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EXECUTIVE SUMMARY

This is the 5™ edition of the Commission’s Report on the European Competitiveness since the
1994 Industry Council Resolution that established the basis for the Competitiveness Report.
Competitiveness in this Report is understood to mean a sustained rise in the standards of
living of a nation and as low a level of involuntary unemployment as possible. The special
theme of this Report is an analysis of the contribution of information and communications
technologies (ICT) and of innovation to productivity and to economic growth. In addition, the
Report contains a chapter on the innovative capacity of European biotechnology.

- Economic growth and the standards of living in the EU

Though for the EU the second half of the 1990s proved to be a better period in terms
of employment and GDP growth than the first half, the gap in GDP per capita
relative to the US widened throughout the decade. Moreover, in terms of labour
productivity the EU catch-up with the US came to a halt in the middle of the decade
and the gap has since then widened. Naturally, the overall EU performance hides a
mix of good and disappointing performances among Member States. In the second
half of the 1990s, Ireland, Luxembourg and Finland recorded the highest rates of
GDP growth while scoring very high both in terms of employment growth and labour
productivity growth. At the other end of the spectrum, Germany recorded the lowest
GDP growth rate resulting from below average growth of employment and of labour
productivity.

Empirical evidence indicates that roughly two-thirds of the gap in EU GDP per
capita relative to the US can be attributed to a lower labour utilisation while a lower
average labour productivity accounts for the remaining third." During the second half
of the 1990s, employment performance varied across the Member States with
Ireland, Spain, Luxembourg, the Netherlands and Finland recording employment
growth significantly higher than the EU average and the US while in all the
remaining Member States employment growth fell short of the US performance.
Productivity growth in Ireland, Luxembourg, Portugal, Finland and Greece was
higher than in the US and considerably above the EU average.

Growth in labour productivity can in turn be attributed to capital deepening (changes
in the capital/labour ratio) and technical progress, as measured by total factor
productivity. In the second half of the 1990s, both components of labour productivity
growth improved more in the US than in the EU. Furthermore, while historically the
contribution of capital deepening to labour productivity growth has been
substantially greater in the EU than in the US, in the second half of the 1990s this
relationship was reversed.

A sustained improvement in standards of living, the ultimate goal of economic
policy, requires substantive progress in production efficiency brought about by
improvements in the stock of capital, in the form of new investment, and by
technological progress. In other words, the economy must realise high growth in
productivity. For this reason, understanding the forces supporting technological

Estimates for 1998, see European Commission (2000): “Economic Growth in the EU: Is a “New”
Pattern Emerging?” Chapter 3 in the EU Economy 2000 Review, European Economy, n°® 71.



progress and productivity growth is crucial for guiding policy towards achieving the
ultimate objective of economic policy.

ICT and their contribution to productivity and economic growth

An important common characteristic across the US economy and the EU nations
whose economic performance compares favourably with that of the US is the
pervasive use of information and communication technologies (ICT).

The resurgence of productivity growth in the US in recent years has been attributed
to the adoption and diffusion of new technologies and to the accelerating pace of
product and process innovations. In particular, the diffusion of ICT has been
fundamental. These technologies now permeate a wide and ever-increasing set of
activities in economic life. ICT can be seen both as innovation per se and — due to
their general purpose character — as vehicles in the diffusion and the achievement of
further innovation in other sectors and fields. As an example, many of the recent
advances in the field of biotechnology and telecommunications would not have been
possible were it not for the remarkable developments in computational speed and
capacity.

The importance of ICT in the recent economic growth and productivity performance
in the US and in some EU Member States has two aspects. First, the ICT—producing
sectors, where spectacular technological advances have taken place, have directly
contributed to increases in productivity and economic growth.

Clearly, if this was the only route through which ICT benefits economic
performance, then only those countries with important ICT—producing sectors could
be expected to reap the associated benefits.

However, the evidence suggests that the impact of ICT is not limited to the
producing sectors alone but, as ICT is diffused throughout the economy, its impact
becomes particularly evident in ICT—using sectors. The latter are, of course, present
in virtually all facets of economic life. It is the general-purpose character of these
technologies that makes it possible for other sectors using them to experience and
benefit from significant improvements in productivity. As a result, the magnitude of
ICT expenditure and investment in a nation may be more important for growth
performance than the size of the corresponding ICT—producing sector. This is
undoubtedly an important message since it implies that a low level of technology
production in a nation may not necessarily inhibit productivity growth as long as the
diffusion of new technologies is widespread and their take—up is efficient. In other
words, nations that have virtually no production of ICT goods could still benefit
substantially by adopting ICT innovations.

The growing consensus that the strong growth and productivity performance in the
US is related to increased investment and diffusion of ICT goods and services has
raised concerns that the weaker economic performance of EU Member States is
caused by sluggishness in the adoption of these new technologies.

Recent empirical studies have estimated the contribution of ICT to aggregate
economic growth. In the US, ICT investment accounts for 0.8 to 1 percentage point
of output growth in the second half of the 1990s. Estimates for European countries
generally indicate a lower contribution of ICT to output growth. On average, about



0.4 to 0.5 percentage points of output growth in Europe can be attributed to ICT.
Compared to the US, Europe would appear to forego 0.3 to 0.5 percentage points of
economic growth due to lower levels of investment in ICT.

The ICT spending gap between the EU and the US persisted throughout the 1990s,
even though in both regions ICT expenditure increased. With regard to ICT
investment in the business sector, the gap vis-a-vis the US is even larger. In 1999,
US business investment in ICT as a percentage of GDP was almost twice the
European level of 2.4 percent. Nevertheless, it should be noted that ICT spending in
the EU Member States varies considerably. The UK and Sweden have already
surpassed the US, and the Netherlands, Denmark and Ireland have drawn close to it,
but some of the larger countries have performed less well.

The experience of the US but also of the smaller European nations that have
successfully adopted ICT across economic activities suggests that a variety of
complementary policies are necessary in order to reap the benefits of these
technologies. The role of government policies has been important: these countries
appreciated early the importance of ICT and acted decisively to remove obstacles
that could inhibit their introduction and use.

An overriding priority in these countries appears to have been a commitment to a
comprehensive strategy to facilitate the adoption of new technologies. They tackled
issues such as upgrading labour force skills, encouraging the mobility of scientific
and technical personnel across sectors and the modernisation of the regulatory
framework, strengthening the interdependencies characterising the technology and
innovation systems and also an explicit commitment to do things better. The early
liberalisation of the telecommunications sector undoubtedly contributed to this
process. Such measures made it easier for firms to adjust and adopt new
organisational models and to modify their strategies to take advantage of the new
technologies.

Finally, it is possible that the completion of the single market, with the intensification
of competition, contributed to the understanding that smaller EU Member States had
more to gain from economies of scale in a wider European market, and this could
well have strengthened the commitment to develop strategies aimed at taking full
advantage of ICT technologies in the Internal Market — for example though
electronic commerce. It is possible that country size matters substantially more than
many economists and policy makers would a priori assume, a possibility that has
implications for the design of policies at regional level. Growth in biotechnology, as
shown in the Report, also provides examples consistent with this possibility.

One of the critical findings of the OECD Growth Project is that improvements in the
quality of labour are essential ingredients of medium—term economic growth. Yet, in
recent years skill shortages in important technology areas have been reported in
several European countries. At the root of this development has been the diffusion of
ICT technologies coinciding with the liberalisation of telecommunication sectors and
the expansion of the Internet and of new media. It appears that, unlike in previous
years, when the long—term trend increase in the demand for skills was met by the
supply of technology professionals from the educational system, the surge in demand
for ICT—related skills in the 1990s found no corresponding supply forthcoming.



While the recent crisis in the valuation of Internet stocks may be taken to imply that
the demand for ICT skills is falling off, this may be misleading. The medium—term
demand for ICT skills will continue to be high as the European Union moves towards
its goal, set at the Lisbon summit in March 2000, of becoming the world’s most
dynamic and competitive knowledge-based economy by 2010. It is essential,
therefore, to ensure that skill shortages do not become obstacles to European growth.

Innovation and productivity in the manufacturing sector

Modern theories of economic growth point to innovation as a critical determinant of
productivity growth. Innovation is a complex process intertwined with factors such
as the strength of the knowledge base, institutional arrangements, qualifications of
the labour force, openness of the economy and an overall ability to take on board
improvements achieved in other countries or sectors. Other than through own
innovation, an economy may also improve its performance as a result of innovation
diffusion or through technology embodied in inputs and new capital goods, which in
turn may magnify the benefits of own research efforts. Indicators from the
manufacturing sector that proxy different characteristics presumed to facilitate
innovation and growth are indeed shown to be related to productivity and economic
performance. Advances in ICT technologies belong to such innovation-fostering
characteristics, and have played a crucial role in enhancing productivity.

A first step in understanding and identifying possible determinants of innovation
performance is to study the relationship between one crucial input to innovation,
research and development (R&D) expenditure, and performance indicators such as
production and productivity growth. The Report finds evidence of such a relationship
on data for the manufacturing sector.

During the 1990s, growth in production and in labour productivity in manufacturing
in the EU was far below the rates recorded in the US, marking a reversal of the
situation compared to the second half of the 1980s. Nevertheless, four countries —
Ireland, Finland, Austria and Sweden — recorded both production and productivity
growth rates in manufacturing above those in the US. During the 1990s, technology—
driven industries experienced the highest productivity growth in the EU, followed by
capital—intensive industries (in the latter group, the high growth took place mainly in
the first half of the decade). In the US, technology—driven industries were likewise
leading in terms of productivity growth throughout the 1990s. The good production
and productivity performance of capital-intensive industries in the EU during the
first half of the 1990s was most probably the result of the restructuring that took
place in these industries.

Evidence from the 1990s suggests that research intensity and productivity growth are
significantly related across sectors, both in the US and within the EU, though not in
each Member State. This relationship suggests that research efforts play a role in
fostering innovation and economic performance. At the same time, the absence of
such a relationship at country level may be a sign that international spillovers are at
work. Moreover, firm—level data for the EU and the US from the 1990s confirm
these findings. This evidence is consistent with the importance that policy-makers
attach to R&D.

If productivity performance depends significantly on technological advances
resulting from innovation, and given that innovations are diffused internationally at a



rather fast pace, the patterns of productivity growth should have become more
similar across regions. Indeed, data indicate an increasing convergence between the
US and the EU in terms of patterns of productivity growth. While in the 1980s US
productivity growth across industries was significantly different from the EU, in the
1990s these patterns became more similar.

Productivity growth in technology—driven industries (for example, chemicals,
pharmaceuticals, medical equipment, radio, TV and telephony equipment, motor
vehicles, aircraft manufacturing, spacecraft, optical equipment), in both the US and
the EU was faster in the second half of the 1990s than in the first. The impact of
technology—intensive industries on overall productivity growth is greater in the US
than in the EU, reflecting in part the larger share of these industries in the US
economy.

When research intensity (R&D expenditure over production) and productivity growth
are brought together across sectors in the US and the EU, the evidence is that high
research intensity is never associated with low productivity growth, and low research
intensity is usually associated with low productivity growth. Nevertheless, in the US
certain sectors of low research intensity (tobacco products, apparel) have recorded
high productivity growth whereas this has not been the case for the EU.

The manufacturing sector has benefited substantially from productivity advances
associated with innovation during the 1990s. However, other factors have also
contributed to production and productivity growth, such as the capabilities of firms,
the stock of knowledge and ICT. Accumulation of these assets, many of which are
intangible, often reflects strategic decisions on the part of businesses and constitutes
the basis on which assets are built up in the future. This Report, in finding that these
variables are important, provides some support for recent theories of economic
growth that emphasise the role of institutions and strategic behaviour on the part of
firms in economic growth.

The slump in the ICT sector in recent months has caused severe disruption to
investment plans and to the diffusion of IC technologies in domestic economies as
well as the international economy. Although these short-term developments are
clearly disquieting, they should be considered in a medium-term perspective. The
underlying factors that have contributed to the ICT expansion remain in place and
hold the firm promise for further growth. In particular, prospects are good for
continuous price declines of ICT goods, associated with the development of new,
more advanced and more powerful semiconductors. These suggest that the process of
ICT diffusion and ICT capital deepening will also continue for some considerable
time. Furthermore, as a new generation of IC technologies comes into economic use,
further reorganisation of the mode of production and exchange of goods and services
will be necessary. And, finally, the structural reforms under way in Europe will
undoubtedly play a supportive role in the adoption and diffusion of IC technologies.It
is, therefore, virtually certain that substantial gains from information technologies
and the associated innovations will be possible in the future.

Innovation and biotechnology

Biotechnology is an industry where innovation has been at work at an impressive
pace and with remarkable results. It is also an industry where some core issues of the
innovative process are prominently present (small versus large firms, where the latter



have often been instrumental in supporting the growth of the small ones, yet it is the
former that are especially innovative; clusters of activity, where networking is an
essential condition for dynamism and knowledge exchange; and inadequate
financing). Thus, biotechnology offers a very good ground for analysis of
comparative strengths in innovation and allows for the specific linking of innovation
inputs such as research effort, human capital, institutional framework, firms’
capabilities and collaborative arrangements, and innovation output such as patents,
publications and new products or processes. In biotechnology as in other industries,
innovative capacity and competitiveness coincide.

The distinctive features of innovation in this industry are the collaborative basis of
research and the importance of small firms. Biotechnology highlights the importance
of firms’ “capabilities” — the ability to mobilise and exploit new knowledge and to
reach out and exploit collaboration among agents and across stages of product
development, scientific disciplines and industry frontiers. The sector is characterised
by a new breed of agents, small specialised firms — Dedicated Biotechnology Firms
(DBFs) — that have been developed with the explicit aim of exploiting the new
technologies of life sciences for various industrial purposes. Although it took some
time, the work of these firms is having a remarkable and radical impact, particularly
in the health care sector.

