sepa-
rate into three main groups. The most prosperous group
comprises 12 of the current Member States of the Union
—all except Greece, Spain and Portugal —where incomeis
above average. This is followed by an intermediate group
of Greece, Spain and Portugal, together with Cyprus,
Malta, Slovenia and the Czech Republic, whereincome per
head is about 80% of the EU-25 average with 13% of the
total EU-25 population. Thereal change compared with the
EU-15 of today, however, would be the existence of athird
group comprising the 6 remaining new Member States
Estonia, Hungary, Latvia, Lithuania, Poland, and the
Slovak Republic where income per head is around 40% of
the EU-25 average. Thisis a significant group, accounting
for around 16% of the population of the EU-25.

Thus, enlargement will widen the economic and social dispar-
ities between regions and nations markedly. Given existing
levels of income per head in the new Member States and the
experience with the progress made within the present EU-15,
convergence between regionsin the enlarged Union will take
at least two generations assuming it occurs at the same pace
(European Commission (2001/1h)).

The globalisation process and the enlargement of the Euro-
pean Union, and the opportunities and challenges thereof,
unavoidably call for structural reformin political and institu-
tional matters, leading to a new EU governance model. Such

® Giinter Verheugen, Member of the European Commission responsible for enlargement, in European Commission (2002d).
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a new governance model must be more coherent, so that
Europe can grow stronger at home and become a better leader
in the world. In that way, it will be able to seize the opportu-
nities which globalisation present for economic and human
development and respond properly to environmental chal-
lenges, unemployment, food safety, crime and regional con-
flicts. Better governance must give Europe the meansto pro-
vide its citizens and the rest of the world with more security
and human development —which s, providing the world with
public goods.

In this context Europe faces a double challenge: there is not
only the need for urgent action to improve governance under
the existing treaties, but also for a broader debate on the
future of Europe given the coming enlargement and sustained
American leadership on the international political scene.
Moreover, the overall goal of better governance must be
based on the simple principle that has guided European inte-
gration since the European Community was founded: inte-
grating the people of Europe, while fully respecting national
identities. The European Union cannot build and develop
institutions in the same way as national governments; it must
build partnerships and rely on awide variety of actors, so that
expectations can be met in different ways (European Com-
mission (2001¢)).

EUROPE’S RESPONSE TO THE
CHALLENGES: THE LISBON STRATEGY

The Lisbon European Council in 2000 set as a ten-year goal
for the EU to become the most competitive and dynamic
knowledge-based economy in the world. Subsequent Council
meetings at Stockholm and Barcelona have served to review
and add further impetusto these objectives. Thissection gives
afirst overview of the progress made in the transition to a
knowledge-based economy. However, in order to fully under-
stand the implications of the Lisbon target, this section starts
by discussing the significance of this extraordinary European
Council meeting.

The Lisbon Council Meeting (March 2000)

The European Council Meeting took place under the Por-
tuguese presidency on 23“ and 24" of March 2000 in Lisbon.
The strategic goal adopted by this European Council consisted
of transforming the Union by 2010 — over a ten year period —
into “the most competitive and dynamic knowledge-based
economy in theworld, capable of sustainable economic growth
with more and better jobs and greater social cohesion” (Coun-
cil doc. 100/1/00 Rev.1 paragraph 5).

This strategic goal was defined bearing in mind both externa
challenges — globalisation — and internal constraints —
Europe's response. Comparing the EU with the US in eco-

nomic terms, it was observed that after four decadesin which
continental Europe had consistently caught up with the US,
the process appeared to be going into reverse. The main reason
for this was considered to be the US speedier transition to a
‘knowledge-based economy’. The Lisbon meeting was of
great importance for Europe's future. It not only managed to
get an agreement of all Member States on a strategic goal to
achieveinten yearstime. Besidethisachievement, it alsoindi-
cated how the transformation towards a knowledge-based
economy should come about, taking into account the speci-
ficity of the ‘old continent’ and the challengesit isfacing.

As we have seen in the previous sections of this chapter,
Europefacesanumber of internal constraintsor, put more pos-
itively, challenges. The quintessence of the knowledge-based
economy revolves around the supply of highly skilled work-
ers. Yet, Europeisfaced with an ageing population, a decreas-
ing interest among young peoplein studying science and engi-
neering, an increasing ‘digital divide' and new inequdlities,
rigid labour markets, sub-optimal levels of mobility among
researchers, macro-economic pressures on government bud-
gets, etc. At the same time, Europe would like to maintain its
own distinct ‘social model’. Higher growth paths must be
combined with achieving social inclusion and cohesion, pro-
viding more people with better jobs, allowing families to
better reconcile professional careers with private lives, keep-
ing pension systems financeable, establishing economic
growth that is environmentally sustainable for future genera-
tions, etc. So the conclusions of the Lisbon meeting go much
further than catching-up with the US.

The Lishon meeting deserves credit for the fact that it tackled
Europe’s challenges on awide and integrated front, within the
framework of Europe's social model, while fully respecting
the economic and societal diversities among Member States.
To start with the policy actions required to achieve the transi-
tion towards a knowledge-based economy and society,
Lisbon launched actions which can be summarised under the
following three headings:

1. Further consolidation and unification of
the economic environment

» A Complete and Fully Operational Internal Market.
Thisincludes the development of a strategy to remove bar-
riers to services, liberalisation in areas such as gas, elec-
tricity, postal services and transport, updating of public
procurement rules, measures to promote competition and
shifting the focus of State aids from the support of individ-
ua companies or sectors to help with ‘horizontal objec-
tives of Community interest such asregional development,
employment, environment, research and training.

» Efficient and Integrated Financial Markets. This
includes the implementation of the Financial Services
Action Plan, of the Risk Capital Action Plan and tax provi-
sionsfor savings.
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» Macro-economic Policy Co-ordination:; Fiscal Consoli-
dation, Quality and Sustainability of Public Finances.
The Lisbon Conclusions stressed the opportunity provided
by growth for fiscal consolidation and improving the qual-
ity and sustainability of public finances. Therefore, it called
for a report by spring 2001 ‘on the contribution of public
finances to growth and employment’, and more particularly
‘for comparable dataand indicators asthe basisfor an eval-
uation of a number of ‘concrete measures' that might be
contemplated. What is at stake here is: the redirection of
public expenditures towards increasing the relative impor-
tance of both physical and human capital accumulation, sup-
port for research and development, innovation and informa:
tion technol ogies, combined with the restructuring of public
financesto make them more sustainablein the context of the
ageing process (Lisbon Conclusions op.cit. §22-23).

2. Stimulating the creation, absorption,
diffusion and exploitation of knowledge

* A European Area of Research and Innovation which
includesthe removal of remaining obstaclesto researchers
mobility, benchmarking of R& D policies of Member States
(e.g. through Innovation Scoreboards) and establishment of
aCommunity patent.

* Education and Training for Living and Working in the
Knowledge Society — As Europe’s path to the future is
through the creation of the knowledge-based society, the
aim should be to guarantee learning and training opportuni-
ties to three target groups: i) young people, ii) unemployed
adults, iii) and those in employment who face redundancy.
This domain is, however, primarily the responsibility of
Member States — the EU urged Member States to increase
per capitainvestment in human resources annually.

 Encouraging the Start-up and Development of Innova-
tive Businesses — Thisincludes benchmarking costs of set-
ting up new business in Member States, introduction of a
European Charter for Small Companies, continuing review
of EIB and EIF financia instruments ‘to redirect funding
towards support for business start-ups, high-tech firms,
micro-enterprises and other risk capital initiatives' (Lisbon
Conclusions op.cit. §14-15).

3. Better working conditions, better social
protection and cohesion

* More and Better Jobs: an Active Employment Policy —
The idea goes back to the Amsterdam Treaty and the Lux-
embourg Extraordinary Council of 20-21 November 1997.
Four key areas of concern areidentified: i) improvement of
employability and reduction of skill gaps, ii) introduction
of benchmarking on lifelong learning, iii) increase in
employment in services, iv) promotion of equal opportuni-
tiesin order to reconcile working and family life. Two tar-
gets were set in Lisbon:

—to raise the employment rate from an average of 61% in
2000 to as close as possible to 70% by 2010

—toincrease the number of women in employment from an
average of 51% in 2000 to more than 60% in 2010.

An Information Society for All which means that ‘every
citizen must be equipped with the skills needed to live and
work in this new information society’ (Lisbon Conclusions
op.cit. 88-11). Thisincludes liberalisation of telecommuni-
cations markets, internet access at schools, provision of low
cost, high speed interconnected networks for internet
access.

Modernising Social Protection — The ‘European social
model’ and its ‘ devel oped systems of social protection’ are
still non-negotiable. However, modernisation in favour of
‘an active welfare state’ isrequired if Europe isto meet the
new priorities of ‘long-term sustainability of social protec-
tion systems in the face of an ageing population, social
inclusion, gender equality and quality health services
(Lishon Conclusions op.cit. §31).

Promoting Social Inclusion — The most effective way of
combating social exclusion is seen to be in the creation of
jobs and more particularly effortsto ‘ open up new ways of
participating’ in the knowledge-based society (Lisbon Con-
clusions op.cit. §32-34).

A successful response to the challenge of globalisation needs
to beimplemented on awidefront, which isexactly what hap-
pened in Lisbon. Of course, agreeing on a wide spectrum of
policies is one thing; maintaining the momentum of this
meeting among Member States is another. Policy-making
processes in Europe take place in multi-actor, multi-level set-
tings; the principle of subsidiarity is enshrined in the Treaty
creating a highly decentralised system of decision-making.
The institutional innovation that was launched in Lisbon is
called the ‘new open method of co-ordination’ and was seen
as atool to achieve momentum by monitoring progress on a
continuous basis and at specified time intervals. The ‘new
open method of co-ordination’ also appears to be of crucia
importance in the context of the enlargement. What does this
method entail?

Introducing the ‘new open method of co-ordination’ at all
levelswas coupled with a stronger guiding and co-ordinating
role for the European Council to ensure more strategic direc-
tion and effective monitoring of progress. It was agreed that a
meeting of the European Council was to be held every spring
to monitor progress. The new open method of co-ordination
involves:

* Fixing guidelines for the Union combined with specific
timetables for achieving the goals which they set;

+ Establishing, where appropriate, quantitative and qualita-
tive indicators and benchmarks against the best in the world
and tailored to the needs of the different Member Statesand
sectors as ameans of comparing best practices,
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* Trandating these European guidelines into national and
regional policies by setting specific targets and adopting
measures, taking into account nationa and regiona differ-
ences,

* Periodic monitoring, evaluation and peer review organised
as mutual learning processes.

The Barcelona Council Meeting
(March 2002)

Ever sincethisdecision wastaken at Lisbon, the Spring meet-
ings of the European Council receive alot of media attention
and coverage. In thisrespect, the Barcelona Council deserves
specia mention. Held under the Spanish presidency on 15
and 16 March 2002, the Barcelona Council managed to insti-
tutionalise the ‘Lisbon process and took a large number of
practical decisions to implement the Lisbon strategy. The
European Commission’s Synthesis Report for the Barcelona
Spring Meeting features three prominent messages:

* Strong emphasis on the continuing validity of the Stability
and Growth Pact;

 An insistence on the need for progress towards all Lisbon
targets;

» Acall for focusin three priority areas (Employment; Con-
necting Europe and Connecting Markets; and Knowledge).

The strong emphasis put on the continuing vaidity of the Sta-
bility and Growth Pact confirms the European Commission’s
approach and line of thinking that a stable macro-economic
environment still representsthe best hope for stronger growth.
At the same time the macro-economic framework should
alow for investments considered crucia to bring about the
knowledge-based economy and society, such as investments
in education and training, research and development, innova-
tion and entrepreneurship. Therefore, the ten policy areas
agreed upon in Lisbon (presented here under three headings)
are still valid and Member States should continue to work on
their implementation. It was reconfirmed that the European
social model will remain valid, also after the EU’s enlarge-
ment, asan overal framework to achieve economic and socia
cohesion. However, three priority areas — already touched
upon at the previous European Council Spring meeting in
2001 in Stockholm® — deserve specia attention and more
focus. Of these three priority areas — dealing with employ-
ment, liberalisation of markets and knowledge — the last one
will be given more attention further here, given the focus of
this report on Science, Technology and Innovation.

At the Barcel ona Council meeting, thefailure of the European
higher education and research system to attract enough
people and investment, both from within Europe and world

wide was seen as the central problem for the creation of a
European ‘knowledge ared . Therefore, it represents also one
of the core obstacles to achieve the transition towards the
knowledge-based economy. In order to create atrue European
‘knowledge area’, more focus and action was needed on
encouraging:

* genuine mobility for all those involved in education,
research and innovation;

* the establishment of European networks and Centres of
Excellence in research and education (becoming reality in
the 6" Framework Programme);

+ enhancement of the dimension of lifelong learning asthisis
gtill not areality for most EU citizens;

* more private sector investments in research, from current
56% of GERD to 66% (two thirds) in 2010 (with a particu-
lar emphasis on life sciences & biotechnology and clean
technologies).

Together with education and innovation, research playsavital
role in the knowledge-based economy as already emphasised
by the incoming Commissioner for Research, Philippe
Busquin at the start of his mandate in 2000. However,
research activities at regional, national and European Union
level must be better integrated and co-ordinated to make them
as efficient and innovative as possible, and to ensure that
Europe offers attractive prospectsto its best brains. Commis-
sioner Busquin’'s view on Europe’s research policy entitled
the ‘European Research Area’ was endorsed at the Lisbon
Council Meeting. The European Research Area should be
considered a new landmark for Research and Technological
Development policy at EU level asit advocates a fundamen-
tal reshaping of relationships between ‘layers and players' in
the RTD landscape (Corvers, forthcoming 2003).

Theideaof the ERA centresaround an ingtitutional reshaping
to turn the EU into one ‘European Knowledge System’,
which functions as a true Single Market for research. It is
based on anew rationale for Community action in the area of
science and technology and on a new form of Commission
involvement in the management of European RTD policy.
The ERA thus intends to promote a more coherent overal
policy framework. It has “ the ambition of re-inventing the
European research landscape, in re-defining the roles of each
of the players (including public authorities and private oper-
ators) and re-configuring the processes and policies that
underpin the research effort in Europe” (Mitsos, 2001).