Patent and collaborative project data indicate that the US has accumulated and
maintains a dominant advantage in innovative activities in biotechnology compared
to Europe.. There is now agreement that this leadership originates essentially in the
strength of its DBFs and, more generally, in the development of a deep market for
technology. Nevertheless, some of the smaller European countries (Ireland, the
Netherlands and the Nordic countries) appear to specialise successfully in
biotechnology niche markets. Also a spectacular increase has been observed recently
in the number of new firms’— from 1996 to 2000 the population of independent
European DBFs almost doubled to close to 2 000 — and in the clustering of research
and production in Europe.

The distribution of biotechnology DBFs in Europe is dominated by a relatively small
number of clusters that are located mainly in parts of Germany, the UK, France and
in some areas of the Baltic coast.

Biotechnology involves the exploration of an enormous area of imprecisely defined
opportunities. Consequently, for a successful biotechnology sector it is necessary to
have both a decentralisation of efforts and a diversity of approaches, as well as an
ability to co-ordinate these elements.

It may be argued that Europe’s lag behind the US in biotechnology is partly a
reflection of its late entry. Innovative activities are generally characterised by
increasing returns, and being first confers long-lasting leadership. But this may not
be the only factor. A fundamental precondition for a successful development of
biotechnology is the availability of leading edge scientific capabilities — without a
strong and diversified scientific research base, no technological take—off is possible.
Moreover, success in this industry depends on a delicate blend of competencies and
incentives and requires the integration and co-ordination of several differentiated
agents, capabilities and functions. In particular, new European DBFs are generally
smaller than their US counterparts, less active in global networks and collaborative
relationships and less present in markets for these technologies. Access to an
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international scientific community requires direct and active participation in
networks of scientists. One finding of the Report concerning European biotechnology
is that whilst Europeans carry out a level of biotechnology research in the US that is
comparable to that in other sectors, comparatively little US research is done in
Europe. The apparent unattractiveness of Europe to US research appears to be
particular to biotechnology.

US research in life sciences has undoubtedly benefited from massive public support,
while European efforts in this area have remained fragmented. Moreover, the
European research system in the area of biotechnology appears to be weak in terms
of organisational diversity; specialised in rather narrow fields and insufficiently
interconnected across different research areas, types of organisations, stages of the
research process and national borders. European DBFs are still far too small to make
maximum use of networks of collaborative research. Thus, their ability to grow
appears severely constrained. Finally, DBFs exist in a relationship of strong
complementarity with the large corporations. The latter are not only the fundamental
source of demand for the products and services of DBFs but, equally importantly,
they also provide the integrative capabilities that transform fragments of knowledge
into products and constitute precious reservoirs of technological and managerial
competencies. Especially in Europe, DBFs have been, and may increasingly become,
spin—offs of large incumbents, rather than of universities, as in the US. Supporting
the creation of DBFs may raise the competitiveness of the “downstream” industries,
mainly pharmaceuticals.

Several Member States have had policies to promote biotechnology in place for
several years. Although there has been some success, notably in the promotion of
biotechnology start-ups, the growth of DBFs in Europe appears to be hindered. To a
considerable extent, this may be due to regulatory, entrepreneurial, fiscal or financial
factors. However, in addition to these factors, the supply of cutting edge scientific
research may be inadequate. If so, this problem could be addressed not only through
higher levels of research funding but also through more pluralism in funding sources,
lower dependence on closed national systems and higher integration of research with
teaching, clinical research and medical practice.
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CHAPTER I:
INTRODUCTION

A prominent objective of the EU in recent years has been to improve the environment in
which firms conduct business. This was explicitly set out in the conclusions of the Lisbon
European Council of March 2000 where it was stressed that the ‘“competitiveness and
dynamism of businesses are directly dependent on a regulatory climate conducive to
investment, innovation and entrepreneurship™. Entrepreneurial dynamism is a pre-condition
of economic and employment growth, wealth creation and raising standards of living. The
ultimate objective set out in the Lisbon European Council (that the EU becomes the most
competitive and dynamic knowledge—based economy in the world over the decade, capable of
sustainable economic growth with more and better jobs and greater social cohesion) can only
be reached through a set of policies central to which is the flourishing of entrepreneurship.

The European Commission contributes to this goal through various policy instruments falling
under its responsibility. However, the principal areas where changes are necessary are the
responsibility of the Member States. In recognition of this, and in order to implement the
strategy, the Lisbon Council introduced a new open method of coordination among the
Member States. Central to this method in the area of enterprise policy is the study of best
practices, the possibility of learning, exchanging information and adopting such best practices
between the Member States, and arriving at policy decisions according to the specific
circumstances of each Member State.

Responding to the demands addressed to the Commission by the Lisbon European Council,
the Directorate General for Enterprise has structured its work around three main activities:

— Production of Scoreboards. Scoreboards provide systematic comparisons of the
performance of the Member States among themselves and with the best performers
in the world — the Enterprise Scoreboard and the Innovation Scoreboard. Scoreboards
pose rather than answer questions concerning various aspects of entrepreneurship,
innovation and market access.

— The Best Procedure. This procedure revolves around the joint analysis with the
administration of each Member State of a select number of practical issues of
particular concern to enterprise policy.

— The Competitiveness Report, the Observatory of European SMEs, and other studies
of similar importance and orientation in the area of /nnovation. These constitute in-
depth analyses of themes of particular interest to the performance of European
industry, European SMEs and European innovation systems. These studies tend to be
analytical in nature and their purpose is to build a body of diagnosis and knowledge
about European enterprise and innovation performance, and to provide formal
arguments that support the Commission’s policy approaches.

In addition, a fourth activity centred on using quantitative targets and aimed at focusing better
in the implementation of enterprise policy was launched in autumn 2001.

See Presidency Conclusions, Lisbon European Council, 23 and 24 March 2000. The message of the
Lisbon Council was reiterated in the Conclusion of the Stockholm European Council; see Presidency
Conclusions, Stockholm European Council, 23 and 24 March 2001.

12



— Quantitative targets in enterprise policy. Following the Stockholm Council
Conclusions, the Member States have been invited to set quantitative targets in the
area of enterprise policy with a view to strengthening the momentum towards the
Lisbon objectives. To this effect, the Commission has already initiated the first steps
in developing this voluntary and non-legislative method of coordination.

The present Competitiveness Report, which has been produced in accordance with the
Council Resolution of 21 November 1994 on strengthening the competitiveness of the
European industry, reviews the performance of the EU in terms of the ultimate goals of
economic policy, the growth of incomes and the creation of employment. The Report will be
released in time for examination and debate by Industry Ministers in December 2001. The
2001 Report is devoted to issues that are crucial for the attainment of the ultimate goals of
economic policy, that is, issues of innovation in the EU and, more precisely, innovation in the
manufacturing sector. While its share in economic activity and employment has been
declining, the manufacturing sector has nevertheless seen impressive productivity gains,
reflecting partly the impact of competition that has necessitated fundamental restructuring, a
process that is still unfolding.

The resurgence of output and productivity growth in the US in the second half of the 1990s,
and the failure of several Member States to measure up to this, has raised concerns across the
EU about the sources and implications of these developments. This productivity resurgence
does not reflect innovations implemented on the shop floor but rather new methods of
organisation and work and of using technology among white—collar staff. Analysis of these
developments has underlined the importance of innovation, especially in the information and
communications (ICT) sector, for the acceleration in productivity growth.

ICT innovations are having a pervasive impact on economic performance. Technical progress
in the semi-conductors industry since the 1960s has been such that there has been a steady
decline in the price of ICT products throughout the past half-century. This decline has been
transmitted to the rest of the economy through the decline in the price of ICT products —
computers, computer software and telecommunications equipment. In turn, the wide
application of ICT, especially in the areas of computing and telecommunications, has led to a
rapid decline in the price and cost of these and of a variety of other products.

The consequent decline in the cost of ICT capital has provided powerful incentives for
substitution away from other forms of capital and from some labour services. Indeed, a
capital-deepening process, which has characterised European growth throughout the post-war
period, has accelerated in several countries. The increasing use of ICT in various sectors of
the economy is contributing not only to further substitution in favour of newer types of capital
but also to capital for labour and to cost reductions across all sectors. Evidence already
suggests that layers of management and support staff have been replaced by new
technological initiatives and organisational changes in the US and to a lesser extent in Europe.

One area of concern for European policy makers is currently the area of biotechnology.
Biotechnology is a sector characterised by rapid innovation undertaken to a large extent by
innovative SMEs. As in other areas of technology and innovation, the US is currently leading
commercial biotechnology research and applications. However, European research is also
strong and promises to develop and compete internationally if structural, institutional,
financial and legal problems are addressed appropriately. The Report reviews the complex
circumstances that determine Europe’s performance in biotechnology and identifies possible
reasons for its weakness compared to the US.
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The Report centres around three broad questions:
— Is innovation an important element for economic growth and productivity?

— Can innovation account for differences in economic growth and productivity across
the EU and across the Member States within the EU and for the growth and
productivity gap between Europe and the US?

— Is Europe making sufficient progress towards the pace of innovation and commercial
use observed in the corresponding US performance?

The Report is laid out as follows.

Chapter II reviews evidence on developments in economic growth and standards of living in
the EU and the Member States, especially in comparison with the US. Chapter III examines
the sources of productivity growth and its relation to ICT. This chapter examines data and
evidence from both the US and Europe on the importance of ICT in productivity growth
especially in the 1990s.

Chapter 1V reviews the impact of innovation in manufacturing performance again drawing
comparisons between the experience of the EU and the US. Clearly, the role of R&D is
crucial here. While Europe’s overall productivity performance worsened when compared to
the US in the second half of the 1990s, less divergence is recorded in the manufacturing
sector. This chapter also reviews the factors contributing to growth across the individual EU
Member States.

The final Chapter V is an extensive case study of the innovative capacity of the European
biotechnology industry. This sector has been characterised by rapid innovations, most of
which have been initiated in the US and often by European firms. Europe is encountering a
variety of problems in realising the potential of this sector, and there is ample evidence that
European researchers patent their innovations and set up their companies in the US. There are
signs that in recent years activity has strengthened in Europe and it is possible that European
biotechnology will be in a position to compare favourably with the corresponding US sector
in coming years. The chapter explores some of the major factors behind the so far timid but
fundamentally worrying trends in European biotechnology and concludes with a diagnosis of
major problems and a discussion of possible responses.
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2.1.

CHAPTER 11:
ECONOMIC GROWTH AND STANDARDS OF LIVING

Introduction

A nation’s economic growth is determined by the rate of utilisation of the factors of
production — capital and labour — and the efficiency of their use. Traditionally,
economic growth in Europe has been characterised by increased use of capital
relative to labour and by high productivity growth *. Productivity growth in particular
has been notably higher than in the US throughout the past quarter century, reflecting
a convergence process. However, in recent years new trends have emerged with
output and productivity growth in the US outstripping that in the EU. This has raised
important questions about the underlying determinants of these developments and
their implications for growth and standards of living in the EU. It has also been
recognised that, to reverse these developments, structural reforms and policies that
support competitiveness and innovation are essential®. Competitiveness in the sense
used in this report refers to the ability of an economy to provide its population with
high and rising standards of living and high rates of employment on a sustainable
basis’. These ambitions could be thwarted should productivity growth in the EU fail
to accelerate in a sustainable manner.

Until recently, economic growth was analysed in a framework that essentially linked
output to factor inputs (a production function). However, recent research on the
determinants of growth has not only refined this framework but has also extended it
and has considered a broader set of factors seen as contributing to growth. It has now
become clear that, apart from the quantity and quality of factor inputs, other factors
also play a crucial role in a process where economic dynamism and innovation
flourish. Such factors include organisational characteristics, interactions between
economic policies and economic agents, as well as relationships between economic
agents. The analysis also points to a role that policy makers can play in creating an

institutional framework that is conducive to innovative activity and enhanced human
skills.

This chapter reviews evidence about recent EU performance with regard to various
indicators reflecting competitiveness and standards of living, and compares the EU
with the US and Japan. Annex 1 provides an overview of the various theories which
examine the causes of economic growth. Annex 2 summarises the conclusions of the
OECD’s recent Growth Project.

See Crafts and Toniolo (1996) and van Ark and Crafts (1996).

See point 5 of Presidency Conclusions of the Lisbon European Council on 23-24 March 2000, available
on the website of the Council at: http://ue.cu.int/en/Info/eurocouncil/index.htm.

The European Commission (1996 and 1998) adopted a concept of competitiveness along these lines.
Clearly, this concept differs from what is conventionally regareded as constituting competitiveness, that
is, the relative price of a specific product or industry output originating in different nations in world
markets. While important, the latter concept finds no counterpart where national competitiveness is
concerned. Moreover, it implies that losses of competitiveness correspond to losses of output. While
this may be correct for specific industries, it is not meaningful when a nation’s competitiveness as a
whole is under review.
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2.2.

GDP per capita as indicator of living standards

Over the past decade the EU has seen a sustained deterioration of its standards of
living compared to the US, as measured by per capita gross domestic product (GDP).
Graph II.1 shows that in 2000, the EU’s relative standard of living compared to the
US was lower than ever in the preceding quarter century. This undoubtedly reflects
the exceptional growth performance of the US during the 1990s. Japan has also
experienced a similar performance, but its relative position has deteriorated more
sharply than that of the EU, and from a higher peak of around 85 percent of the US
level in the early 1990s.

Graph I1.1: GDP per capita: widening gap vis-a-vis the US
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Source: Commission services.

The EU-15 aggregate conceals significant differences in the performance of
individual Member States. Luxembourg has a per capita GDP nearly 20 percent
above the US level (Table II.1). In three Member States (Greece, Portugal and
Spain), GDP per capita is between 45-55 percent of the US level, while in the
remaining eleven Member States, GDP per capita ranges from 60 % to 80 % of the
US level.