To move so many actors in such acomplex and decentralised
policy setting in a common direction requires clear targets,
which will allow monitoring. It was agreed at the Barcelona
Council meeting that Member States should strive to achieve
3% of GDPto be spent on research by 2010. According to the
latest available data, the level of spending is at 1.93% (EU

¥ The Spring meeting of the European Council in 2001 took place in Stockholm under the Swedish presidency on 23 and 24 March. ‘ Environment’,
‘Employment’ and ‘ Enlargement’ were set asthe three core topics of the Goteborg Council meeting that followed in July 2001 in order to focus the agenda

of the Member Sates.
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average in 2000). Two Member States, namely Sweden
(3.78%) and Finland (3.37%), already surpass the 3% target
level as well as some twenty regions, amongst which are
Braunschweig (6.34%) and Stuttgart (4.84%) in Germany,
and Midi-Pyrénées (3.73%) and Tle-de-France in France
(3.53%)." Germany, with 2.48% of GDP spent on research, is
already close to the 3%. Another target set at Barcelona was
that two thirds of this investment should come from business
—one of Europe’s weaknesses compared to the US. The cur-
rent EU level of business financed R&D is at 56.3% of total
R&D spending, compared to the US with 68.2% and Japan
with 72.4%."

The Lisbon process — viathe new open method of co-ordina-
tion — will be applied to monitor the progress made towards
these Barcelona objectives. In this process, indicators are
paramount to inform policy-makers whether they are on track
and to what extent they are (not). Developing a more sophis-
ticated system of RTD and innovation indicators, with more
up-to-date data, is paramount to design appropriate policies at
every level. Thisreport isintended to contribute to thisdevel-
opment. The next section will present some indicators
intended to assess the progress made in the transition to a
knowledge-based economy.

THE KNOWLEDGE-BASED ECONOMY:
HOW FAR ARE WE?

The Spring 2003 Report of the European Commission (Euro-
pean Commission, 2003d) assesses to what extent Europe is
on the right track as far as the transition to the knowledge-
based economy is concerned. According to its analysis, both
the level of overall investment in the transition to being a

knowledge-based economy and its growth rate are still sig-
nificantly lower in Europe than in the US and Japan. The
report particularly emphasises the weak contribution of the
private sector to the funding of research and the limited quan-
tity of human resources in science and technology (particu-
larly the low number of researchers). Whilethe other chapters
of this report analyse in detail the specific characteristics,
strengths and weaknesses of the European research systems
with regard to their investment and performance, the dataand
figures presented in this last section of chapter 1 give a gen-
eral aggregated overview of the investment and performance
of the European Union and its Member Statesin their transi-
tion to the knowledge-based economy.

Figure 1.12 shows the latest available composite indicator of
investment in the knowledge-based economy, which confirms
the observations to be included in the Spring 2003 Report. In
order to advance effectively towards the knowledge-based
economy, countries need to invest in both the creation and the
diffusion of new knowledge. The composite indicator of
investment in the knowledge-based economy addresses these
two crucia dimensions of investment. It includes key indica
tors relating to R& D effort (GERD per capita), highly skilled
human capital (total number of researchers per capita and
number of new S&T PhDs per capita), investment and parti-
cipation in education (educational spending per capita and
share of adult population participating in life-long learning),
modernisation of public services (e-government or part of
public services available on-line) and purchase of new capital
equipment that may contain new technology (gross fixed ca-
pital formation — excluding construction — per capita) (table
1.2). By aggregating these various types of investment into
one single measure, the composite indicator alows us to pro-
vide aquick overview of the overall rate of investment in the
knowl edge-based economy™.

Table 1.2 Component indicators for the composite indicator of investment
in the knowledge-based economy

Sub-indicators

Type of knowledge indicator

Total R&D expenditure per capita
Number of researchers per capita
New S&T PhDs per capita

Knowledge creation
Knowledge creation
Knowledge creation

Total Education Spending per capita

Knowledge creation and diffusion

Life-long learning
E-government

Gross fixed capital formation
(excluding construction)

Knowledge diffusion : human capital
Knowledge diffusion : information infrastructure
Knowledge diffusion : new embedded technology

Source: DG Research
Data:  Key Figures, 2002

Third European Report on S&T Indicators, 2003

" Member State and EU average: 2000; regional data: 1999; data source: EUROSTAT.

 Data: 2002; EU average does not include Luxembourg; data source: EUROSTAT

* Even though some components of thisindicator represent stocks, since most of these sub-indicators represent investment, overall it can still beinterpreted
asreflecting ‘overall investment rate’ in the knowl edge-based economy. For more details about the cal culation of the composite indicator and the weights

used, please refer to methodological annex to chapter 1.
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Figure 1.12 Composite indicator of investment in the knowledge-based economy. Relative
country positions in 1999 and annual growth rate 1995-1999 (EU-15 and Member States)

Investment level in 1999

All 7 sub-indicators were included for the investment level in 1999 (horizontal axis), but the indicator on e-government could not be
included in the comparison of the growth rates (no data available on e-government for 1995). L is not included (no data for most of
indicators). For more details about the calculations and methodology, see the methodological annex to Chapter 1.

Third European Report on S&T Indicators, 2003

Figure 1.12 shows on the horizontal axis the position of each
country as far as its investment level in 1999 is concerned,
compared to the European average and the other Member
States. On the vertica axis, it measures the extent to which
each country progressed between 1995 and 1999. The figure
is complemented by table 1.3, which alows a more detailed
analysis of the relative position and growth score of each
country for each component of the composite indicator. The
tableindicates for each sub-indicator to what extent the coun-
try deviatesfrom the EU average, both in terms of investment
level in 1999 and in terms of growth rate. In the text that fol-
lows, we first give a general description of the position and
growth of groups of countries and then continue with a more
thorough country-specific analysis of strengths and weak-
nesses for each sub-indicator.

Obviously there are different strategiesto facilitate the transi-
tion towards a knowledge-based economy. Some countries or
regions focus on the creation of new knowledge, whereas
others put more emphasis on the diffusion and acquisition of
competitive, new knowledge from abroad. Within the Euro-
pean Union, adistinction can be made between four groups of
countries, based on the efforts made during the period 1995
1999 to make a successful transition to a knowledge-based
economy.

» The Nordic countries Finland, Sweden and Denmark are
best prepared and are rapidly turning their economies into
knowledge-based economies. These countries not only

demonstrate high levels of investment at the end of the
1990s, they aso show an overall rate of investment growth
clearly above the European average. In 1999 all three coun-
tries had high levels of investment for nearly all types of
investment. Only capital formation in Finland and the
number of new S&T PhDs in Denmark are not above EU
average (table 1.3). During the second half of the 1990s
Sweden shows a high rate of growth for al components of
the investment, except for life-long learning (much lower
than average). Finland's investment growth is clearly
higher for amajority of domains, but not with regard to cap-
ital formation, educational spending and participation in
life-long learning, which are around the European average.
Denmark shows a strong growth rate in research expendi-
ture and educational spending and an average growth in
domains where the country already benefits from a high
investment level. One should pay some attention, however,
to the low rate of growth of the number of new S& T PhDs
(below EU average), a domain where Denmark does not
excel.

The second group consists of six countries: Austria, Bel-
gium, France, Germany, the Netherlands and the United
Kingdom. This group is characterised by an overal level
and growth of investment much closer to the European
average, although till slightly above it as regards the
investment level. However, investment patterns vary sig-
nificantly between the six countries, reflecting differences
in policy priorities and/or the nature of the innovation



EUROPEAN REPORT ON SCIENCE & TECHNOLOGY INDICATORS

Table 1.3 Composite indicator on investment: comparison of EU Member States with the European
average for each sub-indicator, for both the level in 1999 and the growth rate between 1995 and 1999

Total expenditure Human Capital Overall Investment Information Education Training
in R&D infrastructure
GERD New S&T PhDs Researchers Capital formation  e-government Educational Lifelong
per capita per capita per capita per capita spending/cap. learning
Level Growth Level Growth Level Growth Level Growth Level Growth Level Growth Level Growth
1999 1995-1999 1999 1995-1999 1999 1995-1999 1999 1995-1999 1999 1995-1999 1999 1995-1999 1999 1995-1999
DK + + 0 - ++ 0 ++ 0 ++ ++ + ++ 0
FIN ++ ++ ++ ++ ++ ++ - 0 ++ ++ 0 ++ 0
S ++ + ++ ++ ++ + + + ++ ++ + ++ -
A 0 ++ 0 + 0 ++ 0 0 - ++ 0 0 0
B 0 + 0 - + ++ ++ 0 -- ++ + 0 ++
D ++ 0 + 0 + 0 - 0 - 0 0 0 --
F 0 - + - 0 - 0 0 + + 0 - --
NL + 0 - -- 0 + ++ + -- + 0 + -
UK 0 - 0 + 0 0 0 - + 0 - ++ +
EL -- ++ -- ++ -- ++ -- ++ - -- ++ -- ++
IRL - + 0 ++ 0 ++ 0 ++ ++ 0 + 0 ++
P -- ++ -- ++ -- ++ 0 ++ + - ++ - --
E -- + - - -- ++ - + + -- + - +
| -- 0 -- -- -- -- + 0 - 0 - - +

++: well above EU average; +: above EU average; 0: close to EU average; -: below EU average; --: well below EU average

Source: DG Research
Data:  Eurostat, DG Information Society
Notes:

more than 3% above EU average; : means data non available

Since the indicator on e-government is not available for 1995, it could not be included in the comparison of the growth rates. L

is not included (no data for most of indicators).

For more details about the calculations and methodology, see the methodological annex to Chapter 1.

Investment level is based on standardised scores; deviation is expressed as number of standard deviations o from European aver-
age: - -: more than 10 below EU average; -: between 10 and /% o below EU average; 0: between ' o below and % o above EU
average; +: between % 0 and 10 above EU average; ++: more than 10 above EU average; : means data non available

Investment growth rate is based on average annual real growth rate (in %), deviation is expressed as the absolute difference
between country-specific growth rate and European average growth rate: - -: more than 3% below EU average; -: between 3%
and 1% below EU average; 0: between 1% below and 1% above EU average; +: between 1% and 3% above EU average; ++:

Third European Report on S&T Indicators, 2003

system. For instance, the somewhat higher investment
levels of France and the UK are due to good scoresin edu-
cational spending, e-government and new PhDsfor France,
and to participation in life-long learning and to e-govern-
ment for UK, whereas Germany shows a high investment
level in research expenditure per capitaand in human capi-
tal, but has much lower scores in all other fields. The
Netherlands and Belgium both have arelatively high level
of capital formation, educational spending (particularly
Belgium) and research expenditure (the Netherlands). The
higher investment level of Austria seems to be essentially
due to high educational spending.

During the second half of the 1990s Germany had an aver-
age rate of investment growth in all categories, negatively
affected, however, by very weak growth for participationin
life-long learning. France's investment growth is below
average for dl types of investment (particularly life-long
learning) except educational spending per capita (around
average). The growth pattern for the UK is not drastically
different, except when one considers the growing participa-
tion in life-long learning and the increase in the number of
new PhDs per capita. The somewhat higher pace of growth

for Austria was due to increased efforts in research expen-
diture and human capital, whereas growth for the Nether-
lands can be attributed for the major part to the growing
number of researchers and capital formation. Belgium had
arelatively high pace of growth for al types of investment
(particularly life-long learning and number of researchers),
except for capita formation (around average) and number
of new PhDs (below average).

A third group of three countries— Greece, Portugal and Ire-
land — demonstrates very high growth rates of investment,
even higher than those of the Nordic countries. Greece and
Portugal arein 1999 till below average in terms of invest-
ment level. For Greece, thisisdueto alow investment level
for al categories of investment; which is the case for Por-
tugal too, except for capital formation and e-government
(closeto or dlightly above average). However, these coun-
tries are catching up with the rest of Europe at a very rapid
pace. Moreover, their catch-up is due to strong growth for
al types of investment (with the exception of life-long
learning in Portugal, where growth scores between 1995
and 1999 remain clearly below average). Ireland, on the
other hand, is aready slightly above the European average
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level in 1999, thanks to the excellent position of this coun-
try with regard to e-government. The reason for the Irish
catching up liesin rapid growth in al types of investment
in the second half of the 1990s, especially in human capital,
capital formation and life-long learning.

A fourth group consists of two big southern European coun-

Europein the coming years. For Italy, on the other hand, the
situation should be taken seriously: the country indeed
combines alow level of investment with weak or average
growth scores for al types of investment (the only excep-
tion being the participation in life-long learning). For this
country it is becoming urgent to mobilise more resources

tries, Spain and Italy. They are both situated significantly for itstransition to the knowledge-based economy.

below the EU average as far as investment levels are con-
cerned. Italy demonstrates weak scores in all types of
investment, with the exception of capital formation
(dlightly above average) and educationa spending (around
average), whereas Spain hasin 1999 alow investment level
in all categories but e-government. However, Spain shows
an investment growth clearly above the European average,
which was possible through increased efforts in nearly all
components of the knowledge-based economy (the only
exception was the weak growth in the number of new
PhDs). If maintained, Spain’s investment behaviour might
alow the country to reach the same level as the rest of

Beyond this intra-European comparison, it is also very inter-
esting to compare the European Union, taken asawhole, with
its main competitors the US and Japan. Unfortunately, since
some data are not yet available for the US and Japan (con-
cerning e-government, educational spending and life-long
learning), such a comparison is so far only possible for four
out of seven components of the composite indicator. The
graph below thus shows a provisional version of the compos-
iteindicator oninvestment, whichisintended merely to better
assess the position of the European Union vis-a-vis the US
and Japan™.

Figure 1.13 Provisional composite indicator of investment in the knowledge-based
economy for comparison between the EU-15, Japan and US. Relative country positions
in 1999 and annual growth rate 1995-1999
12%
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8%
6% 2

¢ US

4%

Investment growth rate 1995-1999
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0%
-2 -1 0 1 2 3 4
Investment level in 1999

Source: DG Research
Data: Eurostat
Note: Only 4 sub-indicators were included for both the investment level in 1999 (horizontal axis) and the growth rates: R&D

expenditure (GERD per capita), PhDs (number of new S&T PhDs per capita), Researchers (number of researchers per capita)
and gross fixed capital formation (GFCF (excluding building) per capita). The three other sub-indicators (e-government,
educational spending and life-long-learning) are not available for the US and JP. L is not included (no data for most of indicators).
For more details about the calculations and methodology, see the methodological annex to Chapter 1.

Third European Report on S&T Indicators, 2003
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* The graph also shows the scores of the various Member Statesin order to illustrate the existence of wide disparities within the European Union, even to
the extent of individual Member countries approaching the scores of the US and Japan. It is worth noting that, despite substantial changes in the
composition of the compositeindicator, the groups remain unchanged in most cases (except for Denmark, which ‘leaves’ the group of the Nordic countries
and joinsthe ‘average’ group) in comparison with the previous graph. Thisis an indication for the relative robustness of the composite indicator.
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Table 1.4 Composite indicator on investment: comparison of the US and Japan with European average
for each sub-indicator, for both the level in 1999 and the growth rate between 1995 and 1999

Total expenditure Human Capital Overall
in R&D Investment
GERD per capita New S&T PhDs/cap. Researchers/cap. Capital
Formation/cap.
Level  Growth Level  Growth Level  Growth Level Growth
1999  1995-1999 1999 1995-1999 1999  1995-1999 1999 1995-1999
us ++ + - - ++ + ++ +
JP ++ 0 -- ++ ++ + ++ --

Source: DG Research
Data:  Eurostat
Notes: cf. table 1.3.

Chapter 1.

++: well above EU average; +: above EU average; O: close to EU average; -: below EU average; --: well below EU average

Only 4 sub-indicators were included; the three other sub-indicators (e-government, educational spending and life-long-learning)
are not available for the US and JP. For more details about the calculations and methodology, see the methodological annex to

Third European Report on S&T Indicators, 2003

Thefigures confirmthat the EU, asawhole, islagging behind
the USin terms of both investment level and growth. The US
has both ahigher level and growth rate for al types of invest-
ment. The only exception isthe number of new S& T PhDs per
capita, which at the end of the 1990s was clearly higher in
Europe than in the US and grew at a much faster pace in the
EU between 1995 and 1999. However, it will be demon-
strated —and further analysed — in chapter 4 of thisreport that
this higher production of human capital in Europe does not
trandate into a higher number of researchers per capita, since
asignificant number of European PhDs are not employed in
research functions or leave the European research system to
work abroad (‘brain drain’, generally towards the US). Japan
also has ahigher investment level than the EU-15 (except for
PhDs, but here it is catching up at a very rapid pace). It is
interesting to see that some Member States such as Sweden
have overall levels of investment and growth patterns compa-
rable to or even better than those of the US and Japan.

Beyond the low scores of — the mgjority of — European coun-
triesin terms of investment in the knowledge-based economy,
the Spring 2003 Report will also emphasi se some weaknesses

in terms of research outcomes and performance, particularly
with regard to technological performance. Indeed, investing
in the knowledge-based economy is only half the story. The
various components of investment in knowledge, as
described above, need to produce successful outcomes if a
good transition is to be realised. Productivity needs to be
maintained and improved but for this to happen, and for it to
be sustainable, there needs to be good performancein science
and technology, effective use of the information infrastruc-
ture and a well-performing education system (low dropout
rate). The second composite indicator, presented in the figure
1.14, regroups these four most important elements of the* per-
formancein the transition to the knowledge-based economy’.
By including overall productivity, scientific and technologi-
cal performance, usage of the information infrastructure
(e-commerce, or percentage of companies setting their prod-
ucts/services through electronic market places) and effective-
ness of the education system (table 1.5), it provides an
overview of the overal performance of the Union and its
Member States in their transition to the knowledge-based
economy”®.

Table 1.5 Component indicators for the composite indicator of performance
in the knowledge-based economy

Sub-indicators

Type of knowledge indicator

GDP per hour worked

European and US patents per capita
Scientific publications per capita
E-commerce

Scholling success rate

Productivity

S&T performance

S&T performance

Output of the information infrastructure
Effectiveness of the education system

Source: DG Research
Data:  Key Figures 2002

Third European Report on S&T Indicators, 2003

* For more details about the calculation of the composite indicator and the weights used, see the methodological annex to chapter 1.
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Performance growth rate 1995-1999

Data:
Note:

Source:

Figure 1.14 Composite indicator of performance in the transition to a knowledge-based economy.
Relative country positions in 1999 and annual growth rate 1995-1999 (EU-15 and Member States)
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DG Research
Eurostat, EPO, USPTO, ISI/CWTS, DG Information Society
All'5 sub-indicators were included for the performance level in 1999 (horizontal axis), but the indicator on e-commerce could
not be included in the comparison of the growth rates (no data available on e-commerce for 1995). The data for the UK's
schooling success rate are partial and not completely harmonised. To allow calculations, UK growth from 1995 to 1999 has
therefore been taken as 0, which may lead to a marginal underestimation overall of the performance growth for UK and
EU-15. For more details about the calculations and methodology, see methodological annex to Chapter 1.

Third European Report on S&T Indicators, 2003

Table 1.6 Composite indicator on performance: comparison of EU Member States with the European
average for each sub-indicator, for both the level in 1999 and the growth rate between 1995 and 1999

Overall Technological Scientific Information Effectiveness
Productivity Performance Performance Infrastructure Education
GDP per hour worked Patents Publications/cap. e-commerce Schooling success rate
Level Growth Level Growth Level Growth Level Growth Level Growth
1999  1995-1999 1999 1995-1999 1999 1995-1999 1999  1995-1999 1999 1995-1999

B ++ 0 0 0 + 0 - 0 0
DK 0 0 + - ++ 0 0 + -
D 0 0 ++ 0 0 + + 0 0
F + 0 0 - 0 0 - 0 0
IRL 0 ++ -- ++ - + + 0 0
L ++ ++ 0 ++ -- - + 0 ++
NL ++ 0 + ++ ++ - 0 0 0
A 0 + 0 - 0 + + + 0
FIN 0 0 ++ + ++ 0 + + 0
S 0 0 ++ ++ ++ 0 + ++ 0
UK - - 0 - ++ - ++ ++ :
EL -- + -- ++ -- ++ - 0 +
E -- 0 -- ++ - ++ -- -- +
| + 0 -- 0 - 0 - - +
P - + - 0 - ++ - : - -

Source:
Data:
Notes:

++: well above EU average; +: above EU average; 0: close to EU average; -: below EU average; --: well below EU average

DG Research
Eurostat, DG Information Society
cf. table 1.3.
Since the indicator on e-commerce is not available for 1995, it could not be included in the comparison of the growth rates. For
more details about the calculations and methodology, see the methodological annex to Chapter 1.
Third European Report on S&T Indicators, 2003
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Figure 1.14 shows on the horizontal axisthe relative position
of each country asfar asits performance level in 1999 is con-
cerned, compared to the European average and the other
Member States. On the vertical axis, it gives the progress
madein this area between 1995 and 1999. Table 1.6 showsfor
each component of the overall performance indicator to what
extent aMember State deviates from the EU average, both in
terms of performance level in 1999 and growth rate. This
alows a detailed analysis of country-specific strengths and
weaknesses for each sub-indicator to be undertaken.

Within the European Union, the indicator again shows that it
is possible to follow different strategies. Luxembourg, for
instance, has the highest performance level and growth rate,
athough it invests much less than other countries in knowl-
edge creation. Thanks to successful specialisation in some
sectors of the economy (especially banking and genera busi-
ness services), it apparently succeeds in attracting highly
skilled manpower and generating activities with high value
added. Therefore, the high score of this country is essentially
dueto the very high level and growth of its GDP. Apart from
the case of Luxembourg, a distinction can be made between
two large groups of countriesin terms of their performancein
moving towards the knowledge-based economy. However,
the differences here are much less marked than they were for
investment.

* A broad group of 10 countries consisting of Austria, Bel-
gium, Denmark, Finland, France, Germany, Ireland, the

Netherlands, the UK and Sweden is quite close to the Euro-
pean average in terms of performance level and growth
rate. The good position of Finland and Sweden is princi-
pally due to the strong scientific and technological perfor-
mance of these countries during the 1990s, and, to a lesser
extent, to their high schooling successrate and e-commerce
development. Ireland has arelatively higher rate of growth
during the second half of the nineties, thanks to a rapid
increase in overall productivity and technological perfor-
mance, and to a lesser extent, in scientific performance,
which allows it to approach the EU average by the end of
the decade. The UK, on the other hand, is characterised by
low growth rates, which can be explained by the weak
scores in productivity growth, scientific and technological
performance, whereas France has particularly low growth
rates in technological performance.

The second group consists of four countries: Greece, Italy,
Portugal and Spain. This group is lagging behind the EU
average in terms of performance level a the end of the
1990s with arate of growth around the EU average. These
countries demonstrate weak performance level in nearly al
components of the indicator (the only exceptions are aver-
age schooling success rates for Greece and above average
productivity for Italy). Greece and Spain show rapid
progress in scientific and technological performance,
which is aso the case, although to a lesser extent, for Por-
tugal. Italy had average growth ratesin all components of

10%
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7% IRL
6%
5%
4% EL

3%

Performance growth rate 1995-1999
=

2%

1%

0%
-2 -1 0

Source: DG Research
Data: Eurostat, EPO, USPTO, ISI/CWTS

Figure 1.15 Provisional composite indicator of performance in the transition to a knowledge-based
economy for comparison between the EU-15, Japan and US. Relative country positions in
1999 and annual growth rate 1995-1999

Performance level in 1999

Note: Only 3 sub-indicators were included for both the performance level in 1999 (horizontal axis) and the growth rates: overall
productivity (GDP per hour worked), patents (share of EPO and USPTO patents) and scientific publications per capita. No data
available on e-commerce and schooling success rate for the US and Japan. The data for the UK’s schooling success rate are
partial and not completely harmonised. To allow calculations, UK growth from 1995 to 1999 has therefore been taken as 0,
which may lead to a marginal underestimation overall of the performance growth for UK and EU-15. For more details about
the calculations and methodology, see the methodological annex to Chapter 1.

Third European Report on S&T Indicators, 2003
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the performance indicator (except for the above average
schooling success rate). Greece's somewhat higher growth
rate in overall performance might be a positive conse-
quence of the increased efforts of this country during the
1990s. On the other hand, Portugal’s significant increase in
investment, as already mentioned, has not yet been con-
verted into clear effects on the aggregated level, although
the country showsimpressive growth scoresin terms of sci-
entific performance and productivity growth dightly above
average. It isimportant to recognise, however, that thereis

always a time-lag between making an investment and
observing its effects.

Similarly to the indicator on investment, a comparison
between the European Union, Japan and the USis so far only
possible for some of the components of the compositeindica
tor. The comparative results presented in figure 1.15 regroup
three out of five indicator components, since it was impossi-
ble to integrate data on e-commerce and schooling success
rates for the US and Japan™.

Table 1.7 Composite indicator on performance: comparison of the US and Japan with European
average for each sub-indicator for both the level in 1999 and the growth rate between
1995 and 1999

Overall Productivity

Technological Performance

Scientific Performance

GDP per hour worked Patents Publications/cap.
Level  Growth Level  Growth Level  Growth
1999  1995-1999 1999 1995-1999 1999  1995-1999
us 1 0 0 --
JP -- 0 0

DG Research
Eurostat, DG Information Society
cf. table 1.3.

Source:
Data:
Notes:
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++: well above EU average; +: above EU average; 0: close to EU average; -: below EU average; --: well below EU average

Only 3 sub-indicators were included; the two other sub-indicators (e-commerce and schooling success rate) are not available for
the US and JP. For more details about the calculations and methodology, see the methodological annex to Chapter 1.

Third European Report on S&T Indicators, 2003

In the aggregate, the EU islagging behind the US in terms of
performance level, even if seven European countries demon-
strate in 1999 comparable or even better positions than the
US. However, in the second half of the nineties the mgjority
of European countries managed to improve their performance
level at amore rapid pace than the US, since the performance
growth rates of all European countries except the UK, Italy
and Spain were higher than the US ones. Nevertheless, this
higher growth is till not sufficient to eliminate the existing
gap between the EU and the US in the short-term, and cer-
tainly not by 2010. To avoid this, it is necessary not only to
increase the size of investment made in the knowledge-based
economy, but also to improve the way it is allocated and
implemented.

The Spring 2003 Report will recognise and emphasise these
findings. Therefore, it will pay special attention to research,
knowledge and innovation, and will encourage Member
States, despite current national budgetary constraints, ‘to
create or improve the conditions for more public and private
investment in education, research and the knowledge econ-
omy' (Spring Report 2003). One of its main priorities for the
coming monthslinksinvestment to performancein thetransi-
tion to the knowledge-based economy, by recommending that
‘aboost [should be] givento knowledge and innovation’. This
means ‘supporting entrepreneurship, promoting knowledge
industries and the diffusion of new ideas, technologies and
services', which must be underpinned by ‘effective and
increased investment in education, life-long learning and
research’ (Spring Report 2003).

** The non availability of those data gives components as scientific and technological performance a higher weights within the composite indicator, which

explains some changes compared to the previous figure.
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CONCLUSIONS

This introductory chapter has outlined the main challenges
that Europe will facein the coming years. A policy of growth,
based on the intensive development of intangible investment,
is necessary not only to ensure sustainable macro-economic
stability and improve competitiveness, but also to meet the
needs of the emerging knowledge-based economy and to
respond to the challenges of the ageing popul ation. Moreover,
these demographic, economic and socia challenges are not
isolated problemsbut areinterrelated in their nature, and need
therefore to be tackled through co-ordinated and well-bal-
anced policies. The Lisbon strategy outlined an integrated set
of policies, measures and actions that can raise Europe’s per-
formance by accelerating the transition to the knowledge-
based economy, while preserving — and modernising —
Europe’s unique socia welfare model and decoupling eco-
nomic growth from environmental damage.