During the 1990s, Ireland and Portugal converged further towards the EU average. In
particular, Ireland has caught up in a spectacular manner. In the late 1980s, per capita
GDP in Ireland was less than half that of the US. As a result of average annual GDP
growth of over 7 percent, Ireland now has the second highest per capita GDP in EU-
15, second only to Luxembourg and at 80 percent of the US level.
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2.3.

Table I1.1: GDP per capita in EU Member States, US and Japan in 2001

(US=100)
Luxembourg 127
Ireland 80
Denmark 78
Netherlands 77
Belgium 73
Austria 71
Finland 68
Germany 68
United Kingdom 67
Italy 66
Sweden 66
France 64
Spain 53
Portugal 48
Greece 45
EU-15 65
United States 100
Japan 71

Source: Commission services.

GDP growth

The second half of the 1990s was a period of solid growth in the EU. After declining
in the first half of the 1990s, employment growth rebounded and the growth of GDP
accelerated in all the Member States except Germany (see Table 11.2). Yet, the US
did even better in terms of both GDP growth and employment creation; similarly,
labour productivity growth in the US was significantly higher than in the EU. A key
question is why the EU has been unable to match the strong performance of the US.

In the second half of the 1990s, three Member States stood out with their high GDP
growth: Ireland, Luxembourg and Finland registered annual growth rates of 5 percent
or above. Germany and Italy recorded the lowest annual growth rates, not exceeding
2 percent. The EU average of 24 percent compares to 4 percent annual growth in the
US.

The following sections will discuss the main components of GDP growth in the EU,
the US and Japan. It should be noted that population growth in the EU has been
slower than in the US, implying that the growth differentials in GDP per capita are
smaller than those in GDP growth. Nonetheless, as the preceding section showed, the
US performance has been superior to that of the EU also in terms of GDP per capita
growth.
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Table I1.2: Growth of real GDP in EU Member States, US and Japan in
1975-2001
(average annual growth in percent, ranked according to performance in 1995-2001)

1975-1985 1985-1990 1990-1995 1995-2001
Ireland 3,5 4,6 4,7 9,1
Luxembourg 2.4 6.4 5,4 6,1
Finland 2,9 3,3 -0,7 4,9
Netherlands 1,9 3,1 2,1 3,7
Spain 1,6 4,5 1,5 3,7
Greece 2,1 1,2 1,2 3,5
Portugal 3,0 5,5 1,8 3,4
Sweden 1,5 2,3 0,6 2,9
United Kingdom 1,9 3,3 1,6 2.8
Belgium 2,1 3,1 1,5 2,8
Denmark 2,1 1,3 2,0 2,6
Austria 2.4 3,2 2,0 2,5
France 2.4 3,3 1,1 2,5
Italy 3,0 2,9 1,3 2,0
Germany 2,2 3,4 2,0 1,8
EU-15 2,3 3,2 1,5 2,6
United States 34 3,2 2,4 3,9
Japan 3,8 5,2 1,5 1,1

Source: Commission services.
Employment growth and labour productivity

GDP growth can be broken down into employment growth and growth in the average
output per employed person. The former is illustrated by trends in the employment
rate, i.e. the proportion of working-age persons who are in employment. The latter,
average labour productivity, implicitly captures the impact on output growth of all
variables other than employment growth, such as capital investment, technological
progress, or increases in human capital.

Graph 11.2 shows that Japan has an employment rate above those in the EU and the
US, even though the sustained increase seen in the US in the 1990s brought its
employment rate very close to the Japanese level. While the US and the EU had
similar employment rates in the late 1970s, in subsequent years the US saw an
increase of some 10 percentage points to approximately 75 percent by 2001. The EU,
in contrast, failed to raise its employment rate, which at present is 66 percent.
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EU leaders, at their summit in Lisbon in March 2000, agreed on a target of raising
the employment rate by 9 percentage points by 2010. This would roughly correspond
to closing the actual employment gap with the US.%’

Graph I1.2: Although increasing, EU employment rate far below US level
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Source: Commission services.

Strong employment growth has contributed significantly to US economic growth
over the past decades. EU performance has been more variable. A study by the
European Commission (2000) looked at the contribution of labour inputs to growth,
using a broader definition of labour inputs than just the employment rate.® In the first
half of the 1990s, the estimated contribution of labour inputs to growth in GDP per
capita was negative in the EU, due to declining employment rates and reductions in
working time. Although the average hours worked continued to decline, the overall
labour contribution to EU growth turned positive in the second half of the decade,
when employment increased and participation rates rose. Nevertheless, the labour
contribution to per capita GDP growth in the second half of the 1990s was only one
third of that in the US.

This employment rate target is set on the basis of data from the Labour Force Survey, which differ from
the national accounts definitions used elsewhere in this Chapter. The official target is to raise the
employment rate from the 61 per cent in 2000 to as close as possible to 70 per cent by 2010 (both in
terms of Labour Force Survey data).

Presidency Conclusions of the Stockholm European Council on 23-24 March 2001 and the Lisbon
European Council on 23-24 March 2000, available on the website of the Council at:
http://ue.eu.int/en/Info/eurocouncil/index.htm.

The European Commission (2000) breaks down the labour contribution to per capita GDP into four
components: i) demography (share of those of working-age in total population); ii) labour force
participation rate (share in working age population of those who work or are actively looking for a job);
iii) extent of unemployment (total employment as proportion of the labour force); and iv) average hours
worked per person in employment. In 1998, all these components except the proportion of working age
persons in total population were more favourable in the US.
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Estimates for 1998 indicate that lower labour utilisation in EU-15 accounted for two
thirds of the gap with the US level of per capita GDP, while the remaining third was
due to lower average labour productivity.” A variety of causes are behind the lower
level of labour utilisation. While high unemployment is a major cause for concern,
shorter working hours may instead reflect a social preference for leisure time over
additional income.

Among the Member States, employment rates range from 56 percent in Greece to 77
percent in the Netherlands (Table I1.3). The Netherlands, Sweden and Denmark have
employment rates comparable to or higher than the US. Since the mid-1990s,
employment increased at the highest rate in those five Member States which
registered the highest GDP growth rates in the EU (Ireland, Luxembourg, Finland,
the Netherlands and Spain).

Table 11.3: Employment growth in EU Member States, US and Japan in
1975-2001, and employment rates in 2001
(average annual growth in percent, ranked according to performance in 1995-2001)

1975-1985  1985-1990  1990-1995  1995-2001  mployment
rate in 2001
Ireland 0,0 1,1 1,9 5,1 68
Spain -1,6 3,3 -0,5 2,8 59
Luxembourg 0,0 1,4 0,5 2,6 66
Netherlands 0,5 2.3 1,1 2,6 77
Finland 0,5 0,3 -3,8 2,0 66
France 0,2 1,0 -0,2 1,2 63
United Kingdom -0,2 1,8 -0,9 1,2 71
Belgium -04 1,0 -0,2 1,1 60
Italy 0,8 0,8 -0,7 1,1 59
Denmark 0,5 0,1 -0,5 1,0 76
Sweden 0,5 1,0 -2.2 0,9 75
Greece 1,2 0,7 0,6 0,7 56
Germany 0,2 1,4 -0,3 0,6 69
Austria 0,1 0,7 0,2 0,6 74
Portugal -0,3 1,1 -0,5 0,4 73
EU-15 0,1 14 -0,5 1,2 66
United States 2,2 2,0 0,9 1,4 75
Japan 0,9 1,0 0,7 0,0 76

Source: Commission services.

See European Commission (2000).
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The long term trend in the EU towards catching up with the US in labour
productivity came to an end in the mid-1990s, when the productivity gap started to
widen again (Graph IL.3). In the second half of the decade, the rapid acceleration of
labour productivity growth in the US and the simultaneous slowdown in the EU led
to a new widening of the productivity gap vis-a-vis the US (see Table 11.4). Of the
EU Member States, only Luxembourg has a higher level of labour productivity than
the US. In the majority of the Member States, labour productivity is currently
between 60-80 percent of the US level.

Graph I1.3: Labour productivity in the EU falls further
compared to the US
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Table I1.4: Labour productivity in EU Member States, US and Japan in
1975-2001
(average annual growth of GDP/employed person in percent, ranked according
to performance in 1995-2001)

Labour productivity
1975-1985 1985-1990 1990-1995 1995-2001 in 2001
(US=100)
Ireland 3,5 3,5 2,7 39 87
Luxembourg 23 5,0 4,9 3,4 145
Portugal 3,3 4.4 23 2,9 48
Finland 2,4 3,0 3,2 2,9 76
Greece 1,0 0,5 0,7 2,7 59
Austria 2,3 2,5 1,9 1,9 70
Sweden 1,0 1,2 2.8 1,9 67
Belgium 2,5 2,1 1,7 1,6 92
United Kingdom 2,2 1,5 2,5 1,6 72
Denmark 1,6 1,2 2,5 1,5 76
France 2,3 2,2 1,2 1,3 78
Germany 2,0 2,0 2,3 1,2 71
Netherlands 1,4 0,8 1,0 1,0 72
Italy 2,2 2,0 2,0 0,9 82
Spain 32 1,2 2,0 0,9 65
EU-15 2,2 1,8 2,0 1,3 73
United States 1,2 1,2 1,5 2,5 100
Japan 2,9 4.1 0,8 1,1 67

Note: Growth rates were calculated on the basis of GDP at constant 1995 prices and national
currencies, while the 2001productivity levels are based on GDP at current market prices and PPS.

Source: Commission services.

Table IL5 illustrates the breakdown of GDP growth in the Member States into
employment growth and labour productivity growth.'"’ Countries are classified in
groups according to whether their performance was above, close to or below the
average. The benchmark for these comparisons is the average EU growth rate of the
respective variable. In Ireland, Luxembourg and Finland, high GDP growth in the
second half of the 1990s was associated with both strong employment growth and
rapidly rising labour productivity. These three Member States registered the highest
GDP growth rates in the EU.

Annex 1 to Chapter IV provides more information on the national developments and strategies of
individual Member States.
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2.5.

The fourth and fifth in terms of GDP growth were the Netherlands and Spain: growth
in these two countries was based mainly on a solid increase in employment, while
labour productivity increased only moderately. Above-average growth of labour
productivity in Portugal and Greece reflects that they are continuing to catch-up with
the rest of the EU; despite rapid productivity growth, their productivity levels are still
clearly below the EU average (Table 11.4). The performance of the five largest
Member States was below, or close to, the EU average.

Table I1.5: Employment and labour productivity growth, 1995-2001

Employment growth
Close
< average > average
to average
< average Italy Spain
= Belgium
>
k> Close to Germany UK
s = Netherlands
e = average Japan Denmark
= o
; = France
£ Greece Ireland
= UsS .
- > average Portugal Finland
. Sweden
Austria Luxembourg
Note: On both axes, countries are compared to the average annual growth rate in EU-15 in 1995-

2001. Total employment growth in the Member States ranged from 0.4 percent to 5.1
percent p.a. The category ‘close to average’ includes countries with a growth rate of +/-0.4
p.p. around the EU average of 1.2 percent.

Labour productivity growth ranged from 0.9 percent to 3.9 percent p.a. among the Member
States. The category ‘close to average’ includes countries with a growth rate of +/-0.3 p.p.
around the EU average of 1.3 percent.

Source: Commission services.
Capital deepening and technological progress

Labour productivity growth is determined by capital deepening, i.e. growth in the
stock of capital per employed person, and technological progress, measured by
growth in total factor productivity (TFP).

Capital deepening is a long-term process determined primarily by investment. In the
short run, changes in employment can have a great impact on the capital/labour ratio.
An increasing capital/labour ratio in the EU helped it to catch-up with the US in
terms of labour productivity until the mid-1990s (Graph 1.4 and Table I1.4). It
should, however, be stressed that declining employment explains a considerable part
of the increase in the capital/labour ratio in the first half of the 1990s.

In the second half of the 1990s, capital deepening was very rapid in the US, whereas
there was a clear slowdown in the EU. The rise in US investment was linked to the
rapid increase in the quality of information and communication technology (ICT)
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products, combined with a steep decline in their relative price, which decisively
boosted ICT investment.''

Graph 11.4: Capital deepening in EU, US and Japan
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Note:  The figures indicate how much (in percentage points) capital deepening, or the substitution of
capital for labour, contributed to overall labour productivity growth. See also footnote 12.

Source: Commission services.

For the EU Member States, changes in the capital/labour-ratio in 1995-2001 were
strongly correlated with changes in employment. Portugal, Greece and Austria,
where capital deepening was most marked, were among the weakest performers in
terms of employment growth (Tables I1.2 and 11.4). The opposite is true for Ireland,
the Netherlands and Finland, where strong employment growth led to a declining
capital/labour-ratio. In contrast, the US registered rapid growth regarding both
employment and investment; both factors contributed significantly to US economic
growth in the second half of the 1990s.

11

For more information on ICT investment in the EU and the US, see Chapter III.
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Table I1.5: Capital deepening in EU Member States, US and Japan in 1975-2001
(average annual contribution to labour productivity growth in percentage points;
ranked according to performance in 1995-2001)

1975-1985 1985-1990 1990-1995 1995-2001
Portugal 1,5 0,8 1,1 1,1
Greece 1,1 0,7 0,6 0,8
Austria 1,0 0,6 1,0 0,7
Germany 0,8 0,2 1,0 0,5
Belgium 1,1 0,5 0,9 0,4
United Kingdom 0,6 0,2 0,8 0,4
Luxembourg 0,6 0,1 0,8 0,4
Denmark 0,5 0,7 0,5 0,4
Italy 0,7 0,6 0,9 0,3
Spain 1,7 0,2 1,3 0,3
France 1,0 0,7 0,9 0,3
Sweden 0,5 0,4 1,0 0,0
Ireland 1,7 0,5 0,1 -0,1
Netherlands 0,9 0,1 0,4 -0,1
Finland 0,9 1,0 1,4 -0,4
EU-15 0,9 0,4 1,0 0,4
United States 0,2 0,1 0,3 0,7
Japan 1,5 1,3 1,1 1,0

Note: The figures indicate how much (in percentage points) capital deepening, or the substitution of
capital for labour, contributed to overall labour productivity growth. See also footnote 12.