At the core of this strategy isthe stimulation of the transition
to a knowledge-based economy. In this matter, however, the
latest available data presented in this chapter should be taken
serioudy, since they show in various aspects of the transition
an increasing gap between Europe and its main competitors.
At the beginning of this century, the European Union is lag-
ging behind the US and Japan. Moreover, the observed
growth rates will not allow Europe to catch up rapidly, cer-
tainly not by 2010. While this general observation hides sig-
nificant disparities between Member States with some coun-
tries needing to make much larger efforts than others, it is
crucia for al of them not only to increase the volume of
investment made in the knowledge-based economy, but also
to improve the way it is alocated and implemented.

Investing more and better in the transition to a knowledge-
based economy requires more efforts from everyone. As far
as policy-makers are concerned, it calls for aclearer, stronger
commitment towards a better and more efficient co-ordina-
tion of policies at three different levels. Firstly, there is the
requirement of a good co-ordination between macro-eco-
nomic policies on the one hand and structural policies (par-
ticularly education, research, innovation and employment) on
the other hand. As this chapter has demonstrated, monetary
and budgetary stability is necessary to ensure sustainable
economic growth, but is on its own not sufficient to generate
long-term economic growth. Therefore, it has to be comple-
mented and well balanced with active education, research,
innovation and employment policies, which promote the
accumulation of human capital, technological progress and
innovation, sources of future competitiveness, economic
growth and jobs creation.

Secondly, it means also a better co-ordination between struc-
tural policiesthemselves. For instance, it does not make sense
to treat the research system as separate from the education
system or from employment policies. Recently, at the
Barcelona Council of March 2002, an increase in R&D
investment approaching 3% of GDP by 2010 was agreed

upon as one of the strategic objectives (in 2000 current spend-
ing was at 1.93% for the EU-15 against 2.69% in the US and
2.98% in Japan). Two thirds of this increased investment
should be made by the private sector through increased
research efforts (in 2000 current industry-financed R&D was
at 56.3% of total R& D spending in Europe, against 68.2% in
the US and 72.4% in Japan). However, increasing the level of
R&D investment makes little sense if the research system
does not have enough highly qualified research scientists at
its disposal, or if it cannot attract enough good researchers
and guarantee them greater mobility. In other words, acorrect
matching of these policies (research, education and employ-
ment) is necessary in order to deliver converging impacts.
Moreover, public policies must take concrete stepsto provide
business with an environment that encourages and facilitates
R& D activitiesand the transfer of knowledge into marketable
products and services. For instance, alleviating the adminis-
trative burden and the cost of patenting in Europe (through
the creation of aunique ' Community Patent’) might certainly
contribute to this godl. In a broader context, this requires a
new, better look at the economic, social and fiscal factors that
influence company decisions with regard to investment in
research and innovation. Unavoidably, it also calls for an
improvement in the way in which research and innovation
policies are matched and co-ordinated with other government
policies, in particular industrial and competition palicy.

Thirdly, it also requires better co-ordination of policies at the
regional, national and international levels with regard to sci-
entific and technological research. Better co-ordination here
means finding the right balance between regional and
national specific characteristics on the one hand, and the
common interest on the other hand (scale effects). Strongly
linked to this is the initiative to create a true “European
Research Area’( ERA) launched by Commissioner Philippe
Busquinin 2000. The ERA aims at a coherent restructuring of
the Europe research systems through greater co-ordination
and co-operation in order to turn them into one true ‘Single
Market for Research’. In the context of abetter ‘vertica’ inte-
gration of research policies, one should mention the emer-
gence of “benchmarking” of research policies — of which
indicators are an important component — as one of the tools
for implementing the new “open method of co-ordination” of
policies which was established at the Lisbon summit in
March 2000. From a theoretical point of view, the need for
better co-ordination of policiesis strongly linked to the con-
cept of system of innovation, whichisused extensively in this
report and defined in the introduction of Part |. According to
thismodel, policies need to both takeinto account the specific
characteristics of the local context and to detect systemic
imperfections. A first step towards identifying systemic fail-
ures is benchmarking.

In this context, monitoring the progress made in the various
fields of Europe’s research systems and detecting their
strengths and weaknesses through reliable indicators is obvi-
oudly of crucial importance. Thisisone of the key aimsof this
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report. The following chapters present the latest and most
reliable data on investment in and performance of European
research, and compare the position of Europe in these matters
with itsmain competitors, Japan and the US. It consists of two
main parts:

¢ Part | dedswith ‘input indicators' of research in three dif-
ferent chapters. Chapter 2 analyses overall investment in
R& D and the level and characteristics of the public contri-
bution herein. Chapter 3 goes on to present investment in
R& D, undertaken by business enterprises. Finally, in chap-
ter 4 human resources in Science and Technology (gradu-
ates and PhDs in science and technology, researchers) are
analysed.

o Part Il presents the ‘output-indicators’, providing a broad
overview of Europe's scientific and technological perfor-
mance compared with the rest of the world. Chapter 5 deals
with the latest data on scientific performance (publications,
citations, Nobel prizes), while chapter 6 analyses patents
and high-tech trade. The importance and evolution of so-
called ‘key technologies' (biotechnology, nanotechnol ogy)
and the structure of linkages between science and technol-
ogy are also explored in a dedicated dossier.
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PART I - INVESTMENT IN KNOWLEDGE PRODUCTION, DISSEMINATION AND ABSORPTION

In the first chapter of this Report, it has been argued that the
European Union isevolving into a post-industrial and knowl-
edge-based society, just as two centuries ago Europe evolved
froman agrarian into anindustrial society. Productionisshift-
ing steadily from material and labour intensive products and
processes to knowledge intensive ones. In this context, the
key strategic resource for future prosperity has become
knowledge itself. Knowledge-based societies and economies
are based on the production, distribution and use of knowl-
edge. Therefore, economic growth depends directly on
investment in knowledge that increases the productive capac-
ity of traditional factors of production, i. e. knowledge and
resulting innovations raise the returns on and the accumula-
tion of other types of investment

But what precisely isknowledge? It isnecessary to morefully
define thisand related complex concepts—such asthat of sys-
tems of innovation — as repeated references will be made to
them further on in thisreport.

Knowledge is inexhaustible. As such it differs from natural
resources such as coal, iron and ail, the driving forces behind
earlier economic transformations. The more knowledge is
used, the more it multiplies and expands.

But knowledge is not accessible to all. It can be absorbed,
applied and transmitted only by educated minds. Therefore, as
societies and economies become more knowledge-intensive, it
a'so becomes more important than ever to invest in structures
that help absorb existing and develop new knowledge.

There exist different kinds of knowledge. Knowledge is cre-
ated by multiple actors through multiple activities and there-
fore comesin multiple forms. Essentially, knowledgeis more
than information, which ismerely one specific kind of knowl-
edge, namely codified knowledge that exists independently
from individuals. Knowledge in a broader sense, however,
also includes the capability to treat and understand data and
information.

The kinds of knowledge that are required in the knowledge-
based economy and the innovation processvary and comprise
for instance technological and scientific knowledge, educa-
tion, information processing and organisational knowledge.
These types of knowledge can take various forms such as
embodied knowledge (in human beings or equipment) or dis-
embodied knowledge (in articles, blueprints, patents, soft-
ware and databases).

A further important and interesting distinction is between
tacit knowledge (skills, competencies, routines) and codified
knowledge. This distinction has far-reaching consequences
for the production and dissemination of knowledge. Tacit

knowledge is acquired through experience (learning, produc-
ing, researching) and consists of the accumulation of human
skills and techniques. Tacit knowledge cannot be transferred
easly and is therefore a valuable asset for both the provider
and the recipient. Tacit knowledge can be codified but this
depends on the pecuniary and non-pecuniary reward systems
and the costs of codification. Codified scientific and techno-
logical information, on the other hand, is a so-caled “non-
rival public good” (and is partly non-excludable), which
raises the problem of its optimal use (David & Foray, 1995;
Dasgupta & David, 1994)".

Thewhole of knowledge relevant for innovation constitutesthe
so-called knowledge base, i.e. the knowledge needed for inno-
vationsresiding in and generated by formal R& D systems, edu-
cation and training systems, and economic routines. The
knowledge base comprises three relevant production areas.

* the genera scientific knowledge base;
¢ public industrial knowledge;
* knowledge of aparticular firm.

Asfar asthe knowledge base is concerned what isfirst of all
important are existing stocks of knowledge, and their utilisa-
tion and distribution (accessibility/transferability, Edquist
1997°). Inthis sense, the concept of the knowledge base needs
to be further developed to include the distribution power of a
knowledge system and its openness (international spill-
overs). In addition to interna interaction effects, succesful
innovation also depends on complementary inputs from other
markets — such as financial and labour markets, institu-
tional/regulatory conditions (IPR, competition rules, entre-
preneurial culture, etc.) and — considered as crucial — educa
tion and training of human resources.

Then of coursethe challengeistoincreasethe stock of knowl-
edge further through knowledge creation. The current view of
innovation in aknowledge-based economy isthat knowledge
creation depends very much on interaction effects between
different kinds of knowledge. Thisinteractive model of inno-
vation process or so-called ‘chain-link model’ stresses the
interactions and diffusion of knowledge flows (continuous
interactions and feedback, linkages between upstream and
downstream research, external feedback between science,
technology and process phases of development, see Kline &
Rosenberg, 1986)°. Consequently, as firms do not innovate in
isolation but in co-operation and interaction with other organ-
isations the final innovation output is an outcome of knowl-
edge investment and of interdependencies and interactions
between the various (market and non-market) institutions of
the innovation system (for example Edquist, 1997, Metcalfe,
1995°).

' David, Pand Foray, D. (1995),  Accessing and Expanding the Science and Technol ogy Knowledge Base', STI Review, 16, pp. 16-38. Dasgupta, P. & David,
P. (1994) ‘ Toward a new economics of science’ in Research Policy, 23, pp. 487-521.

? Edquist, Ch. (1997) Systems of innovation. Technol ogies institutions and organisations, Pinter, London.

® Kline, SJ. and Rosenberg, N. (1986). The Positive Sum Strategy, Harnessing Technology for Economic Growth " An Overview of Innovation”, National

Academy Press, Washington D.C., US

“ Metcalfe, J. S. (1995), ‘ The Economic Foundations of Technology Policy: Equilibriumand Evolutionary Perspectives , in: Soneman, P. (1995), Handbook

of Economics and Innovation, Oxford-Cambridge, pp. 409-512.
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Investment in efficient educational and training systems is
important in order to make use of existing stocks of know-
ledge and for knowledge creation. Firstly, well-developed
and effective education systems produce the researchers
needed to create new knowledge as a basis for future compe-
titiveness. Secondly, having alarge base of well-educated and
well-trained people is important for the availability of
“absorptive capacity”. Thisiscrucia for the diffusion of new
knowledge and its transformation into innovations that may
create economic growth and welfare. Moreover, in an era of
greatly increasing globalisation and even more intensive
competition, well-educated people and thus a high level of
absorptive capacity are key to facing the challenges of rapidly
evolving economies. In other words, and following the for-

mulation of the Lisbon European Council in March 2000, the
advance towards a knowledge-based economy must be sup-
ported by a process of accumulation of scientific and techni-
cal skills, as well as by a general upgrading of the human
resources in the EU.

Thus the transition towards a knowledge-based society and
economy depends essential ly oninvestment in knowledge, its
quality, and its dissemination. The following table servesasa
guiding map of the varioustypes of knowledgeinvestment (in
broad sense) and their measurement that are analysed in the
underlying chapter. Evidently, the coverage of the knowledge
investment is limited by the availability of data and our pre-
sent conceptual understanding about the knowledge-based
economy.

Types of knowledge, generation and investment

Type of o )
Institution/actor Generation Investment
knowledge
Universities R&D expenditure in universities
Scientific Puk?llc ' Public sector research activities R&D expenditure in public research institutes
knowledge Research institutes
Busms;ssector Business sector research activities R&D expenditure in business sector
Busmgss s ctor Business sector research activities R&D expenditure in business sector
R&D in firms
Business sector research Business sector research activities R&D expenditure in business
In research institutes in industrial research institutes sector research institutes
ez gl Public .sect.or Public sector research activities R&D expenditure in public research institutes
knowledge Research institutes
Universities University research activities R&D expenditure in universities
A _R&D in emirgi’ng . Research and development Venture capital in seed stage
usiness sector (spin-offs . s
b in emerging firms . . L

business creation) ging Financial support for emerging firms (HT and KIS)

Business sector Business sector resea}r.ch and R&D expenditure in business sector

development activities
Business sector’s complementa CIS: market introduction of innovation, training

Innovations P vy linked to innovation, industrial design, extra-mural R&D

Business sector,
Emerging business sector

intangible assets

Venture capital in seed, start-up and expansion phase

R&D activities related to the
commercialisation of innovations

Venture capital in seed phase

Universities

Higher education

Investment in higher education

Universities

Scientific education

Investment in university, education and research

Human capital
Research activities

(public — business sector)

Research activities

Investment in public
sector research

High School Education Investment in education
High School Education Investment in education
Skills/ Business sector Training Investment intra-firm education
competences Professional courses Life-long learning Investment professional training
Industrial and scientific Learnina-by-doin Emplovment
production 9y 9 Py
Use/Access to ICT/information :
o i P Investment in ICT hardware
ICT/ ' ICTllndustry in S I
Information Business sector -
Networks Investment in ICT software
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PART I - INVESTMENT IN KNOWLEDGE PRODUCTION, DISSEMINATION AND ABSORPTION

The insight that the productive use of knowledge, as well as
knowledge creation, depend on interaction effects between
multiple actors - the inherent assumption being that innova-
tion requires an institutional innovation infrastructure —
brings us to the concept of systems of innovation.