Source: Commission services.

Growth in total factor productivity (TFP) is measured by the difference between
output growth and the growth of inputs (weighted average of labour and capital)'®.

The relationship between output and inputs can be described by a production function for the economy
as a whole. Assuming that the production function is of the Cobb-Douglas type, the rate of output
growth (y) depends on: the rate of growth of labour inputs (¢) — measured by the growth in total
employment; the rate of the growth of capital input (k) — measured by the growth of the capital stock;
and a residual which is total factor productivity growth (TFP; Graph 1.5 and Table 1.5). The equation
reads: y =TFP + ae + (1-o)k

where o denotes the partial elasticity of output with respect to labour. As the rate of growth of labour
productivity corresponds to the difference between the growth of output (y) and of labour (e),
subtracting (e) from both sides of the equation yields the desired division of the rate of growth of labour
productivity: y —e=TFP + (1-a)(k-€)

where (k-e) corresponds to the rate of growth of the capital-labour ratio and measures the speed of
capital deepening. Multiplied by (1-c), this expression measures the effect of the substitution of capital
for labour (Graph 1.4 and Table 1.4) on labour productivity growth.
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An increase in total factor productivity means that more output can be produced with
a given level of labour and capital inputs. As a residual, TFP growth incorporates the
effects of changes in the degree of factor utilisation, innovation and technological
progress, or measurement errors. Furthermore, as the present method of calculating
labour productivity growth does not take into account changes in the quality of inputs
(such as better capital goods or an improvement in the educational attainment and
skills of the labour force), such changes are also reflected in TFP growth. One of the
key factors enhancing TFP in recent years has been investment in new ICT capital
goods which have a higher marginal product than many other capital goods."
Finally, cyclical factors are also likely to have an impact on TFP growth — in periods
of rapid growth, the degree of factor utilisation tends to be higher and vice versa.

Graph IL.5 illustrates the growth of total factor productivity in the EU, the US and
Japan. A comparison with Graph 1.4 shows that TFP growth was by far more
important than capital deepening in explaining labour productivity growth in both the
EU and the US in the second half of the 1990s. In EU-15, TFP growth slowed
somewhat, while the US registered a strong acceleration. Japan’s TFP growth
collapsed in the 1990s.

Graph I1.5: Total Factor Productivity Growth in EU, US and Japan
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Table I1.5 presents total factor productivity growth rates in the Member States, which
are ranked in descending order according to their performance in the period

Chapter III deals with ICT and its impact on productivity, while Chapter IV discusses the role of ICT,
knowledge and innovation for productivity growth in manufacturing.
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2.6.

1995-2001. The data confirm that European TFP growth exceeded by a considerable
margin the US rate in the period 1975-1995. However, during the past six years the
pattern has been reversed, with the US forging ahead.

Ireland and Finland posted exceptionally high TFP growth rates in the second half of
the 1990s. Greece, Sweden, Portugal, Luxembourg and Austria also registered
average TFP growth at or higher than the US rate during this period. All the best
performers were small Member States, while the large EU countries performed quite
weakly — Germany, Italy and Spain especially poorly.

Table I1.6: Total Factor Productivity Growth in EU Member States, US and
Japan in 1975-2001
(average annual growth in percent, ranked according to performance in 1995-2001)

1975-1985 1985-1990 1990-1995 1995-2001
Ireland 1,8 2,9 2,6 4,0
Finland 1,5 2,0 1,8 3,3
Greece -0,2 -0,1 0,1 1,9
Sweden 0,5 0,8 1,7 1,9
Portugal 1,8 3,6 1,3 1,8
Luxembourg 1,6 3,1 1,9 1,6
Austria 1,3 1,9 1,5 1,5
Belgium 1,3 1,6 0,8 1,2
United Kingdom 1,6 1,3 1,7 1,2
Denmark 1,2 0,5 2,0 1,2
France 1,4 1,7 0,6 1,1
Netherlands 1,1 1,1 1,0 1,1
Italy 1,3 1,5 1,2 0,7
Germany 1,2 1,7 1,1 0,7
Spain 1,6 1,0 0,6 0,5
EU-15 1.4 1,5 1,1 1,0
United States 1,0 0,9 0,9 1,5
Japan 1,4 2.8 -0,3 0,2

Source: Commission services.
Concluding comments

An estimated two-thirds of the EU gap with the US GDP per capita level results from
lower levels of labour utilisation, while the remainder is due to lower labour
productivity in the EU. While part of the lower utilisation of labour reflects shorter
working hours in the EU and may be considered as a matter of social choice, the
higher level of unemployment constitutes a cause for concern. The EU leaders have
set an employment rate target, calling for a 9 percentage point increase in the EU’s
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employment rate between 2000 and 2010. While higher employment is needed in
order to catch up with the US GDP per capita levels, in the longer run productivity
growth will be the key to achieving higher standards of living.

Labour productivity in the EU had converged towards the US level for several
decades. However, the mid-1990s marked a turning point in this process. A rapid
acceleration of productivity growth in the US coincided with a deceleration in the EU
and led to a renewed widening of the productivity gap, thus erasing to some extent
the convergence gains made. EU performance in the second half of the 1990s was
not by itself especially discouraging, with GDP growth accelerating and employment
rising. The central issue is to explain why the US could still do significantly better in
both respects. For an explanation, it is necessary to review the causes behind the
differing productivity performances. This is the task of the following two chapters,
which review the evidence on the impact of ICT investment on productivity and
growth, and analyse the factors behind productivity growth in the manufacturing
sector respectively.
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ANNEX I1.1:

THEORIES OF ECONOMIC GROWTH
Neo—classical growth models

Early neo-classical growth models emphasised the role of capital accumulation. In
the Solow—Swan model'*, output is produced by capital and labour. Economic
growth is compatible with labour-augmenting technical progress, which acts as if it
were increasing the available amount of labour. In the long-term, output per capita
and labour productivity grow at an exogenously given rate of technical progress.
Technical progress is entirely exogenous to these models so that in reality economic
growth is left unexplained.

The canonical model provides a methodology (growth accounting) for measuring the
rate of technical progress, the so-called Solow residual or total factor productivity
(TFP) growth". TFP is defined as the difference between output growth and the
(share-weighted) growth rates of capital and labour inputs. Because of its nature as a
residual, it is in fact a "measure of our ignorance". Clearly, many factors can cause a
shift in the production function, such as technical innovation or organisational and
institutional change. The difficulties with this methodology are revealed by the
contradictory estimates: while in Solow's pioneering study growth in per capita
income was almost entirely (88 percent) attributed to TFP growth, subsequent more
careful measurement of factor inputs led to inputs explaining virtually all of output
growth, thus reducing the residual to zero'®.

Empirical studies in the 1990s, based on the neo-classical tradition, set out to
reconcile the Solow—Swan model with, among other issues, international empirical
evidence on convergence. Mankiw et al. (1992) augmented the aggregate production
function with human capital proxied by educational attainment. They found that the
Solow model performs well in explaining cross-country differences in income levels
and is even more successful when human capital is taken into account, and
concluded that the model is consistent with the international evidence, if one
acknowledges the importance of human, as well as physical, capital. A major
drawback of this work is the assumptions that the level of productivity and the rate of
technical change are the same across nations; these are not empirically verifiable
assumptions.

Endogenous economic growth and the role of ideas

A group of models that emerged in the course of the 1980s explain long-term
economic growth endogenously, by relaxing the assumption of diminishing returns to
capital and by rendering technological progress endogenous to the model. Output and
productivity growth do not rely on exogenous technical progress.

In a pioneering paper, Romer (1986) postulated that R&D activities are associated
with externalities which affect the stock of knowledge available to all firms. A firm’s

See Solow (1956) and Swan (1956).

Growth accounting continues to be used, especially today in the area of measuring the contribution of
ICT to economic growth; see Stiroh (2001).

See Jorgenson and Griliches (1967).
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production function is defined by firm—specific variables (capital services, labour and
R&D inputs) and a shift term (index of technology) which is a function of the stock
of knowledge available to all firms; this reflects the public-good characteristics of
knowledge—generating activities such as R&D. Clearly, it is possible to view the shift
term as reflecting a "learning by doing" process, or the influence of the stock of
human capital'’. It is evident that the endogenous growth theory has the potential to
take into account a variety of factors enabling innovation.

R&D- or ideas—based endogenous growth models identify and explicitly model
innovation (in particular, the accumulation and diffusion of technological
knowledge) as the driving force of long-term economic growth. In these models,
"ideas" (in the form of blueprints for new products or new processes) are generated
by investment in R&D. Thus, these models treat R&D as an entrepreneurial activity
performed by profit-maximising firms. "Ideas" generated by R&D lead to new
processes and products that are used as inputs in the production of final goods. As
input goods of superior quality, or as more specialised intermediate or capital goods,
these products raise productivity'®. It is now widely recognised that while R&D—
based innovation is a crucial determinant of the competitiveness of firms, it does not
exclusively affect the performance of those actually undertaking these activities but
gives rise to important external effects ("R&D spillovers"). An important element of
these external effects is "knowledge spillovers", which take place if new knowledge
generated by the R&D activities of one agent, stimulates the development of new
knowledge by others, or enhances their technological capabilities.

The commercial outcome of “ideas” — new processes and products — is very often
characterised by very high fixed costs and low marginal costs. It can be very costly
to produce the first copy of a computer programme, whereas reproducing it can
subsequently be done at virtually zero cost. This implies that the economics of ideas
is typically associated with increasing returns and imperfect competition.

Economic theory also suggests that the international diffusion of knowledge
increases the growth of output and productivity. Eaton and Kortum (1996) find that
more than 50 percent of the productivity growth in each of the 19 OECD countries
included in their sample can be attributed to innovations from just three countries
(US, Germany and Japan). These three countries, together with France and the
United Kingdom, reap more than 10 percent of their growth from domestic research.

The impact of international technology diffusion on productivity growth takes place
through three channels. First, access to a larger pool of knowledge increases the
productivity of R&D activities in the countries involved, thereby enhancing future
productivity growth. As a consequence, a country's productivity growth is positively
correlated with the degree of its openness to flows of information and to its
capability to absorb and utilise knowledge generated abroad. In this process,
domestic R&D may be instrumental in building and maintaining absorptive
capacities. Second, international trade provides opportunities to use the input goods
developed abroad that differ qualitatively from domestic input goods, and thus to
increase productivity. And, third, both international trade and foreign direct
investment are vehicles for cross—border learning about products, production

17

See Lucas (1988).
See, for example, Romer (1990).
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processes, market conditions, etc. and may lead to a reduction in the costs of
innovating and contribute to increases in TFP.

Evolutionary models of economic growth

The evolutionary approach to growth draws attention to three aspects that are
neglected in both neo-classical and endogenous growth models. First, technological
advancement ought to be conceptualised as a disequilibrium process involving high
ex—ante uncertainty, path dependency and long—lasting adjustment processes.
Secondly, growth theory should be based on a more realistic theory of the firm that
stresses (strategic) firm capabilities in a broad sense, rather than just investment in
human capital and R&D. Thirdly, it must take into account the institutional
framework that presumably contributes strongly to an explanation of cross—country
differences in economic growth'’.

It is clear that, in this approach, measures to enhance firm capabilities and the
development and strengthening of institutions conducive to growth, become core
areas of policy. The relevance of the evolutionary approach is reflected in policy
discussions and design in many countries, as well as implicitly in the European
Union and in the work of the OECD.

Dynamic firm capabilities

The standard approach to explaining productivity (growth) at the firm level is a
production function, a concept that is seen as particularly narrow. To create value
and gain a competitive edge, a firm uses a whole bundle of specific assets, among
which R&D is only one, though an important one. Others are marketing,
organisational and managerial skills, individual and collective learning capabilities,
social capital (trust, etc.), networking (customer links, outsourcing, co-operation with
universities, strategic alliances, etc.), property rights (patents, brand names), etc. This
bundle of firm—specific, mostly intangible assets are considered to be the firm’s
capabilities. They are dynamic in nature, being the result of strategic decisions in the
past, and represent the resources to create additional assets in the future. Strategic
asset accumulation enables a firm to change restrictions with respect to technology
and taste. It is obvious that this accumulation process is path—dependent and gives
rise to important differences among firms®.

As capabilities are difficult to measure at the aggregate level, it may also be difficult
to use this approach to explain aggregate economic growth. Nevertheless, empirical
work in Peneder (2001) yields a strongly positive cross—country correlation between
various capability indicators and performance measures such as productivity, unit
values and wages. The (aggregate) capability approach, which appears to be useful
for comparing and explaining economic performance among countries, is adopted in
the empirical analysis of manufacturing growth in Chapter IV of the present Report.

National Innovation Systems — the role of interconnected institutions

The evolutionary approach recognises that institutions are crucial in explaining the
performance of firms and of the economy as a whole. The institutional framework is

19
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See Nelson (1998).
See Foss (1997).
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shaped to a large extent at the national level, giving rise to important differences
across countries. However, the internationalisation and diffusion of knowledge can
be a mitigating factor in this regard. This aspect of growth theory belongs to the
"National Innovation Systems" (NIS) approach, which can be seen as the
macroeconomic counterpart of the capability view of the firm.

NIS is a set of interconnected institutions (firms, universities, governments, etc.)
which commonly determine a country's performance in the generation and diffusion
of technologies and the development of skills?'. This approach is based on the
hypothesis that the performance of a (national) economy in terms of innovation and
productivity is not only the result of public and private investments in tangibles and
intangibles, but is also strongly influenced by the character and intensity of the
interactions between the elements of the system. As a consequence, country
differences with respect to innovation and growth might reflect not just different
endowments with innovation—related factors of production but also varying degrees
of the "knowledge distribution power" or, more generally, the efficiency of NIS.

However appealing, this approach encounters severe data problems in empirical
work. Important properties like the "quality of public policy", incentive mechanisms
in firms and in "non-market" institutions, etc. are difficult to approximate
empirically with confidence. In view of this, it is not surprising that there is no
overall measure of the efficiency of an NIS which could be used as an explanatory
variable in the empirical analysis of economic growth. What is available at present is
only pieces of evidence showing the importance of several types of interaction for
innovation performance; for a summary of this evidence see, for example, OECD
(1999)**. Nevertheless, because the evolutionary approach yields insights into the
dynamics of growth processes at the conceptual level, its basic ideas provide a useful
framework for policy design and analysis. Consequently, it is now the dominant
paradigm for innovation policy and a core element in policy—oriented growth
analysis, and plays a crucial role in defining best policy practices in these fields. In
Chapter IV, a set of indicators based on suggestions from the evolutionary model are
used to explain empirically cross-country differences with respect to economic
growth.

While the evolutionary theory shares the basic policy conclusions of the endogenous
growth theory, the former also sees the need for some specific measures. By stressing
the ex-ante uncertainty of technical change, it implies that it would be necessary to
have a mechanism to guarantee technological variety at an early stage of
technological development in order to avoid large-scale investment failures.
Therefore, creating a favourable environment for entrepreneurship and new ventures
is an important policy task (lowering start-up costs, fostering the provision of venture
capital, etc.), while the selection of superior technologies is left for the market to
determine. The capability view of the firm implies that measures facilitating
investment in intangibles are important. While in principle such investments are up
to private business to undertake, there might be at the same time scope for a policy,
for example, to make sure that incentives for training are put right (measures against
poaching, tax incentives, etc.).

See, for example, Freeman (1987) and Nelson (1993).
See also Stern et al. (2000) and the material from the OECD Growth Project in OECD (2001).

32



The NIS framework also supports the need for specific policies. Here, measures
aimed at improving the interaction between the various elements of the system
(strengthening science/industry relationships and joint research, facilitating
university spin-offs, exchange of highly qualified staff, facilitating R&D co-
operation in the private sector) ought to be encouraged. Policy makers should also
take into consideration the specificity of the policy context. In particular, the best
policies have to be adapted to the specific properties and needs of the NIS.
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ANNEXII. 2:
THE OECD GROWTH PROJECT: FOCUS AND RECOMMENDATIONS

- The objective

The OECD Growth Project (OECD, 2001) explores the causes of differences in
growth performance in the OECD area, with particular emphasis on the acceleration
of trend growth in the US and selected OECD economies over the past decade. It
reviews how growth patterns have changed in recent years and examines the
implications of those shifts for policy makers.

- Divergence in economic growth and contributing factors

Three OECD countries - Australia, Ireland and the Netherlands — have registered
markedly stronger trend growth of GDP per capita over the past decade than in the
1980s, and several other countries have also experienced an improvement. These
include the US, where trend growth of GDP per capita accelerated sharply in the
second half of the decade. In contrast, growth in GDP per capita in many other
OECD countries, including Japan and much of Europe, registered a slow down.
Nevertheless, in several countries — Finland, Canada, Greece, Iceland and Sweden —
trend growth picked up only in the second half of the 1990s.

The OECD analysis shows that the following factors contributed to the growth
patterns of the 1990s:

— New capital, in particular ICT
— Increased use of labour
— Rising quality of labour

— Greater efficiency in how capital and labour are combined, or total factor
productivity

- Key policy recommendations deriving from the OECD Project

According to the OECD Growth Project, a comprehensive growth strategy should be
based on a combination of actions:

1. Strengthen economic and social fundamentals, by ensuring macroeconomic
stability, encouraging openness, improving the functioning of markets and
institutions and addressing the distributive consequences of change.

2. Facilitate the diffusion of ICT, by increasing competition in
telecommunications and technology, improving skills, building confidence and
making electronic government a priority.

3. Foster innovation, by giving greater priority to fundamental research,
improving the effectiveness of public R&D funding, and promoting the flow of
knowledge between science and industry.
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4. Invest in human capital, by strengthening education and training, making the
teaching profession more attractive, improving the links between education and
the labour market and adapting labour market institutions to the changing
nature of work.

5. Stimulate the creation of firms, by improving access to high-risk finance,
reducing burdensome administrative regulations and instilling positive attitudes
towards entrepreneurship.

Graph A 11.2.1: Total factor productivity and business R&D intensity
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CHAPTER III:
INFORMATION AND COMMUNICATION TECHNOLOGIES
AND GROWTH OF OUTPUT AND OF PRODUCTIVITY

Information and communication technologies (ICT) are a core element of the knowledge-
based society. ICT expenditure, investment and production shares are rising in the US and in
the EU - albeit at different rates across Member States. Building on the remarkable
performance of the US economy and on research on the growth and productivity impact of
ICT, a consensus is growing that the “new” economy does have a significant economic
impact™, although the magnitude of this impact is still subject to controversy.

In the 1990s, several causes combined to accelerate ICT diffusion and growth. Technological
change, coupled with large price reductions, led to a surge in the use of digital technologies.
With firms ready to exploit the opportunities offered by ICT, the liberalisation of
telecommunications and the growth of the Internet economy — allowing for economies of
scale and network effects — brought new vigour and eagerness to invest in new technologies.
In the US, business investment in computers and peripheral equipment, measured in real
terms, jumped more than fourfold between 1995 and 1999** and a rapid increase is also
detectable in the EU, though not at the same pace as in the US.

Although there are still differing opinions on the importance of ICT for the economy, recent
research supports the view that the impact of ICT goes beyond the ICT-producing sector and
has a positive effect on overall output and productivity growth.

3.1. International trends in ICT expenditure and investment
3.1.1. ICT expenditure

ICT expenditure, production and investment are increasing, though at different rates
in different countries. ICT expenditure measures the diffusion of ICT goods and
services and thus the absorption of ICT by firms, private households and the
government sector (see Box III.1 for definitions and data availability). Expenditure in
the EU is on average lower than in the US, although there are some noteworthy
exceptions; for example, as a percentage of GDP, Sweden and the UK spend as much
on ICT as the US.

3 See, for example, Bureau of Labour Statistics (2000), European Commission (2000), Daveri (2000,

2001), Gordon (2000), Jorgenson and Stiroh (2000), Kiley (1999), OECD (2001A, 2001B), Oliner and
Sichel (2000) and Whelan (2000). These studies give evidence on the positive impact of ICT on
aggregate output and productivity growth.

24 See Oliner and Sichel (2000).
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Box II1.1: Data availability and definitions of ICT expenditure

ICT expenditure measures the diffusion of computer hardware and peripherals,
communications equipment, software and telecommunication services. It should be noted that
ICT expenditure encompasses spending by businesses, private households and the government
sector. For Europe no official data are available, but figures are available from surveys by
private sources. The predominantly used data source is collected by International Data
Corporation (WITSA, 2000). EITO also uses IDC data as a source and publishes its ICT
expenditure data based on some adaptations of IDC data.

The data collected by IDC is gathered both at country level and from corporate headquarters™.
IDC is the only available source for European countries which allows systematic cross-
sectional comparisons for the 1992—-1999 period. As IDC does not publicly release information
as to the size and structure of its sample, the degree of comprehensiveness of the data set
remains hard to gauge.

As the quality of these data sets is difficult to assess, OECD has extracted ICT investment
figures from the System of National Accounts 1993 (SNA 1993). This approach provides
information for a limited number of countries since the SNA 1993 guidelines are not
systematically implemented by all countries (see OECD, 2001B).

The situation in the US is very different. The Bureau of Economic Analysis maintains the
“Tangible Wealth Survey”, which provides information on 57 distinct types of capital goods in
current and chain-weighted dollars for 62 industries from 1947 through 1996. The distinct
types of assets for each industry can be aggregated to calculate capital stocks for computer
hardware and communications equipment. Software investment is not included in this survey,
but BEA started to publish data on aggregate investment in software in its 1999 revision.

Source: Stiroh (2001), European Commission (2000), WITSA (2000), Oliner and Sichel (2000)
and Landefeld and Grimm (2000).

Indicators on ICT expenditure reveal distinct differences across OECD countries.
Sweden and the UK in Europe, and Australia and the US lead, with ICT spending of
about 8 % of GDP in 1999, followed by the Netherlands and Denmark with
expenditures close to 7 %. France, Germany, Italy and Spain are grouped around or
below the EU average (5.6 % in 1999). The situation in the EU is thus very
heterogeneous. Small countries like Sweden, the Netherlands and Denmark exhibit
ICT expenditure shares which are above or close to the US share, while Germany,
Italy and Spain — large countries with significant impact on average spending in the
EU — are lagging behind. The overall result is that the expenditure share is 2.5
percentage points, or nearly one third, lower than in the US — see Table III.1.

25

Each local IDC office conducts interviews with local computer vendors and distributors. These data are
compared with information from multinational vendors, collected and updated at IDC headquarters and
regional research centres, and cross-checked with global vendor census data. Vendor data are then
supplemented by user interviews and surveys (see Daveri, 2001).
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Table II1.1 International comparison of ICT expenditure and production

?)l:lz;:r(:ezz ISS;I;(::'I Share of ICT in ICT expenditure ICT expenditure
employment, business sector as % of GDP, as % of GDP,
1998 value added, 1998 1998 1992-1999
Belgium 4,3 5,8 5,7 5,6
Denmark 5,1 - 6,7 6,6
Germany 3,1 6,1 5,1 53
Greece - - 5,1 3,8
Spain - - 4,0 3,9
France 4,0 5,3 5,9 5,9
Ireland 4,6 - 6,4 5,9
Italy 3,5 5,8 4,5 4,2
Netherlands 3,8 5,1 6,9 6,7
Austria 4,9 6,8 4,7 4,8
Portugal 2,7 5,6 5,1 4.5
Finland 5,6 83 5,7 5,6
Sweden 6,3 9,3 9,5 8,2
United Kingdom 4.8 8,4 9,0 8,1
EU (*) 4,0 6,4 6,0 5,6
Japan 34 5,8 6,2 6,0
US 3,9 8,7 8,7 8,1
Switzerland 6,0 - 7,3 7,3
Australia 2,6 4.1 8,5 8,1
Canada 4,6 6,5 8,1 7,6

(*) Weighted average GDP (1990), WIFO calculations.
Source: OECD (2001A), WITSA (2000), WIFO calculations.

The lower level of ICT spending in the EU compared to the US reflects in part the
smaller ICT—producing sector but also less dynamic spending by the government
sector and private households. Australia demonstrates that a large ICT sector is not a
prerequisite for high ICT expenditure. Australia is among the big ICT spenders even
though the ICT-producing sector encompasses only 2.6 % of overall business sector
employment and 4.1 % of value added.

Throughout the 1990s, ICT spending increased both in the EU (4.7 % p.a.) and in the
US (7.8 % p.a.), substantially accelerating in the second half of the decade in the US
(from7.3 % p.a. to 8.1 % p.a., see Table II1.2). ICT expenditure increased far more
steadily in the US than in the EU. The annual growth rates in the EU appear to be
related to business cycle fluctuations, rising at above-average rates in periods of
sound economic growth and stagnating or even declining in phases of slow GDP
growth. In the US, both the overall growth and the growth of ICT expenditure have
been smoother during the period under consideration.
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Graph II1.1: EU ICT expenditure as a percent of US expenditure
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Source: WITSA (2000), WIFO calculations.

The difference between the share of ICT expenditure in GDP in the EU and the US
has widened since 1992 (exactly 2.3 percentage points higher in the US in 1992 and
2.7 percentage points in 1999). Measured relative to US expenditure, EU expenditure
in ICT declined from 90 % in 1992 to 75 % in 1999 — see Graph IIL.1. Overall, the
acceleration of ICT spending between the first and second half of the 1990s in the
EU is not as pronounced as in the US. This can be seen at country level (see Table
I11.2), where only the UK, Sweden, Italy, Ireland and Spain recorded an acceleration
during this period.
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Table I11.2: Annual growth rates of ICT expenditure (1992-1999, percent)

Annual growth rate Acceleration

Country 19921995 1995-1999 19921999 second hatf -
}iellli‘e“n‘::murg 6,8 4.6 55 20
Denmark 7,6 4,7 5,9 -2,9
Germany 5,8 2,6 3,9 -32
Greece 23,7 8,3 14,6 - 15,5
Spain -1,7 52 2,2 6,9
France 5,7 3,2 43 -2,4
Ireland 9,4 10,1 9,8 0,8
Italy 0,3 5,5 3,3 52
Netherlands 7,0 5,5 6,1 -1,5
Austria 5,1 3,5 4,2 -1,6
Portugal 249 6,5 14,0 -184
Finland 12,6 5,2 8,3 -73
Sweden -1,7 5,1 2,1 6,8
United Kingdom 42 8,1 6,4 39
EU 4,7 4,8 4,7 0,1
UsS 7,3 8,1 7,8 0,9

Source: WITSA (2000).

The most dynamic European countries with respect to ICT expenditure growth are
Greece, Portugal, Ireland and Finland (see Graph II1.2). All increased their share of
ICT expenditure in GDP in the 1990s and are now close to the EU average (see
Table II1.3). In the case of Greece and Portugal, the high growth rates reflect heavy
investment in telecommunications infrastructures, an investment that the majority of
European countries had already made in the first half of the 1990s. In the UK, the
Netherlands, Denmark and Belgium, ICT expenditure grew at a rate slightly below
the EU average, but for the first three countries the share of ICT in GDP in 1999 is
clearly above average (see Graph I11.2).

In contrast, countries like Spain, Germany, Austria and France on average registered
growth in ICT expenditure well below the EU average in the 1990s, and a stagnating
share of GDP devoted to ICT leading to below average ICT shares in 1999. Sweden
registered the lowest growth of ICT expenditure, but the share of ICT spending in
GDP grew at rates close to the EU average, and in 1999 its ICT share was the highest
of all the Member States — see Table III.3 and Graph III.2.
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Graph I11.2: Growth rate of ICT expenditure and level of ICT share in GDP (in
percent)
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3.1.2.