Systems of innovation were originally conceived of as
national . The concept originated in the 19" century Germany,
and subsequently became underrated, but it has recently come
to thefore once more. It generally approachesinnovation asa
system-event and specifically analyses the interrelations and
interactions between all institutions and organisations which
at the national level occupy themselves with innovation or
influenceit (government, universities, public research organ-
isations, industrial laboratories, financing mechanisms, for-
eign partners). (Edquist, 1997)

Theidea of anational innovation system goes back at least to
the conception of Friedrich List of the national system of
political economy in 1841. List was at that time concerned
with the fact that Germany was underdevel oped in relation to
Great Britain and he wondered how Germany would be able
to overtake Great Britain. To that end he advocated the pro-
tection of infant industries aswell asabroad range of policies
designed to enable and accelerate industrialisation and eco-
nomic growth. He was very much aware of, among other
things, the importance of knowledge accumulation compared
to physical capital investment (or so-called intangible versus
tangible investment), of forging links between science and
education, of importing and diffusing foreign knowledge
compared to stimulating domestic knowledge devel opment
and of the role of government.

The success of R&D lab driven technological development
during the First and Second World Wars undermined the use
of the concept of IS. Innovation was now seen as pushed by
technology (‘technology-push model’). A so-called linear
model of innovation was conceived: R&D leadstoinnovation
leads to diffusion leads to economic growth. But in the post-
WWII period, evidence accumulated that innovation is due
not only to technology developed in R&D labs but also to
overall education and training levels, production processes,
engineering, design, and quality control, and that innovation
does not by itself lead to economic growth but that diffusion
and socia innovation are also required for that, all of which
assumesthat awell performing national innovation systemis
in place.

The concept of system of innovation is used extensively in
this report because it offers a number of valuable insights
with real and tangible policy implications. We mention just
two of thoseinsights here. A first oneisthat the use of knowl-
edge and knowledge creation are context-related and interac-
tive. This means that policy, to be effective, should focus on
the specifics of every system. Palicies have to be tailored to
specific sectors and devel op competencies that are specific to
the local or regional context. Another insight is that policy
should focus on removing systemic imperfections. A first step

towards identifying and resolving these systemic failures is
benchmarking.

Even though systems of innovation were originally conceived
of as national, recently more and more attention is being paid
to on the one hand their regional and sub-regional dimensions
(e.g. clusters) aswell astheir international dimension.

In Europe, the European Commission has played an impor-
tant role in strengthening the international character of the
systems of innovation through the promotion of cross-border
research projects, mobility of researchers, and international
benchmarking. It will continue to do so through the concept
and tool of the European Research Area. Some of the results
that have been accomplished thus far and some of the chal-
lenges that till have to be overcome are spelled out in this
report.

Outline of Chapter 2, 3 and 4

The different elements of investment in knowledge will be
analysed in the following three chapters. The first two chap-
ters concentrate on public and privateinvestment in R&D, the
third on the human resourcesin S&T.

Chapter 2 starts with the overall investment in R&D by
analysing the gross expenditure on R&D (GERD) in detall. It
will provide a comparison of world regions, investment gaps,
R&D intensities and trends of overall R&D investment. The
section gives also agood overview of the public and the private
share in the investment figures. In the following sections the
public financia contribution to R& D will be analysed in detail.
In addition, the government expenditure on R&D (GOVERD)
and the higher education expenditure on R&D (HERD) are
examined. In Dosser |, figures on Government Budget Appro-
priations for R&D (GBAORD) will be analysed in order to
complete the picture of public investment in R&.D.

Chapter 3 deals with the private investment in R&D, under-
taken by business enterprises. The analyses on the business
expenditure on R&D (BERD) will be supplemented by two
important options of private investment in R&D: company
mergers & acquisitions and venture capital. A dossier on
‘spin-offs follows at the end of Chapter 3.

In Chapter 4, human resourcesin S& T as an important input
in the knowledge production are analysed. The first section
presents researchers, R&D personnel and university gradu-
atesin science and engineering (S& E) asthe key indicators of
human resourcesin S&T. The second section presents poten-
tial shortfalls in the future. In the following three sections
investment in education, the attraction of researchers from
abroad and the encouragement of women into S&T are dis-
cussed in order to show possible starting points to meet the
shortage problems. A dossier on ‘“Women in Science’ follows
at the end of Chapter 4, which presents some indicators and
concepts of measurement of differences in S& T due to
gender.
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Investment in Science, Technology and New Knowledge

This chapter examines and compares the development of
research financing and expenditure on research and devel op-
ment (R&D) inthe EU, the US and Japan. It focuses on trends
in R&D related activities especialy since the mid-1990s.

Section 1 offers a general overview and examines trends in
the overall levels of financing of and expenditure on R&D in
the EU, the US and Japan, as well as across the EU over the
past decade. Possible scenarios for growth of R&D expendi-
tures until 2010 are also presented and discussed.

Section 2 takes a closer look at the role of the government
sector as a financier of R&D and as an important player
within a national innovation system. The changing role of
government in R&D is discussed, and the volume and trends
of government-financed R& D are examined.

Section 3 investigates the role of government research labo-
ratories as R&D performers and analyses recent develop-
mentsin R&D expenditure by government. In addition, R& D
performance by government is reviewed by providing a
closer analysis of European public research institutes.

Section 4 describes the changes, and also certain challenges
of the higher education sector, before providing data for this
sector. Finally, asummary and conclusions of the entire chap-
ter are presented.

SECTION | TRENDS IN R&D INVESTMENT

Investment in knowledge creation and its production is one of
the prime concerns of policy-makers. Investments can be
analysed from different angles. Firgt, there is the question
concerning amounts spent, in terms of gross domestic prod-
uct (GDP), in real terms, growth rates and so on. The second
question is who invests? In general, a distinction is made
between public and private investment, but even here, amore
detailed analysisisfeasible. The final question relatesto pro-
duction and performance: where does the R&D work take
place? Each of these rather complex issues will be addressed
in this chapter.

1. Development of total financial
resources devoted to R&D

Average levels of R&D expenditure are
lower in the EU than in the US and Japan

Trends in the volume of R&D expenditures have varied
considerably in the EU area during the past couple of
decades. In the 1980s, the volume of research funding and
R&D intensity both showed an upward trend in the EU
countries. In real terms, R& D expenditure increased on
average by 4% a year between 1981 and 1991. The corre-
sponding figures for the US and Japan were 4.3% and
6.9%, respectively.

In 1991, therea growth of R& D expenditure funding slowed
inthe EU area. This phase of stagnation lasted for four years,
followed by slow growth in 1996 and 1997. In the period
from 1991 to 1997, expenditure on R&D in the EU increased
by amere 0.7%. In the US and Japan, the stagnation of R& D
resources lasted only from 1992 to 1994. Belgium, Ireland,
Denmark and Sweden were the only EU countries where real
R& D expenditures continued their more or less upward trend
throughout the 1990s.

Figure 2.1.1 shows the volume of gross domestic expenditure
on R&D (GERD) in the EU, the US and Japan in 1991, 1995
and 2000. The most notable change in the first haf of the
decade took placein the US, where expenditure on R&D was
increased by Purchasing Power Standards (PPS') 7 billion. At

a
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the same time, R&D expenditure was relatively stablein the
EU and Japan.

In 2000, the EU countries allocated an estimated PPS 141 bil-
lionto R&D (164 hillion euro, in current terms). Thefigurewas
10% higher thanin 1998, and almost 4% higher than the previ-
ous year. Thus, the latest development in R&D expenditurein
the EU has been more favourable, following severa years of
rather level investment. In 2000, the volumes of R&D expen-
diture for the US and Japan were PPS 226 hillion (288 hillion
euro) and PPS 84 hillion (154 billion euro), respectively.

In spite of thefavourable growth ratesof R& D investmentinthe
EU over the past few years, the relative position of the EU com-
pared to the US weakened throughout the 1990s. The negative
trend for the EU becomes clear when the absolute volume of
total R&D financing of the EU is compared to that of the US.

Figure 2.1.2 shows the evolution of the absol ute gap between
the EU and the US over the past decade. This gap haswidened
continuously, especially since 1994. The difference in
absolute terms is an important issue because of the cumula
tive nature of knowledge production. Since R&D is at the
heart of knowledge production, the increasing difference in
R& D investment between the EU and the US trandatesinto a

widening gap in the accumulation of economically useful
knowledge and innovation potential. This has obvious impli-
cations for competitiveness.

Intheearlier part of the 1990s, the EU managed to an extent
to stabilise the R& D investment gap with the US. In 1994,
however, the narrowest gap still accounted for PPS 44 bil-
lion (figure 2.1.2). This has nearly doubled since the mid-
1990s. Whilein 1991 the EU had invested 28% lessin R& D
than the US, by 2000 the difference already amounted to
38%. The investment gap between the EU and the US was
some PPS 86 billionin 2000. The pictureisless bleak when
the EU is compared to Japan. Since 1997, the gap has
increased significantly infavour of the EU. In 2000, the dif-
ference was a record PPS 59 hillion.

Figure2.1.3 showsreal growth rates of R& D expenditure, i.e.
R&D performance, over the two consecutive periods — in
1991-1995 and 1995-1999 —in the EU, the US and Japan. It
also compares growth ratesfor the following four distinct EU
country groups:

(1) A group comprising the four largest economiesand R&D
financiersin the EU (EU-4 — Germany, France, Italy, the
United Kingdom);
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Figure 2.1.2 Absolute gap in R&D investments between the EU-15 (1) and the US is growing
(PPS billion, at 1995 prices)
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(2) EU countries other than the four biggest economies listed
above and Luxembourg (EU-10);

(3) The Nordic EU countries (Denmark, Finland, Sweden);

(4) A group of EU countriesthat allocate theleast to R&D in
volume terms (Greece, Ireland, Portugal).

In the 19911995 period, the rates of growth for the EU, the
US and Japan were at a markedly low level, and also fairly
similar (figure 2.1.3). For the four main EU economies, the
growth rate was negative. However, the situation changed in
the 1995-1999 period. The latter part of the decade saw more
positive growth rates for R&D expenditure than the earlier
part with the figures for the three major economic blocs being
substantially higher.

However, compared to the US growth (25%) over the period
1995-1999, the real increase in R&D expenditure in the EU
and Japan was clearly smaler, i.e. below 15%. This trend
implies that the gaps in R&D expenditure between the US,
the EU and Japan not only started to widen, but also — some-
what alarmingly — did so with increasing speed during the
latter part of the 1990s.

The comparatively weak development in R& D expenditurein
the EU was mainly due to slow growth in the largest EU
economies (negative growth in 1991-1995, and 10% in
1995-1999 for EU-4). Throughout the 1990s, the growth
rates for both the Nordic countries and countries with arela-

tively low volume of R&D were higher than those of the
others.

The annual real growth rate of R&D expenditure for individ-
ual countries in 1995-1999 is shown in figure 2.1.4. The
highest growth rates were recorded for Finland (on average
14% per year), Greece (12%) and Portugal (11%). The
growth rates for these three countries are somewhat different
from those of the others. Compared to the figure for the US
(6%), the relative rate of growth in R&D expenditure was
slower in all the mgjor EU economies.

In the UK, France and Italy, the annual real growth in R&D
expenditure was low, at 1.2-2.0% (figure 2.1.4). Of the main
EU economies, only Germany managed a growth rate above
the EU average. However, since 1999, both France and the
UK have shown signs of recovery and made efforts to com-
pensate — at least partially — for lower investments earlier in
the decade. This is in contrast with Italy, where the real
expenditure on R&D in the late 1990s was some 5% lower
than at the beginning of the decade.

In the second half of the 1990s, most countries experienced
average annual growth rates that were higher than those for
thefirst half of the decade. The only exceptions were Ireland,
Sweden and the UK, which showed declining growth ratesin
the latter part of the decade. In spite of this, the growth rates
for Ireland and Sweden were high, and considerably above
the average for the EU.
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Figure 2.1.3 Real growth (%) of R&D expenditure, from 1991 to 1995 and from 1995 to 1999 (1)
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Figure 2.1.4 R&D expenditure — average annual real growth (%), 1995 to latest available year (1)
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On the badis of the average annual real growth of R&D expen-
ditureinthe latter part of the 1990s (figure 2.1.4), it isclear that
a process of convergence within the EU, and also across indi-
vidua EU countries, hastaken place. Countriesthat were catch-
ing up recorded favourable rates of growth of R&D financing
and performance.

While this may be the case in relative terms, the reality is
that divergence within the EU increased in absolute terms.
For instance, the very high average annual rate of growth of
R& D expenditure in 1995-1999 in Greece (12%), Portugal
(11%) and Ireland (7%) means, in absolute terms, a real

growth of PPS 235-381 million. At the same time, the
lower rate of real growth for Germany (3.5%) means an
increase of PPS 5.3 hillion over the same period.

Since 1999, the real growth of R& D expenditure in Germany
has been relatively high. This is especially the case if the
figure for Germany is compared to those of the other major
EU economies. As a result, Germany alone accounted for
almost one-third of the EU-level real increase of R& D expen-
diture in 1995-1999. Over this period, Germany together
with Spain, Sweden and Finland, accounted for some 57% of
the total growth of R&D activity in the EU.

R&D investment and R&D intensity: what do they reveal?

R&D comprises creative work undertaken on a systematic
basisin order to increase the stock of knowledge, including
knowledge of man, culture and society, and the use of this
stock of knowledge to devise new applications (OECD
1993). R&D is amajor form of knowledge investment, the
others being spending on education and on information and
communication technologies. The volume of R&D invest-
ment reflects the economy’s efforts in creating and accumu-
lating new knowledge, which is essentid to modern knowl-
edge-based economies. It may also be considered an indirect
measure of a society’s innovation capacity. The ability to
create, disseminate and exploit knowledge and information
is increasingly crucial to the competitiveness of the econ-
omy and to higher standards of living and public health.

R&D intensity, that is R& D expenditure (or investment)
as a proportion of GDP, provides a useful measure of
how much countries invest in R&D in relation to the
value of their total production. Asfar asresearch is con-
cerned, it also reflects the knowledge intensity of the
economies in question. R&D intensity facilitates the
comparison of R&D expenditure between countries of
different sizes.