Table I11.3: ICT expenditure as a percent of GDP

Annual
Country 1992 1995 1999 ?;gf;’r_el“;;; g”’vsvltl';:::e of
1992-1999
}iellli‘e“n‘::murg 5,5 55 59 0.4 1,0
Denmark 6,4 6,5 6,9 0,5 1,1
Germany 5,4 5,2 5,3 -0,1 -0,3
Greece 2.4 39 5,5 3,1 12,6
Spain 3,9 3,9 4,0 0,1 0,4
France 5,8 5,9 6,0 0,2 0,5
Ireland 5,5 5,9 6,5 1,0 2.4
Italy 3,7 4,2 4,7 1,0 3,5
Netherlands 6,7 6,6 7,1 0,4 0,8
Austria 5,0 4,7 4,8 -0,2 -0,6
Portugal 2,8 5,0 53 2,5 9,5
Finland 4,7 5,7 5,9 1,2 3,3
Sweden 7,6 7,8 9,3 1,7 2,9
United Kingdom 7,2 7,8 9,3 2,1 3,7
EU 5,2 5,6 6,2 1,0 2,9
Japan 5,7 5,4 7,1 1,4 3,2
Us 7,5 7,9 8,9 1,4 2,5

Source: WITSA (2000), WIFO calculations.

ICT investment

In the EU, ICT business investment corresponds to about a third of total ICT
expenditure.26 The main trends for ICT investment are similar to those of ICT
expenditure. US investment as a percentage of GDP is higher than in the EU, where
investment, while growing, is declining relative to the US. However, none of the EU
countries — and this is in contrast to ICT expenditure — reaches the US share of ICT
investment in GDP, which in 1999 was twice the EU share (see Table II1.4). This
may be due to the different weighting of the components (hardware, software, and
communications equipment) in the calculation of ICT investment for Europe.

26

Daveri (2001) calculates investment data for Europe based on a comparison of WITSA figures for the
US with the official investment data from the Bureau of Economic Analysis (BEA). The relationship
between WITSA expenditure and BEA figures for investment on hardware, communications equipment
and software is used to calculate the share of business expenditure/investment in the overall figure.
Under these assumptions, hardware investment in the US is 58.6 % of total hardware spending as
reported by WITSA, communications equipment is 31.6 % of WITSA expenditure and software
investment (including own-account software) is about 212.5 % of the WITSA software item. These
coefficients are then multiplied by the corresponding WITSA spending items for EU countries to obtain
nominal ICT investment data for the 1992-99 period.
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Table 111.4: Business investment in ICT in percent of GDP

ICT investment/GDP Total fixed investment/GDP
}iellli“n‘::murg 2,12 2,59 0,47 21,29 20,99 -0,30
Denmark 2,04 2,72 0,68 18,14 20,97 2,83
Germany 1,74 2,17 0,43 24,04 21,29 -2,76
Greece 0,75 1,80 1,05 21,32 23,00 1,69
Spain 1,52 1,58 0,06 23,09 23,69 0,60
France 1,70 2,05 0,35 20,93 18,86 -2,07
Ireland 1,82 2,32 0,50 16,59 24,13 7,53
Italy 1,49 1,77 0,28 20,47 18,43 -2,04
Netherlands 2,23 3,09 0,86 21,32 21,47 0,15
Austria 1,61 1,89 0,28 23,50 23,65 0,15
Portugal 0,96 1,81 0,85 25,01 27,48 2,46
Finland 1,61 2,48 0,87 19,61 19,28 -0,32
Sweden 2,49 3,64 1,15 18,26 16,47 - 1,79
United Kingdom 2,43 3,76 1,33 16,53 17,97 1,44
EU 1,81 2,42 0,61 20,72 21,26 0,54
UsS 2,60 4,54 1,94 17,01 20,33 3,32

Source: Daveri (2001).

The rapid diffusion of information technology is mirrored in the rising share of ICT
investment goods in gross capital formation in the business sector. In 1999, about
one third of business sector investments in Finland and the US were devoted to ICT
goods while in France, Germany, Italy and Japan this share was about half as large
(OECD, 2001A). The dramatic drop in ICT prices (see Box II1.2) boosted investment
in these new technologies and led to substitution of ICT for other types of capital
goods.

There are considerable differences across countries in investment and uptake of ICT,
reflecting partly policy differences. Competition is particularly important in that it
contributes to lowering costs, thus encouraging ICT investment and diffusion. Policy
plays an important role in ensuring sufficient competition, e.g. through regulatory
reform, effective competition policy and the promotion of market openness at the
domestic and international level. Regulatory reform of the telecommunications sector
is of particular importance, as the use of ICT in networks relies to a considerable
extent on the costs of communications (OECD, 2001A). Consequently, the effects of
recent liberalisation measures, such as those undertaken in 1998, are likely to
become evident in forthcoming data releases.
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Table I11.5: Annual growth of ICT and aggregate capital stocks
(1991-1999, percent)

Ceipment  Hardware  Sofoware T8
Belgium 10,3 27,9 8,4 3,0
Denmark 9,8 26,6 11,7 2,9
Germany 13,5 29,6 13,3 2,6
Greece 16,4 42,6 16,1 2,7
Spain 12,6 25,2 7,2 4,0
France 11,4 24,0 10,3 23
Ireland 13,2 28,8 15,9 3,2
Italy 11,1 23,6 5,1 2,7
Netherlands 9,9 32,1 14,0 23
Austria 9,7 29,9 12,4 43
Portugal 24,6 43,2 11,1 4,5
Finland 8,8 23,8 9,7 0,5
Sweden 5,2 25,0 9,6 2,1
United Kingdom 7,8 31,6 14,3 2,9
EU 11,2 27,6 10,8 2,7
US 4,9 31,2 17,4 2,6

Source: Daveri (2001).

Over the past two decades, the share of ICT in total business investment increased
substantially. In particular, investment in software expanded spectacularly. In the US,
the share of ICT in total business investment rose from 15 percent in 1980 to 32
percent in 1999. As Table I1L.5 shows, the stock of ICT capital has risen much faster
than that of capital goods in general. The capital stock of both communications
equipment and software increased by about 11 percent annually in the EU, that of
hardware by about 28 percent (unweighted averages). Compared to the US, growth
rates for capital stock of communications equipment were higher in the EU, about
the same for hardware and lower for software.

The economic impact of ICT investment

Investment in information technology affects output and productivity growth through
three separable channels (see Stiroh, 2001 and European Commission, 2000):

1. Technological progress in the production of ICT goods: Technological
progress allows production of improved capital goods at lower prices, thus
raising total factor productivity growth in the ICT-producing sector. The
magnitude of this effect on the total economy depends on both the speed of this
technological progress and the share of the ICT sector in the economy.

2.  Capital deepening in the total economy: The most important effect of ICT
use could be an increase in labour productivity through additional capital
formation (ICT capital), which raises the productivity of labour.
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3.2.1.

3.  Spillover effects: ICT investment induces embodied technological change,
thus increasing total factor productivity growth outside the IT sector,
generating production spillovers or externalities.”’

One approach to estimate the impact of ICT on economic growth and productivity at
the macroeconomic level has been growth accounting. Growth accounting is based
on the neo-classical growth model pioneered by Solow (1957). Although subject to
several limitations, this approach has produced considerable evidence confirming the
presence of the three effects mentioned above. Additional evidence produced by
alternative methods has also been useful to validate the results (see Oliner and
Sichel, 2000 and Stiroh, 2001). Studies at the sectoral or firm level usually apply
econometric models based on production functions to assess the impact of ICT use.”®

Estimates for the US and the EU

The evidence suggests not only that ICT significantly contribute to growth and
productivity, but also that this impact is larger in the US than in the EU. Moreover,
this impact is greater in the second half of the 1990s compared to earlier periods.
These findings are consistent with the higher levels of ICT investment in the US
compared to the EU and with the fact that in both regions these levels have been
rising through the 1990s, as reported in the previous section.

The US economy grew rapidly in the 1990s, especially in the second half. The EU
also registered an acceleration, albeit more modest, in economic growth — see the
discussion in Chapter II. Most studies conclude that “there is no single factor that
explains the divergence in growth performance. OECD countries that have improved
performance in the 1990s have generally been able to draw more people into
employr?gent, have increased investment, and have improved total factor productivity
(TFP)”.

27

28
29

OECD (2001A) finds evidence that there is a strong positive correlation between indicators of ICT use
(e.g. numbers of secure servers, Internet host density, PC density and Internet access costs) and the rise
in TFP growth in the second half of the 1990s. Countries that experienced a substantial acceleration in
TFP growth in this period typically have wider diffusion and lower costs of ICT technologies.

For a survey see Brynjolfsson and Yang (1996), Brynjolfsson and Hitt (2000) and Stiroh (2001).

See OECD (2001A), for further empirical evidence see also Schreyer (2000), Scarpetta et al. (2000) and
Federal Reserve Board (2000).
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Box I11.2: The growth contribution of hardware, software and
communications equipment

Some growth-accounting studies calculate capital stocks for computer hardware, software and
communications equipment and assess the impact of these components of ICT investment
separately. This provides information on the relative growth impact of the various forms of
information technology. In the US, the largest contribution to output growth stems from
hardware investments™. In the second half of the 1990s, hardware investment raised output by
0.5 to 0.6 percentage points (see Table I11.6). Software contributed about 0.2 to 0.3 percentage
points and communications equipment about 0.1 to 0.15 percentage points. Hardware and
communications equipment doubled their impact in the second half. The increase was slightly
lower for software. The evidence available for Europe (Daveri, 2001) estimates the growth
contribution of hardware at about half the US level (0.24 percentage points — weighted average
based on Daveri, 2001), slightly lower for software (0.13) and at the same level for
telecommunications equipment (0.12). Thus, lower hardware spending seems to be the major
cause for lower ICT capital stocks in Europe and consequently lower contributions of ICT to
overall growth.

The estimated growth impact of hardware investment is to a significant extent due to the use of
hedonic indices to deflate prices for ICT equipment (see Schreyer, 2001). For example, quality-
adjusted prices for computers and peripherals have been falling at about 24 % annually
(Landefeld and Grimm, 2000). This is a much faster decline than for software and
communications equipment. Research in Germany (Moch, 2001) confirms the rate of price
decline of computer hardware found for the US.

Rapidly falling prices for information technology push up the growth rate of real capital stocks
(see Table II1.5), thus allocating a larger part of overall growth to information technology. As
demonstrated by Sterner (2001), heeding price measurement may in some countries double the
magnitude of growth effects for hardware investments.

One candidate for explaining the performance of the US economy is the rapid
diffusion of information technologies, which was fuelled by a steep decline in prices
for ICT goods. The key result of various studies is that ICT investment explains
about 0.4 to 0.5 percentage points of output growth in the first half of the 1990s, and
0.8 to 1 percentage point in the second half (see Table IIL6)."!

30
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Firm-level evidence supports this view. These studies suggest that computers did have an impact on
economic growth that is disproportionately large compared to the size of the capital stock or
investment, and that this impact is likely to grow in the future (Brynjolfsson and Hitt, 2000).
See Bureau of Labour Statistics (1999), European Commission (2000), Daveri (2000, 2001), Gordon
(2000), Jorgenson and Stiroh (2000), Kiley (1999), OECD (2001A, 2001B), Oliner and Sichel (2000)
and Whelan (2000). The major exception is Kiley (1999) that estimates a negative growth impact of
ICT that is due to adjustment costs associated with the implementation of ICT. In this framework the
effect of ICT would turn positive once investment in ICT is reduced or halted and adjustment costs no
longer cancel out the positive impact of ICT on output growth.

47




Table I11.6: ICT growth contribution (percentage points)

CRoggni:)r:/ Period Software Hardware Cor:(;;;l;lli::rtlitons ]I“OCt;I

OECD (2001)| US 1990-95 0,14 0,20 0,08 0,42
1995-99 0,27 0,49 0,13 0,89

Jorgenson & UsS 1990-95 0,15 0,19 0,06 0,40
Stiroh (2000) 1995-99 0,21 0,49 0,11 0,81
Oliner & Us 1991-95 0,25 0,25 0,07 0,57
Sichel (2000) 1996-98 0,32 0,59 0,15 1,06
Daveri (2001)| EU 1991-99 0,12 0,24 0,13 0,48
European EU 1992-94 - - - 0,27
8‘(’]‘5‘0’;‘““““ 1995-99 - ; ; 0,49

There are basically two estimates available on the growth impact of ICT investment
covering all Member States’® (European Commission, 2000 and Daveri, 2001).
OECD (2001B) and Schreyer (2000) present estimates for four European countries as
part of a sample of eight countries. Estimates for European countries generally
indicate a lower contribution of ICT to output growth than in the US. On average, in
the 1990s, about 0.4 to 0.5 percentage points of output growth in the EU are
estimated to be due to ICT investment.

32

With the exception of Luxembourg.
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Table II1.7: Contribution of ICT investment to growth in the EU
(percentage points)

European European
Daveri (2001) Daveri (2001) Commission Daveri (2001) Commission
1991-99 1991-95 (2000) 1996-99 (2000)
1992-94 1995-99
Belgium 0,48 0,48 0,35 0,49 0,60
Denmark 0,52 0,42 0,22 0,65 0,38
Germany(*) 0,49 0,54 0,25 0,45 0,41
Greece 0,34 0,25 0,12 0,46 0,21
Spain 0,36 0,38 0,19 0,34 0,39
France 0,41 0,40 0,24 0,44 0,42
Ireland 0,64 0,38 0,84 0,96 1,91
Italy 0,31 0,28 0,25 0,35 0,42
Netherlands 0,68 0,65 0,41 0,72 0,67
Austria 0,45 0,47 0,24 0,43 0,41
Portugal 0,43 0,39 0,25 0,49 0,55
Finland 0,45 0,21 0,31 0,74 0,63
Sweden 0,59 0,38 0,30 0,85 0,68
United Kingdom 0,76 0,43 0,35 1,17 0,64
EU 0,48 0,43 0,27 0,57 0,49
UsS 0,94 0,53 - 1,45 -

(*) Germany = 1992-1999.

Source: Daveri (2001), European Commission (2000).

The estimates in the two available studies for the full sample exhibit some
differences (see Table III.7). Daveri (2001) estimates a substantially larger ICT
growth contribution for the EU than the European Commission (2000) in the first
half of the 1990s; as a consequence, the acceleration between the two periods in
Daveri (2001) is not as strong. The differences in the growth contribution of
information and communication technologies in Member States and the US can be
seen in Table II1.7. Both in the 1990s and in the two sub-periods, no EU country
achieved a growth contribution of ICT investments comparable to the US.** The
growth contribution from ICT in the UK was 0.76 percentage points in the 1990s,
which was the highest value in the EU. In the US, ICT investments accounted for
0.94 percentage points of output growth in the same period.

33

The difference in the results between Europe and the US is somewhat lower in the OECD (2001B)
estimate, which uses official data from the System of National Accounts (France, Germany, Finland and
Italy are the only European countries in the sample).
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Compared to the US, the EU appears to have forgone 0.3 to 0.5 percentage points of
economic growth.>* The major cause for the lower contribution of ICT to aggregate
growth in the EU is lagging investment in ICT. Other factors which normally affect
the outcome of growth-accounting exercises (price measurement and capital
utilisation costs) were assumed to be similar to the US in these exercises, and thus
cannot account for these growth differences (see Daveri, 2001, European
Commission, 2000).

ICT productivity or ICT spillovers?

There is uncertainty about the relative importance for overall economic and
productivity growth of two factors: 1) the contribution of productivity growth within
the ICT sector and 2) spillovers from the ICT sector to other industries on the other
hand.

Box II1.3: The productivity impact of ICT—producing industries

The importance of ICT to productivity growth can be evaluated by analysing the sectoral
productivity performance and the contribution of each sector to overall productivity growth. It
is widely accepted that rapid productivity increases in the ICT-producing industries contributed
substantially to overall productivity growth. OECD studies confirm this for several OECD
countries (Scarpetta et al., 2000).

The contribution of the ICT-producing sector to overall economic performance depends on its
rate of productivity growth and on the size of the sector. Labour productivity growth was much
higher in the two key ICT-producing sectors, i.e. In general, the ICT manufacturing sectors (in
particular the electrical and optical equipment industries) have a considerably higher
productivity growth than manufacturing overall, and the ICT services sectors tend to have more
rapid productivity growth than the services sector as a whole. The large variation in
performance across countries points, among other factors, to varying specialisation within the
ICT sector. Some countries are specialised in ICT products for which technological progress
was not as fast as in semi-conductors or computers (OECD 2001A).

The OECD (2001A) study on Denmark, Finland and Germany — the only countries with
sufficient data —indicates that in Finland® and Germany the contribution of the ICT-producing
sector increased substantially in the second half of the 1990s compared to the first half. In
contrast, the role of ICT-producing industries in Denmark declined over the same period.

The importance of the ICT-producing sector for the recent growth performance has been
confirmed also in several country-level studies. In Finland, the mobile telephone producer
Nokia accounted for 1.2 percentage points of the country’s GDP growth of 4 percent in 1999,
even though it produced only 4 percent of overall GDP (Forsman, 2000). The Bank of Korea
reports that 40 % of recent GDP growth in Korea came from the ICT sector, five times its 1999
share in GDP (Yoo, 2000). In the Netherlands, the ICT-producing sector accounted for about
17 % of GDP growth over the 1995-98 period, four times its share in GDP (CPB, 2000). The
ICT-producing sector is thus an important driver of growth and productivity, although
countries such as Australia, which do not have a large ICT-producing sector, have also
improved their growth and productivity performance.

34
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The major forces determining ICT growth contribution are the size of the capital stock, its growth rate,
capital utilisation costs and price trends for ICT goods.

See also OECD (2001A): “...Finland shows a substantial acceleration of TFP growth in both machinery
and equipment and electrical and optical equipment in each sub—period. For Finland, the TFP
calculations broadly confirm the importance of the ICT sector for overall TFP growth; about 20 % of
TFP growth over 1995-1999 is due to the ICT sector, which is substantially more than in previous
periods.”
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The acceleration of labour productivity growth in the US between 1973/95 and
1995/99 is mainly due to capital deepening (the estimates range from 0.1 to 0.33
percentage points; see Table II1.8) and total factor productivity growth (0.3 to 0.9
percentage points). Both are substantially influenced by ICT production and use. A
positive impact of ICT-related capital deepening is found in all studies reported in
Table II1.8, reflecting a direct effect of ICT investment on the growth of labour
productivity. In contrast, the contribution of non-ICT-producing sectors to total
factor productivity growth remains controversial. Gordon (2000) attributes almost all
of the acceleration in total factor productivity growth to the ICT-producing sectors —
see Box III.3 for further information on the impact of the ICT-producing sector.
Although Jorgenson and Stiroh (2000) and Oliner and Sichel (2000) obtain about the
same effect for ICT-producing sectors as Gordon (2000), they still find a substantial
contribution from non-ICT related sectors to total factor productivity growth (0.4 to
0.5 percentage points), thus supporting the view that ICT use has had positive effects
in non-ICT producing industries.

Table II1.8: Sources of acceleration in labour productivity in the US

Blir:l?:r()f Gordon Jorgenson &  Oliner &
Statistics Stiroh Sichel
(2000) (2000) (2000) (2000)
Average Labour Productivity, 1995-99 2,30 2,75 2,37 2,57
Average Labour Productivity, 1973-95 1,39 1,42 1,42 1,41
Acceleration 1973-95 to 1995-99 0,91 1,33 0,95 1,16
Sources of the acceleration:
e Capital Deepening: 0,10 0,33 0,29 0,33
— IT-Related 0,38 n.a. 0,34 0,50
— Other -0,31 n.a. - 0,05 -0,17
e Labour Quality 0,06 0,05 0,01 0,04
(skill composition)
e Total Factor Productivity: 0,90 0,31 0,65 0,80
— IT-Related n.a. 0,29 0,24 0,31
— Other n.a. 0,02 0,41 0,49
e Cyclical Effect 0,50
e Price Measurement 0,14

Source: Stiroh (2001).

Gordon (2000) argues that the recent productivity growth is not based on ICT use but
that the increase in labour productivity is a normal, cyclical acceleration as the
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economy expands.’® In his estimates the contribution of non-ICT-producing sectors
to the acceleration of total factor productivity growth is almost nil (see Table III.8).
The exercise is repeated for sub-samples of the economy by either excluding the
ICT—producing industries or the manufacturing sector and thus leads to lower total
factor productivity in the remaining parts of the economy. Gordon’s interpretation of
these findings is that there is no such thing as a “new” economy but that the massive
ICT investments outside the ICT—producing sector may be focused on unproductive
activities like market share protection, duplication of existing operations, or on—the—
job consumption and thus have a negative productivity impact.”’

This controversy cannot be solved at the aggregate level but requires evidence either
at sectoral or firm level. If there is a positive impact of ICT across the economy, it
should be visible in the largest users of ICT investment in the service sectors —
communications, wholesale and retail trade, finance, insurance and business services
(see OECD, 2001A). However, there are various problems in measuring the output of
these sectors, which may partly explain why most of these service sectors have
exhibited rather weak measured productivity growth.

Modest acceleration of productivity growth in non-ICT-producing industries was
found in a number of studies (see Brynjolfsson and Hitt, 2000, Brynjolfsson and
Yang, 1996 for studies at firm level), which suggests that productivity growth is
mainly confined to ICT—producing industries. However, the OECD (2001A) found
evidence of a positive productivity impact of ICT in the ICT—using sectors. Denmark,
Finland, Germany, the Netherlands and the US experienced an increased contribution
of ICT—using industries to labour productivity growth, while industries which are
less intensive users of ICT did not increase their contribution to labour productivity
growth. This positive effect on labour productivity growth was confined to the
second half of the 1990s. In contrast, the European Central Bank (2001), using data
for Germany, France, Italy and Finland for the period 1991-1998, finds no clear
evidence of ICT spillovers — unlike in the ICT-producing sectors, labour productivity
in the ICT-using sectors (both in services and in manufacturing) did not rise
significantly faster than in the remaining sectors.

To be successful, the introduction of new technologies through investment has to be
coupled with organisational changes and improvements in labour force skills®®,
which in turn require flexibility in input markets, namely in labour markets.
Conceivably, such changes have taken place only recently and as a consequence
more recent studies detect a positive impact of ICT use while older ones do not.
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In a fast-growing economy , labour input is quasi-fixed in the short run. The labour force adapts to
rising demand by working harder and sometimes longer (variable utilisation and resource allocation
effects) as inputs are not immediately increased in a business cycle upturn. Consequently labour
productivity rises although the basics of the economic process are unchanged. The argument that ICT is
behind productivity increases in the second half of the 1990s is weakened by this longstanding
observation of a positive relationship between productivity and growth. Even without increased ICT
investment, productivity would have increased in the upturn of the 1995 to 1999 period (see Gordon,
2000).

There are also other critical comments: Roach (1998) argues that much of the productivity growth is
due to the understatement of actual hours worked, which leads to an overstated productivity growth, as
the white-collar working week expands faster than the data measure. Kiley (1999) assumes large
adjustment costs that create frictions which cause investment in ICT capital to be negatively associated
with productivity, at least in the short run.

See Bresnahan et al. (1999).
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Stiroh (2001) concludes that ... those industries that made the largest IT investment
in the early 1990s show larger productivity gains in the late 1990s and production
function estimates show a relatively large elasticity of IT capital, indicating that IT
capital accumulation is important for business output and productivity.” This again
suggests that the impact of ICT investment takes time to emerge in output and
productivity data, and it implies that productivity growth due to ICT is not confined
to the ICT—producing sectors alone.”” Stiroh (2001) also provides evidence that the
US productivity revival appears to be fundamentally linked to ICT. It should be
stressed that the cyclical effect, claimed by Gordon (2000) to be the major factor
behind the revival of productivity growth, should have materialised at the beginning
rather than in the middle of the expansion. Moreover, if the productivity increase is a
cyclical phenomenon, it should be evenly distributed over industries and be unrelated
to ICT use. On the contrary, the acceleration in US productivity growth coincides
with a significant increase in ICT spending and according to Stiroh (2001) the most
intensive ICT sectors experienced the largest productivity gains. This suggests that a
structural change has indeed taken place.

Concluding comments

The growing consensus that the strong growth and productivity performance in the
US is related to increased investment and diffusion of ICT goods and services has
raised concerns that the weaker economic performance of EU Member States is
caused by a sluggishness in the adoption of these new technologies.

The ICT spending gap between the EU and the US widened in the 1990s, even
though both regions expanded their ICT expenditure. In 1992, EU ICT expenditure as
a percentage of GDP (5.2 %) was 2.3 percentage points below the corresponding US
level. While the gap narrowed in the first half of the 1990s, it thereafter increased to
2.7 percentage points in 1999. In 1992, ICT expenditure in the EU still amounted to
90 % of US expenditure, but by 1999 had declined to about 75 % of the US level.
The gap is even larger for ICT investment in the business sector. In 1999, US
business investment in information technologies was about 4.5 % of GDP, almost
twice the European level of 2.4 %

ICT spending in the EU Member States is diverse. While the UK and Sweden have
already surpassed the US, and the Netherlands, Denmark and Ireland have drawn
close to it, some of the larger countries have performed less well.

Recent growth-accounting studies have demonstrated the increasing contribution of
ICT to aggregate economic growth. In the US, ICT investment accounted for 0.8 to 1
percentage point of output growth in the second half of the 1990s. Most studies found
that the importance of ICT for economic growth in the second half of the 1990s more
than doubled compared to the first half. Estimates for European countries generally
indicate a lower contribution of ICT to output growth. On average, about 0.4 to 0.5
percentage points of output growth in Europe are due to ICT. Compared to the US,
Europe would appear to forego 0.3 to 0.5 percentage points of economic growth as a
result of lower investment in ICT.
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See also Bailey and Lawrence (2001) and Nordhaus (2001).
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The acceleration of labour productivity growth in the second half of the 1990s in the
US is due to capital deepening (the estimates range from 0.1 to 0.33 percentage
points) and to total factor productivity growth (0.3 to 0.9 percentage points). Both
categories are substantially influenced by ICT production and use. Evidence suggests
that ICT have a positive impact on productivity in ICT—using industries. In the US,
both ICT producers and ICT users experienced significant productivity gains; in
contrast, industries that experienced no ICT impact made no contribution to the
productivity revival in the US.

The effects of ICT investments take time to manifest themselves since ICT
technologies are most productive when associated with organisational changes,
improvements in the skills of the labour force and favourable framework conditions
encouraging and rewarding innovation. Given the complementary investments
needed, it is not surprising that much of the evidence on the positive productivity
impact of ICT use has been obtained only in recent studies. In earlier years, the size
of the ICT capital stock was too small and the time to implement the technology too
short, with the consequence that the impact was not visible until the second half of
the 1990s.

Even if there is an emerging view that ICT has lead to both a permanent rise in
productivity and an acceleration in productivity growth, it is not possible to
completely dismiss the idea that some of the impact attributed as permanent may in
fact be based on cyclical factors. From an analytical point of view, the current
downturn in the economy, and in the ICT industry in particular, should shed more
light on the question. Based on data from a full economic cycle it should be possible
to say with even more confidence how much of the productivity increase was
cyclical and how much is permanent.