However, the question concerning the level and the growth
of R&D intensity is not a simple one. In addition to direct

R&D intensity compared by world region:
EU is losing the ground

The average R&D intensity for the EU was 1.93% in 2000
(figure 2.1.5). The figure was practically at the same level as
in 1991. Thus, the link between volume of R&D and gross
national income remained largely unchanged in the EU
throughout the past decade. In the 1990s, the fluctuation in
R& D intensity wasfar greater inthe US and Japan than in the
EU. Inthe US, for instance, R& D intensity started to decline
after 1991, and dropped to 2.4% by 1994.

Since 1994, the growth of R&D financing has outpaced the
growth of the overall economy inthe US. Asaresult, by 2000
R&D intensity had increased steadily to almost 2.7%. The

R& D funding, there are many other factors that indirectly
affect the level of R&D intensity. These include industrial
structure (for example, the share of R& D-intensive fields
of industry in the enterprise sector), the rate of growth of
GDP, and the development of a government budget. For
instance, the structure of industry inthe USisfar more spe-
cidlised in R&D-intensive sectors, such as those in the
fields of high-tech production, than in the EU. This struc-
tural factor partly explains the R&D investment gap
between the US and the EU. In general terms, therelatively
low volume of business sector R& D investment in the EU
(compared to the volumein the US) isresponsible for more
than three quarters of the gap (in real terms) in 2000.

The question on the absolute volume of R&D investment
and the level of R&D intensity is not purely one of money.
Both investment and intensity reflect indirectly, and are
dependent on, the availability of a sufficient stock of
human resources, a regulatory environment for R&D, and
the capacity of national innovation systems to digest and
exploit investment in R&D effectively. In the end, the
question is one that concerns the effectiveness of the entire
innovation system, the capacity to make resources avail-
able for R&D, and the ability to transform investment into
new knowledge, advancement and innovation.

substantial growth of R&D intensity since 1994 was possible
partially becausein 1994-2000 the US experienced the great-
est real increase of R& D expenditure for any 6-year period in
its history (NSF 2002).

Throughout the 1990s, EU-level R&D intensity was at a sub-
dtantially lower level than the corresponding figures for the US
and Japan. In 1994, the EU average of 1.9% was 0.5 percentage
points below the US figure, and 0.7 percentage points below
Japan. In 2000, the EU level dropped to some 0.8 percentage
points below the level of the US and to more than one percent-
age point below the Japanese level. In a nutshell, the EU has
fallen continuoudy further behind the US and Japan since the
mid-1990s.
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Figure 2.1.5 R&D intensity (%) in the EU-15, the US and Japan, 1991-2000
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Estimates of the possible evolution of research expenditurein
the 20002010 period are examined next. Figure 2.1.6 shows
potential scenarios for the evolution of R& D intensity during
this period. Growth rates were calculated for the EU, the US
and Japan for three time periods within the last decade: one
for the entire decade; the second for the period 1994-1999;
and the third for 1996-1999. For each economic block, a
“best-case scenario” and a“worst-case scenario” growth rate
were taken from the highest and lowest ratesin the three time
periods mentioned above. These are represented in the figure
as“min” or “max”.

Research expenditure in the EU over the last decade has
been relatively stable at around 1.9% of GDP. If the current
trend continues, the best the EU could hope for, is arate of
around 2.2—-2.3% by 2010. It should be remembered, how-
ever, that thisis only a “best-case scenario” based on the

performance in the 1990s. Calculating a “worst-case sce-
nario” using downward trends would find EU research
expenditure at below 1.8% of GDP. It is clear, then, that if
the EU is to increase its overall level of research expendi-
ture to afigure approaching 3% by 2010 — as was agreed by
the European Council in 2002 in Barcelona — substantial
efforts are needed to create the conditions in which this
might be achieved.

Nevertheless, even by employing the most optimistic of esti-
mates, if thereis no major reorientation of public and private
policy towards research expenditure, the EU will still be
spending well below 2.5% of its GDP on research. Even a
“best-case scenario” would be substantially below the current
relative level of US spending. The gap between the US and
the EU iswidening, and will continue to widen over the cur-
rent decade, unless efforts are increased significantly.
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Figure 2.1.6 R&D intensity (%) — forecast to 2010 with minimum and maximum projections, and with
the presumption that no major changes in policy or in the R&D environment as a whole will occur
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R&D intensity within the EU: Nordic countries
and countries catching up lead the pack

Recent levels of R&D intensity differ considerably across
the EU countries and the US and Japan (figure 2.1.7). The
highest R&D intensity was recorded for Sweden (3.8% in
1999) and Finland (3.4% in 2000), followed at some dis-
tance by the US and Japan. The figure for Germany was
also very high at more than 2.5%. Sweden and Finland
stand out clearly in the EU group, and these two economies
form a distinct group. In addition to high R&D intensity,
they are characterised by features that include high per
capita volume of R&D, high private sector share of total
R&D, high share of high-tech industries of total value
added and of exports, and real growth of GDP abovethe EU
average since the mid-1990s.

The poor development of EU-level R& D intensity throughout
the 1990s was mainly due to extremely limited growth of the
R&D/GDP ratio in the major EU economies (Germany,
France, Italy and the UK). Indeed, most of these EU
economies, which currently account for some three-quarters
of total EU R&D expenditure, recorded lower levels of R&D
intensity in 1999 than in the early 1990s. During the | atter part
of the decade, the real volume of R&D and R&D intensity
increased substantially in Germany only.

In terms of relative growth of R&D intensity, Greece, Fin-
land and Portugal recorded the highest figuresin the latter
part of the 1990s (figure 2.1.8). Those countries that are
catching up from a lower level of R&D intensity, i.e.
Greece, Portugal, Spain, Italy, and Ireland, experienced
rather different trends compared to each other. For the first
three, growth rates were favourable, but the growth
recorded for Italy and Ireland was negative.

In Ireland, for instance, the strong upward trend of R& D inten-
sity intheearlier part of the 1990slevelled off in 1996. From that
year onwards, the figure took on a downward trend. This is
partly because of the high average annual real growth of GDPof
amost 10% since 1995. As aresult of substantial growth of the
economy, a marked increase in R&D volume (figure 2.1.4) has
not resulted in positive growth of R& D intendity.

In Italy, on the other hand, even with a more moderate rate of
growth of the economy, it was difficult for R&D expenditure
to follow the pace of growth of GDP during the latter part of
the 1990s. The same holds good for France and the UK: the
overall economy outpaced the growth of R&D investments.
However, this fact should not be taken as the sole key to the
negative growth of R&D intensity. It suggests that the status
of R&D in the economic sphere has weakened in relative
terms. In any case, the average annual real growth of R&D
was very low in all these EU economiesin the late 1990s.
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Sweden
Finland

Japan

Figure

2.1.7 R&D intensity (%), latest available year (1)

2.98

US| —— 2.69

Germany
France
Denmark
Netherlands

Belgium

2.52
213
2.09
2.02
1.96

EU-15 (2) | —— .93

Austria
UK
Ireland
Italy
Spain
Portugal

Greece

DG Research

0.5

1.86
1.84

OECD - MSTI database (STI, EAS Division) with DG Research provisional estimates
(1) D, E, A: 2001; F, FIN, UK, US, JP, and EU-15: 2000; all other countries: 1999. (2) L data are not included in EU-15 average.
Third European Report on S&T Indicators, 2003

3.78

3.5 4

Source:
Data:
Notes:

Figure 2.1.8 R&D intensity (%) — average annual growth, 1995 to latest available year (1)
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Policy measures to increase R&D intensity and R&D investment in Member States

Since 1997, some countries have set targets for raising the
level of R&D intensity and have launched ambitious policy
measures with the aim of increasing R&D funding. For
instance, in Austria one policy objective is to increase the
R& D/GDPratio to 2.5% by 2005. Thisgoal could beachieved
by a combination of public R&D funding and stimulation of
private investment and by increasing research activities in
polytechnics and the funding of competence centres.

In Denmark the Danish Research Commission has pro-
posed an overall strategy for Danish research. The strategy
is built on the basis of certain principles, one of whichisa
commitment to increasing investment in research. It was
recommended that Denmark should increaseitsinvestment

in research to reach the R& D/GDPratio of 3% by 2010, of
which 40% should be financed through public funding,
including an increase in the basic funding of research insti-
tutions.

In Belgium, substantia efforts such as an increase of public
investment in R& D, have been made in order to achieve the
R&D intensity target of 2% by 2002. Findly, in Finland, the
government increased public R&D funding considerably
during the period 1997-1999, with one of its aims being to
reach a2.9% level of R&D intensity by 1999. Indeed, in Fin-
land's case, with an additional contribution by industry, R&D
intensity wasin excess of 3.29% by the end of the period.

The regional dimension: best performing EU regions

In the EU, R&D intensities vary across countries, though
thisiseven morethe case acrossregions. Thefollowing list
provides the top 15 EU regions, on a somewhat disaggre-
gated regional level (NUTS Il), that invested most in
research in the EU in relative termsin 1999.

1. Braunschweig, Germany (6.34%)
2. Stuttgart, Germany (4.84%)
3. Oberbayern, Germany (4.76%)
4. Pohjois-Suomi, Finland (4.29%)
5. Tubingen, Germany (4.23%)
6. Uusimaa, Finland (4.09%)
7. Baden-Wirttemberg, Germany (3.87%)
8. Midi-Pyrénées, France (3.73%)
9. Berlin, Germany (3.62%)
10. Eastern, United Kingdom (3.56%) (*)
11. Tle-de-France (3.53%)
12. Dresden, Germany (3.51%)
13. Rheinessen-Pfalz, Germany (3.46%)
14. Karlsruhe, Germany (3.40%)
15. Kéln, Germany (3.28%)

EU average: 1.93% of GDP.
Data: Eurostat; No data available for Austria.
Note:  (*) Regional level NUTS |

Thelist gives an idea of the regional concentration of R&D
activities and the resource alocation to R&D in particular

regions. Regiond disparitiesin R& D seemto be substantially
high, both across Europe and within individual countries. The
high concentration of R& D investmentswithin EU countries,
i.e. mainly in central locations in each country, suggests that
intranational differences may largely explain the intra-EU
disparitiesin R&D and innovation activities.

The German regions occupy thefirst three placesin thisrank-
ing, and thus continue to be the most R& D intensive regions
of Europe. The regions making up the top 15 European
regions with the highest R& D intensity come as no surprise,
since these are often quoted in the literature as prime exam-
ples of innovative regions with high technologica potential.
Top regions also have a high capacity to create and absorb
new knowledge and transform it into commercial products or
into some other form of competitive advantage.

In addition, these regions have a comparatively high level
of economic activity (GDP per capita), as well as, for
instance, auseful stock of human resources. Therearelarge
numbers of qualified scientists in both higher education
institutions and public laboratories, and R& D personnel in
the business sector. Large metropolitan areas such as
Tle-de-France around Paris, the Uusimaa region around
Helsinki, and the greater Munich areain Oberbayern, pro-
vide firms with a thriving business environment due to
economies of scale and scope, and a political power centre.

higher education, and from abroad) are not independent from

2. Structure and trends in R&D financing

and R&D perform ance one another. The government sector is generally responsible

for financing the science base from which many of the tech-
nological opportunities that stimulate R&D spending by
others are likely to emerge. In addition, attracting research
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funds from abroad, for instance, is also partly dependent on
the existence of centres of excellencein R&D, and the avail-
ability of high quality personnel and collaborators locally.

Although there is no optimal mix for the financing of R&D,
it should be recognised that the financing activities of each
sector often affect the activities undertaken by the other sec-
tors. For instance, business-funded research is unlikely to
increase dramatically in isolation. It is necessary, moreover,
to pay attention to the links between government funding and
incentives for business funding. If implemented in the right
way, government research funding activities can provide new
incentive structures for businesses to participate both as
financiers and as performers of high-quality research.
According to the expert group set up by the European Com-
mission (2002c), “... private investment in many emerging
fields will take place only after consistent and extensive
publicinvestment in human resources, infra-technologies and
[...] generic technologies to provide the knowledge infra-
structure to support the exploitation of the field.”

This sub-section provides an overview of the structure and
trendsin R&D financing by main sources of funds, aswell as
by main sectors of performance, comparing the EU, the US,
and Japan, and by looking at trends within the EU. The fol-
lowing sections of this chapter give a more detailed analysis
of the main public investors and performers, namely the gov-

ernment and the higher education sector. The dominant
investor and performer, the business enterprise sector, is
analysed in Chapter 3.

The linkages between all of those involved in financing and
performing R&D are somewhat complex, asisclear infigures
2.1.9at0 2.1.9c. They provide snapshot images of the flow of
financing and location of R&D performance within the R&D
systemsin the EU, the US and Japan in 1999.

In analysing EU and US financing and performance struc-
turesof R&D (figures2.1.9aand b), certain mgjor differences
are discernible between the economic blocs. In terms of gov-
ernment financing, the difference between the EU and the US
was 13 billion euro (in current terms) in favour of the latter.
From the perspective of R&D performance, the situation was
the opposite: the government sector in the EU was larger (by
4 billion euro) than that of the US.

The biggest element in the investment gap between the EU
and the US, and the reason behind it, was the overall amount
of research financed and performed by the business sector. In
1999, the gap in favour of the US was some 6 hillion euro
higher in execution of R&D than it was in its financing. In
current terms (and excluding funding from abroad), the gap
was 66 billion euro in R&D financing (causing 77% of the
“investment gap”) and 71 hillion euro in performance (caus-
ing 89% of the “performance gap”).

Figure 2.1.9a Financing and performance structures of R&D in the EU-15 (1)
(€ billion, in current terms), 1999
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Totals for source of funding and sector of performance do not correspond exactly due to rounding.

Third European Report on S&T Indicators, 2003
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Figure 2.1.9b Financing and performance of R&D in the US
(€ billion, in current terms), 1999
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Figure 2.1.9¢ Financing and performance of R&D in Japan
(€ billion, in current terms), 1999
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What were the trends prior to the situation in 1999?

Figure 2.1.10 shows the share of each source of totad R&D
financing and its growth in the period 1995-1999. As can be
seen, business sector investment on R&D is the largest com-
ponent. However, compared to the US and Japan, the EU
figure (56%) ismuch lower. Thereverseistruefor the second
largest financier, the government, which isfar more dominant
in the EU (34%) than in the US or in Japan. Changes in the
various sectors' share of total R&D in the period 1995-1999
reveal an increasein the business sector share and adeclinein
government share in the US and in the EU. The opposite is
true for Japan.

Figures for R& D financing from abroad are not available for
the US. Foreign sources constitute an important part of R& D
financing in the EU. The latter is largely made up of the
Framework Programmes for R& D and structural funds of the
European Commission and also certain accounting practices
of European multinational companies.

On the basis of figure 2.1.11, one may conclude that the
upward trend in R&D activities experienced in the EU, the
US and Japan has been mainly due to the increase in invest-
ment by the business sector. The clearest case is the US,
where the increase in total R&D effort has been far more
dependent on private investment than it has been inthe EU or
Japan. The average annud rate of real growth of R&D financ-

ing in the US was over 8% in the period 1995-1999 (from
PPS 103 hillion to 142 hillion). The figure recorded for Japan
was a modest 2% (from PPS 51 billion to 58 billion), which
clearly lags behind the growth rate of the EU (5% per year;
from 62 billion to 76 billion).

Contrary trends may be observed for the government sector:
the real growth rates for government-financed R&D for the
EU and the US are the lowest of all other sectors (figure
2.1.11). In Japan, growth has been very positive, although,
Japan’s result may still be interpreted as a converging trend.
The stable pattern of high business sector investment and low
government involvement in R&D financing has been chang-
ing gradually. However, even when taking into account these
changes in Japan, the figures confirm that in relative terms,
the role of the government sector in R&D financing has not
increased significantly (cf. also Section I1).

The shares and volumes of “other national sources” —
including financing by the private non-profit and higher
education sectors — and “sources from abroad” of total
R&D financing, are lower than those of the business and
the government sectors (figures 2.1.9a, b, c and 2.1.10). As
aresult of this, high growth rates for “other national
sources’ and “abroad” (figure 2.1.11) have had neither a
substantial impact on the development of total R&D
volume, nor have they explained the investment gaps that
exist between the economic blocs.

Figure 2.1.10 R&D financing — share (%) of
each source of total financing, 1999
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Figure 2.1.11 R&D financing by main sources
of funds - average annual real growth (%),
1995-1999
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What are the structures of R&D financing and
performance in the EU?

In terms of financing, the business sector is the most important
sector inmost EU Member States. The EU averagefor the share
of the business sector in R&D financing is exceeded by six
countries, i.e. the Nordic EU Members, Belgium, Germany and
Ireland (figure 2.1.12). The government sector plays an impor-
tant role in Italy, Greece and Portugd. For severa countries,
investment from “abroad” plays a fairly significant role. In
Greece, for example, investment from “abroad” has an even
higher share than the business sector.

The financing structure depicted in figure 2.1.12 resembles
the structure of R&D expenditure shown in figure 2.1.13
(reflecting R& D expenditures broken down by sectors of per-
formance). However, for the UK, the share of businesses in
R&D performance and R&D financing differs considerably.
While the business sector share of execution of R&D isfairly
high (66%) and above the EU average, the sector accounts for
only 49% of total R&D financing. In Austria, thereisalso a
big difference in business sector shares of R& D performance
(64%) and R&D financing (40%). Apart from Portugal,
Greece, Itay, Spain and the Netherlands, the business sector
has more than a 60% share of performance in al the other
countries. Sweden scores the overall EU highest share, with
75%, the only figure close to that of the US.

It is noteworthy that in the EU, R&D expenditure by the
higher education sector (33.5 billion euro, in current terms)
accounted for 20% of total R&D expenditure in 2000 (figure
2.1.13). Thisfigure was significantly higher than in the cases
of the US and Japan. Compared to the EU, the figure for the
US (39 billion euro) was seven percentage points lower, and
for Japan (22.4 billion euro), six percentage points lower.
Indeed, not asingle EU country had such alow higher educa-
tion sector share of total R& D asthe US and Japan, the shares
recorded for Germany (16%) and France (17%) being the
closest (figure 2.1.13).

In Greece, Portuga and Italy the shares of the higher educa-
tion sector, at more than 30%, were a an exceptionaly high
level, with Spain and Austria following closely. In this
respect, universities, which are responsible for most R&D
done in the higher education sector, play a more important
rolein theinnovation system and in R&D performancein the
EU than in the other two economic blocs.

In the EU, R&D conducted by the government sector
accounted for less than 14% of total R&D in 2000 (figure
2.1.13). Thefiguresfor the US and Japan were even lower, at
below 10%. What is notable here is that the government
sector was the only sector of R&D performance where the
volume of R&D in 2000 (22.4 billion euro) was higher than
inthe US (21.5 billion euro).

Figure 2.1.12 Financing of R&D — share (%) of each source of total financing, 1999
Countries in decreasing order according to the share of business financing
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Figure 2.1.13 R&D expenditure by main sectors of performance, latest available year (1)
Countries in decreasing order according to the share (%) of the business sector
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Finally, four categories may be identified, whereby EU coun-
tries are clustered on the basis of the structure and patterns of
R& D financing and performance:

D)

2)

Innovation/R&D system clearly dominated by
the business enterprise sector

Both in terms of R&D performance and financing, the
share of the business sector of total R&D is above the EU
average. While the share of the higher education sector of
total R&D expenditure is relatively high, this sector is
responsible for most of the public R&D effort. The share
of the government sector of total R&D (in terms of both
R& D financing and performance) isfairly low, and below
the EU average. This group consists of Sweden, Ireland,
Belgium, Finland and the UK.

However, in Finland and the UK, R&D expenditure by
the higher education and government sectors are more in
“balance”, or closer to each other, than in the other coun-
tries belonging to this group. The UK is an exception in
that the share of businesses in total R&D financing is
clearly below the EU average. In terms of financing, the
pattern in the UK resembles that of groups 2 and 3.

Innovation/R&D system on industry—public
sector axis

In this group, the business enterprise sector is still rela
tively dominant in total R&D performance, with a share
above 60%, but thereismore of a*balance” within public

research. The higher education and government sector
shares of total R&D expenditure are relatively close to
each other. Infact, while the share of the higher education
sector of total R&D expenditure is either close to the EU
average or below it, the government sector’s share of total
R&D expenditure is either at the EU average or aboveit.
In terms of the share of businesses in R&D financing,
countriesdiffer considerably withinthisgroup. The group
consists of Germany and France, though Denmark and
Austria (with high reservation) could aso be included in
this category.

Germany’s system is a mixture of categories1and 2 in
the sense that the system there is dominated by the busi-
ness sector, with a share of total R&D expenditure at
65% (1999), and a share of total R&D financing in
excess of 71% (2001).

In relative terms, and compared to the higher education
sector, government sector research institutes are very
important performersin this category. However, Franceis
the only country where the share of public sector research
institutes of total R&D is higher than that of the higher
education ingtitutes.

Austria’'s R&D system is clearly more centred on the
industry-higher education axisthan in the other countries
in this group. The business sector share of R&D funding
and performance is also comparatively moderate and
below the EU average (resembling that of group 3).
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3) Broad-based innovation/R&D system

The shares of total R&D expenditure of the business,
higher education and government sectors are closer to
each other than in groups 1 and 2. The business sector
accounts for less than 50% of R&D financing and less
than 60% of total execution of R&D. The shares of the
higher education (>26%) and government (>15%) sectors
in R&D performance are clearly above the EU average.
This group consists of Italy, the Netherlands and Spain.

In Italy, the pattern of R&D financing resembles that of
group 4, since the government is the major source of
funds (51%).

4) Innovation/R&D system dominated by
government-financed R&D and by public
research

The share of the business sector, both of R&D perfor-
mance and R& D financing, is below 30%. Higher educa
tion ingtitutions account for over 35% of total R&D per-
formance. Also the share of the government sector is
comparatively high, at above 20%. However, at the same
time, government is responsible for a bulk of R&D
financing. This group consists of Greece and Portugal.

In Portugdl, the private non-profit sector is an important
actor, with the exceptionally high share of total R&D
expenditure of 11%. The Portuguese innovation/R&D
system may be considered a broad-based system, as the
shares of various sectors of R&D performance tend to be
comparatively close to each other.

One of thedistinctive features of R& D expenditurein the EU,
in comparison to Japan and the US, is the ratio between the
public sector (including both the government and the higher
education sector) and the private sector. In the EU, public

ENDNOTES:

research accounts for a much larger share of R&D than in
either Japan or the US. At the turn of the millennium, public
research accounted for over one-third of EU-level R&D per-
formance, while the figures for Japan and the US were 24%
and 21%, respectively.

The figures for R&D performance by the business enter-
prise sector reveal a reverse situation. The EU (at 65%)
clearly lags behind the figures for the US (75%) and Japan
(71%). From the perspective of financing by businesses,
the position of the EU is even worse. The business share of
total R& D funding in the EU (56%) was almost 11 percent-
age points lower than the corresponding figure for the US,
and 16 percentage points lower than the figure for Japan.

In conclusion, since the mid-1990s, the EU has lagged
increasingly behind the USin terms of the absolute volume
of R&D, and also in the rate of growth of R&D activities
and R&D intensity. Consequently, during the late 1990s,
the gaps in financing and performance increased both in
absolute and relative terms. The widening of these gaps
between the EU and the US has been mostly due to 1) the
moderate growth of R&D activities in the main EU
economies, and 2) the low volume and slow growth of the
financing and execution of research by business enter-
prises. In addition to these factors, the gap has also
increased rapidly in favour of the US because of the very
slow development of government-financed R& D inthe EU.

In terms of intraEU development, it is clear that the EU
countries converged during the latter part of the 1990s.
Moreover, those countries that are “catching up” recorded
favourable rates of growth in many indicators describing
the development of R&D activities.

' EU: The volume of estimated resources allocated to R&D at the EU level or inindividual countries is affected by national characteristics. At individual
country level, the cases of Sweden and Finland are distinct. R&D data for Sweden are underestimated (approximately 9% of total R& D expenditure) for
a number of reasons. For instance, R&D in the government sector covers central government units only, and full coverage of small- and medium-sized
enterprises might add about 7% to expenditure on R& D in the business enterprise sector. In Finland, since 1997, the higher education sector has covered
also central university hospitals. Thus, the increase in total R&D expenditure and in expenditures by the higher education sector from 1995 to 1997 is
partially explained by this modification, leading to an “ additional” increase of total R& D expenditure by 2.2% and expenditure on R&D in the higher
education sector by 11.2%. For more details on national specifications and changes in the methods of measuring R& D expenditure in individual EU
countries, see Main Science and Technology Indicators publications by the OECD. The same reservations and specifications discussed above apply to all
the data and figures for the EU in this chapter.

? US R&D data for the USare somewhat underestimated for a number of reasons. 1) Thefigures exclude most or all capital expenditure. 2) R& D conducted
by the government sector covers only federal government activities. Sate and local government establishments are excluded. 3) In the higher education
sector, R& D in the humanitiesis not included. 4) In the business enterprise sector, the wider coverage of firms, especially in the services sector, affectsthe
magnitude of R& D resources. 5) According to the NSF (2000), “ There are no data on foreign sources of U.S. R&D performance. The [following] figures
[...] to approximate foreign involvement are derived from the estimated percentage of U.S industrial performance undertaken by majority-owned (i.e.,
50% or more) non-bank U.S. affiliates of foreign companies. [ A] pproximately 8% of funds spent on industry R& D performance in 1996 are estimated to
have come from majority-owned affiliates of foreign firmsinvesting domestically. This amount was considerably more than the 3% funding share provided
by foreign firmsin 1980.” For more details on the data for the US, see OECD (2002a). The reservations and specifications discussed above apply to all
the data and figures for the US presented in this chapter.
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SECTION Il THE ROLE OF GOVERNMENT
AND THE PUBLIC SECTOR IN R&D

1. New role, rationale and challenges
for government

Scientific and technological knowledge and its wide dissem-
ination play avital rolein the knowledge-based economy and
in its performance. Public sector research provides scientific
and technological knowledgethat should be disseminated and
utilised widely in the economy. The contribution of public
research to the economy, however, is not only through the
direct provision of immediately applicable results, but also
through the diffusion and adoption of skills and techniques,
and through professional networks and other forms of com-
munication channels created by academic research. The pri-
ority of government-financed research in this sphere is to
enrich the knowledge base by supporting R&D carried out at
universities and research institutes and in business enter-
prises, by encouraging exploration of new and challenging
scientific and technological areas, and by creating suitable
conditions for training future employees.

In considering the role of government and the public sector in
R&D financing and performance, it should be borne in mind
that government aso has tasks and objectives based on non-
economic rationales. Governments are responsible for acting
as monitor and controller in matters concerning research
which are in the interest of society at large, and which may
affect social welfare, quality of life and physical environ-
ment. In addition, it isimportant for governments to promote
scientific and education culture, and to make it possible for
people to become more familiar with science and technol ogy.
In order to increase society’s confidence in scientific research
and technological development, governments foster dial ogue
with citizens and between science and society (e.g. European
Commission, 2002b).

Due to developments in the economy — such as the increased
role of knowledge as a factor of production, the closer inter-
play between economic actors, and the various effects of
globalisation on RTD —therole of research has taken on new
political, economic and technology related significancein the
EU. Public authorities are paying more attention to R&D, as
well as to increasing demands for education, the role of life-
long learning, the skills profile of the labour force and, in gen-
eral terms, to human resources in innovation.

Traditionally, the primary economic objective of science,
technology and innovation policies and the rationale for gov-
ernment involvement in R&D has been — in addition to ful-
filling the public health and defence related needs of society
— to rectify market failures and imperfections. This issue is
tackled with increasing public R&D funding in those sectors
of the economy that experience alower level of R&D activ-
ity than is socially desirable. Thus, the public sector has

funded research in order to redress market imbal ances and to
complement market mechanisms.

Market failures are typically twofold (Pottelsberghe et al.
2001). First, imperfect appropriability — or the diffusion of
knowledge beyond the control of the inventor — implies that
the private rate of return on R&D is lower than its social
return. Second, the high risks involved in R&D discourage
firms from engaging in such activities. This is particularly
detrimental to small firms, which experience great difficulty
in obtaining access to funding. For both reasons, the amount
invested by firms in R&D in a competitive framework is
likely to be below the socialy optimal level (Arrow 1962).

In recent years, policy-makers have come to recognise the
limitations of the market failure rationale. Consequently, this
rationale has been supplemented by the systems failure per-
spective. Smith (2000) articulates this in terms of four mani-
festations:

» failurein infrastructure provision;

» failureto achieve transitions to new technological regimes;

» failure from lock-in to existing technological paradigms,

* ingtitutional failure (regulations, standards and policy cul-
ture).

In systems failure terms, the new role of the public sector
becomes visible in efforts to promote multilateral co-opera-
tion between organisations within national and regional sys-
tems of innovation. Governments are now focusing on find-
ing ways of avoiding inefficiencies resulting from, for
example, systemic failures, mismatches and incompatibilities
within the innovation systems, and lack of co-operative rela-
tions and mutual interests between the various players.

In an effort to address systemic failures in innovation sys-
tems, governments are paying more attention to mechanisms
that are crucial to the transfer of knowledge and know-how.
In other words, the question is how to enhance the knowledge
distribution capacity of the innovation systems and
economies as a whole. However, there is no single clear-cut
set of measures, for instance, that would help governments
tackle the problem of inefficient transfer mechanisms. Gov-
ernments should rather have a flexible and evolving tool-kit
of measures that would enable them, amongst others, to:

* support and promote networking and active interplay
between companies and R& D organisations (e.g. RTD pro-
jects, cluster programmes);

» develop technology transfer organisations (e.g. regional
centres set up for the promotion of technology, innovation
ombudsmen, university business incubators);

* update the legidation and regulatory frameworks that help
to generate spin-off firms, to facilitate public-private part-
nerships, and to intensify economy-wide exploitation of
research results (e.g. intellectual property rights).

Thus, government’s contribution involves much more than
just funding of research. It also comprisesfinancia aid in the
form of grants and tax relief, contracts and procurement,
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launching programmes aimed at knowledge distribution, and
support to upgrade infrastructure for science, technology and
innovation. In addition, it should be bornein mind that policy
measures carried out by governments to enhance R& D activ-
ities must also be in line with measures introduced in other
sectors, such as economic, employment, trade, industrial,
regiona and socia policy. Thisisaclear indication that effec-
tive co-ordination between various policy tools as well as
between various policy sectors would improve their overall
effect on R&D (e.g. PREST et a. 2002).

The views above hold good at individual country level aswell
as at the level of the EU as a whole. However, the European
system of public R&D-related policies can be very complex,
and the mechanisms used across the EU countries very diverse.
Nevertheless, policy implicationstend to converge towards rec-
ommending better and more coherent use of available public
instruments and resources, ashighlighted in the European Com-
mission Report, “Towards a European Research Ared’ (see
European Commission, 2000). Therefore, the exchange and
spread of good practices should be encouraged.

In summary, governments should aim at creating suitable
conditions for R&D and innovation, and removing obstacles
to the broader introduction, dissemination and application of
knowledge and technology. Traditional government funding
— athough awarded more and more on a competitive basis —
is still important for non-market based activities, such asthe
scientific research conducted by universities and public
research ingtitutes. In addition, since European private ven-
ture capital markets are not sufficiently developed to account
for the risks faced by high-tech seed and start-up firms, gov-
ernment financing of new R&D intensive activities is appro-
priate and in great demand.

2. Trends in R&D expenditure financed
by government

This section first compares the devel opment of R&D financ-
ing by government in the EU, the US and Japan. Secondly, it
focuses on trends in government-financed R&D inindividua
EU countries. The main topics are the absolute and relative
volume of government-financed R&D, the distribution of
government support for R&D, and the share of government
financing of total R&D expenditure. These themes are also
discussed in Section |, but on a more general level. Theaim
of this sectionisto give more detailed information of govern-
ment-financed R&D expenditure and to deepen the analysis
of therole of governmentsin R&D funding.

Government-financed R&D: the large
differences between world regions remain
unchanged

The structure and trends of government-financed R& D reveal
fairly large differences between the three major economic

blocs on the one hand, and across the EU countries on the
other. The EU governments clearly invest less in R&D in
absolute terms than the US government. A comparison of the
volume of R&D expenditure in real terms (PPS, at 1995
prices) between the EU and the US, and between the EU and
Japan, inthe 1990sisshowninfigure2.2.1. In 1999, EU gov-
ernments invested PPS 47 hillion (53 hillion euro in current
terms) in R&D. The figure for the US was PPS 61.3 hillion
(66 billion euro), and for Japan PPS 15.9 billion (24.3 billion
euro). Thus, the investment gap between the US and the EU
was over PPS 14 hillion in favour of the US, and between the
EU and Japan some PPS 31 hillion in favour of the EU (figure
2.2.2).

The R&D investment gap between the US and the EU
remained more or less at the same level for the whole decade,
i.e. within the range of PPS 14-16 hillion. The EU govern-
mentswere not very successful in decreasing the gap between
themselves and the USin the 1990s, even though the EU gov-
ernments have not only launched new political measures to
increase their support for R&D, but also promoted co-opera
tion between companies, universities, and public sector
research ingtitutes. Asfar as direct R& D funding and narrow-
ing the gap with the US are concerned, it seems that — owing,
for example, to problems in the public economy — EU gov-
ernments have not been able to make substantial increasesin
R&D funding. In addition, it seemsto have been difficult for
governments — as a prerequisite to injecting new money into
the R&D system —to raise the status of R&D and to improve
the ranking of R&D in the priority list of public investment.

Consequently, the role of the government sector as a per-
former of R&D has diminished recently compared to those of
the business enterprise and higher education sectors (Sections
[11 and 1V). Thefuture does not appear to be much brighter for
the EU in this respect either, since the US has decided to
increase significantly its federal support of R&D over the
next few years. According to the Battelle R& D funding fore-
cast (2002), “whiletheincreasesin total R&D [inthe US| had
been influenced almost entirely by industrial funding in
recent earlier years, the increase for 2002 will be driven pri-
marily by federal funding.” For instance, the total R&D
budget of the federal government will be almost 13% higher
in 2002 than in the previous year.

A further somewhat disquieting trend is the weakening posi-
tion of the EU in relation to Japan. A comparison of the
volume of R& D financing shows that Japan managed amost
continuously throughout the decade to narrow the R&D
investment gap between itself and the EU, with the smallest
differencesin the 1990s occurring in 1998 and 1999. During
the 1991-1999 period, the gap between the EU and Japan
decreased by PPS 6 billion. Thus, compared to the EU and the
US, the position of Japan with regard to government contri-
bution to R& D and support to enhance the devel opment of the
knowledge-based economy became dightly stronger during
the 1990s.

o7
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Source:
Data:
Notes:

Figure 2.2.1 Government-financed expenditure on R&D in real terms in the 1990s
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There are certain reasons behind the Japanese government’s
increased contribution to R&D activities. In the mid-1990s,
Japan initiated numerous new measures in its first Science
and Technology Basic Plan (1996-2000) in order to encour-
age investment. In March 2001, the Japanese government
decided on the basic lines of the second-term Basic Plan
(2002-2006). This plan directed attention to the measuresthat
had aready been launched in the first plan. For one thing, it
was decided to increase competitive funds, subject to the
selective and efficient allocation of resources. Therewas also
more emphasis on the development of relations between
industry, academia and the government (MEXT, 2001; see
also OECD, 2000; Polt et d., 2002). In addition to the Basic
Plan, the Ministry of the Economy, Trade and Industry has
recently brought in measures to reform the innovation
system, and to enhance the (joint university-corporate) com-
mercialisation of research, for instance (METI, 2002). The
Ministry also invests in the four priority fields of research
(life sciences, information technology, environmental sci-
ences, and nanotechnology and materials), all of which offer
high potential for commercialisation.

Figure 2.2.3 shows the share of government in total R&D
financing. The public sector in the EU accounts for a larger
proportion of R&D financing than in the US or Japan. In
1991, the public sector accounted for 41% of total R&D
financing in the EU, while the figure for Japan was 16%, and

the US 39%. During the 1990s, the situation in the EU and the
US changed considerably. In 1999, the public sector
accounted for some 34% of total R&D financing in the EU.
The figures for Japan and for the US were 20% and 29%,
respectively. Thus, whilethe public sector share of total R&D
financing decreased significantly in the EU (by 7 percentage
points), the decline was even more substantial in the US,
where the public sector share decreased by 10 percentage
points during the decade. In the periods 1991-1993 and since
1997, the trend in Japan was the oppositeto that of the EU and
the US.

Figures in the US were fairly close to those of the EU
throughout the 1990s. However, government’s share of total
R&D financing in 1999 represented the largest distinction
between the EU and the US in this decade: the difference
increased from two percentage points in 1991 to over five
percentage pointsin 1999 (figure 2.2.3).

While government’s share has decreased continuously in the
EU and the US, the role of other sources of financing — espe-
cialy that of the business sector — has increased significantly
(figure 2.1.10). In the US, this shift has been more marked
than in the EU.

In 1999, government financing of R&D in relation to GDP
was the highest in the US (0.8%) (figure 2.2.4). The figures
for the EU and Japan were 0.7% and 0.6%, respectively. In
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Japan, throughout the 1990s the financing of expenditure on
R& D by government, as a percentage of GDP, was at alower
level than in the US and the EU. However, the upward trend
in Japan was the opposite of trendsin the other two economic
blocs.

It must be stressed that the three economic blocs converged
during the 1990s, both in terms of the percentage of total
R&D financed by government, and government-financed
R& D as apercentage of GDP. On the one hand, regarding the
share of total R& D financing, the difference between the EU
and Japan in 1991 was almost 25 percentage points (41% vs.
16%). In 1999, the difference was reduced to less than 15 per-
centage points (34% vs. 20%). On the other hand, in the case
of government-financed R&D as a percentage of GDP, the
difference between the US and Japan in 1991 was some 0.6
percentage points (1.05% vs. 0.45%). In 1999, the gap was
less than 0.2 percentage points (0.76% vs. 0.58%).

Inthe sameway asin Section | (see R&D intensity forecasts),
likely scenarios for the future ratio between government
R&D financing and GDP will be examined next (figure
2.2.5). Calculations of the volume of government R&D
investment in relation to the development of national income
are based on arange of growth rates from the 1990s. The pro-
jections cover the period 2000-2010.

Figure 2.2.5 showstwo scenariosfor the possible evolution of
total R&D expenditure financed by government for the EU,
the US and Japan. Japan is the only country where the gov-
ernment seems to be assuming an increasingly important role
in R&D financing. In both the US and the EU, the govern-
ment sector appears set to decrease its share of financing of
total R&D, unless there are major changesin policy or in the
investment behaviour of financiers.

Theimportance of this potential decrease should beviewedin
the broader context of the eventual level of R& D expenditure
and the structure of itsfinancing. It isimportant that levels of
government-funded R& D expenditure should be maintained,
asthey are amaterial component of total R&D, and al so pro-
vide important multiplier effects by stimulating further busi-
ness-funded research. However, since thisindicator isashare
of the total, it should be borne in mind that, while the tota
amount of government funding might increase, it would still
reflect as a decreasing share if the tota funding of the busi-
ness sector increases at afaster rate.

On the other hand, considering the target agreed by the
Barcelona European Council to increase R&D spending in
the EU to 3% of GDPby the year 2010, figure 2.2.5 carriesan
alarming message. According to the target set in the
Barcelona summit, two thirds of R&D spending should be
funded by the business sector, while athird of total spending
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should be funded from other sources. In practical terms, the
bulk of the remaining third of funds—i.e. R&D investments
of approximately 1% of GDP by the year 2010 — should be
contributed by the public sector. If the downward trend of the
1990s continues, government-financed R&D in relation to
GDP will be between 0.4% (“worst-case scenario”) and
dightly over 0.5% (“best-case scenario”). Thus, the results
indicate that, if the EU isto approach the 3% target by 2010,
governments should also increase their R& D financing.

The share of government-financed R&D
in total R&D funding is in decline
in the EU

The average annual real growth of government-financed
R&D for individual countries in 1995-1999 is shown in
figure 2.2.6. Government financing increased most notably in
smaller economies and in countries catching up from a low
level of investment, as is the case with many indicators (fig-
ures 2.1.3, 2.1.4 and 2.1.8). The former group consists of
countries such as Austria, Belgium and Finland, where gov-

ernment invested less than 1.5 billion euro in R&D in 1999.
The latter group includes Portugal and Greece. The growth
ratesfor Portugal (13% per year), Greece (9%), Finland (9%),
Ireland (7%) and Belgium (6%) stand out in the EU group.

Compared to the figure for Japan (4%) over the 19961999
period, the relative rate of growth in government-financed
R&D was sower in 8 of the 14 EU countries for which data
are available. This group includes all the major EU
economies. Consequently, the growth rate recorded for Japan
was substantially higher than the EU average and the US,
where it was barely above zero.

The comparatively poor EU growth rate was due largely to the
UK and France’, which together accounted for over a third of
EU-level government-financed R&D in 1999, recording nega
tive growth rates in the late 1990s. In Germany, which is the
biggest public R& D investor in the EU, accounting for 30% of
total EU government financing of R&D with 15.7 billion euro
in 1999, the average annual real growth in public R&D invest-
ment was a the relaively low level of 0.4%.

2|taly also belongs to this group of countries. However, a break in series (1997) reduces the comparability of the results for Italy. The same problemis
experienced with regard to France. When breaks in series 