It should be noted, that though ICT makes a positive contribution to output and
productivity growth, it does not explain entirely the divergence in the growth
performances of the main industrialised countries. Countries that have improved
production and labour productivity performance in the 1990s have generally been
able to draw more people into employment, have increased investment, and have
registered improvements in total factor productivity. ICT investment is playing a
crucial and probably growing role in setting the foundation for future growth. Hence,
policies should ensure that competition (and regulation) will allow further lowering
of prices for ICT equipment and services and foster adequate skill upgrading, thus
making it possible to draw more people into employment and supporting
complementary organisational innovation at firm level.
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ANNEX I11.1:
EUROPEAN SKILL SHORTAGES IN ICT AND POLICY RESPONSES

- Why has the demand for ICT skills increased in recent years?

Technological progress and the globalisation of the economy have increased the
importance of human skills in our economies (see Berman et al., 1998). The share of
university and college graduates in the population has increased trendwise since the
Second World War. Evidence from econometric and case studies indicates that the
demand for more skilled workers is positively correlated with capital intensity and
the implementation of new technologies, both across industries and across plants
within industries. Autor et al. (1998) find evidence for the US that “...skill-biased
technological and organisational changes that accompanied the computer revolution
appear to have contributed to faster growth in relative skill demand within detailed
industries starting in the 1970s”. This rapid skill upgrading was concentrated in the
most computer—intensive sectors of the US economy and resulted in increasing wage
inequality and growing educational wage differentials.

It is important not to oversimplify the relationship between the introduction of
computers and demand for “skilled” workers. Several authors (e.g. DiNardo and
Pischke, 1997 and Haisken-DeNew and Schmidt, 1999) stress that the causal
relationship between computer use and demand for “skilled” workers is not
straightforward but rather entangled with complex innovation processes which
involve increased computer usage and, more importantly, changes in organisation
and in production processes. Studies that analyse the employment impact of
innovative activities support the existence of a relationship between skill upgrading
and the introduction of new technologies. Innovations tend to increase the overall
demand for labour but simultaneously lower the demand for unskilled labour (see
Leo and Steiner, 1995 and Leo et al., forthcoming).

However, indicators of the use of new technologies (e.g. PCs), innovations and
educational qualifications as a proxy for skills and competencies may not capture
some of the fundamental changes behind the skill upgrade in the economy. In
particular, educational qualifications may fail to capture many important skills which
are needed at the workplace. Howell and Wolff (1992) conclude from case studies
that “most jobs require a multitude of different skills for adequate task performance,
ranging from physical abilities, like eye-hand co-ordination, dexterity and strength,
to cognitive skills (analytic and synthetic reasoning, and numerical and verbal
abilities) and interpersonal (supervisory, leadership) skills”.

Howell and Wolff’s analysis of the situation in the United States attempts “to
account for skill composition and its change over time with direct measures of job
skills and a more complete model of the demand for skills than appears in previous
work”. They therefore distinguished between cognitive, interactive and motor skill
requirements for different jobs and adjusted their figures for industry characteristics.
In their results they obtained little support “for either the standard factor substitution
model or the widely accepted capital—skill complementary hypothesis”. They found
that capital intensity was strongly associated with rising interactive skills and
declining cognitive skills. These results are in line with many case studies, which
find that mechanisation is linked to the de-skilling of production workers and to the
growing share of managers and supervisors.
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Although this annex focuses on the demand for ICT skills, it is important to
recognise that the effects of the new technologies on working life go beyond the
increased demand for specialised technical skills. Firm-level evidence on the impact
of ICT investment suggests that ICT use is correlated with increases in the demand
for human capital skills, but also with more decentralised decision—making and
greater use of teams (Bresnahan et al. 1999)*°. These authors conclude that “the
combination of computerisation, workplace organisation and increased demand for
skilled workers appears as a cluster of changes in modern firms, almost certainly
because they are complements”. This of course implies that the recent changes in the
structure of the corporation and the demand for human capital have a common origin
in technological change.

The demand for labour with skills in information and communications technology
(ICT) has increased rapidly in both the ICT sector itself and in the rest of the
economy. The ICT-producing sector ranks amongst the most knowledge—intensive
sectors in our economies. ICT production is highly research-intensive: in 1997, more
than one third of all business R&D in Ireland and Finland, and more than one fifth in
Canada, France, Italy, Japan, Sweden and the US, was carried out in the ICT sector
(see OECD 2000A). The rapid development and diffusion of new digital
technologies in the fields of telecommunications, the Internet and new media has led
to a pronounced expansion of the demand for ICT skills throughout the economy.
During the 1990s, ICT became a common form of economic infrastructure. In the
EU, computer density (PCs per 10 000 inhabitants) rose from 930 in 1992 to about
2 500 in 1999; during the same period, Internet density (estimated Internet users per
10 000 inhabitants) saw an even more dramatic increase, from 31 to about 1 600.

Several trends have shaped the demand for ICT-skilled personnel in the past quarter
of a century:

— Digitisation of telephony led to a decrease in the demand for lower-skilled ICT
personnel who had been necessary for the operation and rollout of an analogue
network. In turn, the demand for the skills needed to handle digital equipment
increased. In net terms, the number of employees in public telecommunications
operators has been falling since the beginning of the 1980s.

— Liberalisation of the telecommunications sector has not only forced former
monopolists to introduce cost-saving measures, but has also permitted the entry
of a large number of new competitors into the market. In the European Union,
the number of operators authorised to offer public voice telephony almost
doubled between 1998 and 2000 (European Commission, 2000).

— Internet and new media diffusion has created a demand for ICT skills both in

specialised IT firms and in companies which have sought to establish a
presence on the Internet and/or to engage in electronic commerce.

The downswing of Internet and technology stocks in spring 2000 led to significant
layoffs and to low recruitment activity in the ICT sector. Nevertheless, given the
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These empirical results are confirmed by a survey of managers that found that ICT is skill-increasing, a
tendency particularly pronounced in high human capital, ICT-intensive, and decentralised firms.
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positive long-term perspectives of the sector and the need for ICT skills in the rest of
the economy, skill shortages are likely to remain a problem for the economy.

Estimates of ICT skill shortages in Europe

Existing studies on ICT skill shortages differ widely in terms of their methodology
and scope. ICT skill shortages are measured, for instance, in terms of the number of
vacant jobs, or the expected number of jobs to be created in the future, or the
required number of persons with specific qualifications. Several studies analyse only
the ICT branches of industry, which were the first to experience skill shortages. The
ICT skill shortages have since spread throughout the economy, rendering it
increasingly difficult to come up with an estimate of the skills gap for the whole
economy.

Differences in educational curricula impose further difficulties for the estimation of
skills shortages. Any estimate of the future skills gap requires information not only
on demand, but also on the future supply of labour with ICT skills. In order to
estimate the supply of skills, data are needed on the output of the educational system
at a highly disaggregated level. Furthermore, training and re-training activities also
generate ICT skills, while their overall effects are difficult to estimate.

The overall business cycle and developments at industry level affect the demand for
labour with specific skills and increase the uncertainty of any projections of skill
shortages. This is particularly so in areas like ICT, where technological change is
rapid and the organisation of commercial activities changes at an equally rapid pace.
Hence, the estimates which are presented below should be taken as indicating the
order of magnitude of the trends in the demand for and supply of ICT skills.
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Two studies on ICT skills shortages are available at European level, both carried out
by the International Data Corporation (IDC)*'. In 2000, the IDC finalised a study on
ICT skills shortages for Microsoft (IDC, 2000). The study covered the skill needs for
Internetworking Environments (i.e. Internet-related activities), Technology-Neutral
Environments (i.e. IT-supported business processes) and Other Technology
Environments (i.e. host-based, distributed and applications environments).

The demand for ICT skills was expected to grow from approximately 9.5 million
ICT professionals in 1999 to 13.1 million in 2003, while supply was estimated to
grow from 8.6 million in 1999 to 11.3 million in the same period. Consequently, the
ICT skill shortages in Western Europe (EU-15, Norway and Switzerland) were
estimated to reach 1.7 million ICT professionals by 2003, representing 13 percent of
the demand for such skills.

The level of demand for ICT professionals varies strongly among the West European
countries included in the study (see Graph A III.1.1). On average, the demand for
ICT specialists amounts to 5.7 percent of total employment. This ratio is almost
twice as high in the Netherlands, Belgium and Sweden, while Greece, Ireland,
Portugal and Spain display the lowest levels of demand for ICT professionals.

In relative terms, the ICT skill shortages are highest in those countries where ICT
also has the highest weight in total employment: in the Netherlands, the shortage of
ICT-skilled personnel amounts to 1.2 percent of total employment; it is followed by
Sweden, Austria and Belgium (Graph A IIL.1.1). At the opposite end of the range is
Greece, where supply and demand are balanced.
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As part of its continuous tracking of the IT services industry, IDC reviews, on a bi-annual basis, the
level of demand for and supply of skilled professionals. From more than 12 000 interviews with
information systems (IS) managers across Europe, IDC translates IS spending intentions into the
amount of work that needs to be done in order to assimilate acquired technology.

IT work is segmented into activities that have to be performed during the planning, implementation,
maintenance, management and training phases. For example, in networking environments, these
activities would include needs assessment, network design, configuration, capacity planning,
optimisation, network monitoring, maintenance and management. This segmentation, along with trends
in IT investment, is analysed by company size for each country, generating a picture of demand for
skills over time.

Investigation of trends among “intermediaries”, typically recruitment agencies, provides a validation of
this demand profile. IDC estimates that these intermediaries fill 40-70 % of all vacancies (depending on
the country). Trends in their activities thus provide valuable validation of the demand profile generated
by IT spending patterns.

The supply of resources has been analysed and forecast by researching output levels in the network of
universities and other educational establishments. IDC conducted a survey of the academic community
in Western Europe; the primary research was carried out in cooperation with administrators with insight
on intake trends, evolution of courses and the subsequent employment tracks of graduates. These data
have been used to compile baseline trends in the supply of new professionals to the IT sector. In
addition to data from the academic community, IDC has also factored in a contribution (12 % of new
supply) from the re-skilling of workers from other industries, for example the defence and
manufacturing sectors. Source: IDC (2000).
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Graph A I11.1.1: Demand for and shortage of ICT skills as percent
of total employment, 1999
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The projected evolution of demand up to 2003 follows a fairly similar pattern in all
the countries covered in the study. In most countries, demand for ICT skills is
expected to grow at annual rates between 7 and 10 percent in the period 2000-2003.
After a moderate slowdown in 2001, growth is expected to accelerate again in 2002.
In Spain, growth in the demand for ICT skills was significantly higher than in the
other countries in 2000, while Luxembourg and Greece are expected to record
below-average growth until 2002.

In 2001, the IDC carried out a second study on ICT skill shortages, this time on
behalf of EITO (EITO, 2001). This study has a broader occupational coverage than
the previous one: three main categories of ICT skills are analysed. The first category
consists of ICT professionals, who support and develop technology environments in
the industries that use ICT. This category roughly corresponds to the narrower scope
of the earlier study (IDC 2000, see above). The second category covers e-business
professionals, who support business strategies related to the Internet. The third
category consists of call centre professionals, who provide sales and support
activities.
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Table A II1.1.1:Demand, supply and shortage of ICT skills in Western Europe
1999 2000 2001 2002 2003

Demand (1 000 persons)

ICT professionals 9450 10 397 11170 12 127 13 030
E-business 1812 2 800 3914 5084 6 327
Call centre 1 000 1300 1 690 2113 2577
Total 12 262 14 497 16 774 19 324 21935
Supply (1 000 persons)

ICT professionals 8613 9188 9815 10 609 11344
E-business 1 481 2255 3040 3761 4347
Call centre 900 1183 1 546 1954 2397
Total 10 994 12 626 14 401 16 324 18 088
Shortage (1 000 persons)

ICT professionals 837 1208 1355 1519 1 686
E-business 331 546 874 1324 1 980
Call centre 100 117 144 158 180
Total 1268 1 871 2373 3001 3 846
Shortage in % of demand

ICT professionals 8.9 11,6 12,1 12,5 12,9
E-business 18,3 19,5 223 26,0 31,3
Call centre 10,0 9,0 8,5 7,5 7,0
Total 10,3 12,9 14,1 15,5 17,5
In % of total employment

Demand 7.4 8,9 10,2 11,6 n.a.
Supply 6,6 7,7 8,7 9,8 n.a.
Shortage 0,8 1,1 1,4 1,8 n.a.

Source: WIFO calculations using EITO (2001).

The total demand for ICT, e-business and call centre skills in Western Europe is
estimated to have exceeded 10 percent of total employment in 2001, exceeding the
supply of such skills by 1.4 percent of total employment (Table A 1II.1.1).

It is forecast that between 1999 and 2003 the demand for personnel with ICT, e-
business and call centre skills in Western Europe will almost double. By 2003,
demand for these skills will exceed 21.9 million jobs. The growth pattern of demand
is similar across the countries covered in the study. Despite the expected increase in
the supply of personnel with ICT, e-business and call centre skills, the skills gap will
continue to widen.
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The estimated shortage of ICT professionals in 2003 — the first of the three categories
included, which corresponds to the narrower scope of the earlier study (IDC 2000) —
is similar to the estimate given a year earlier, 1.7 million persons. Adding to this the
categories of e-business professionals and call centre professionals leads to a total
estimated skills gap of 3.8 million persons. The shortage of e-business professionals
is expected to increase particularly rapidly, reflecting the more than threefold
increase in the demand for e-business skills over the forecast period 1999-2003. For
call centre skills, the gap between demand and supply will increase moderately in
absolute terms, but narrow in relation to total demand in the sector.

In relative terms, the estimated skills gap is highest for e-business skills, where it is
projected to amount to 31 percent of demand in 2003. The skills gap for ICT
professionals is forecast at 13 percent of demand, and that for call centre
professionals at 7 percent of demand. Under the category ICT professionals,
businesses appear to be looking primarily for Internet specialists (where the shortage
amounts to 32 percent of demand).

In Table A III.1.2, the estimates of the two IDC studies [IDC (2000) and EITO
(2001)] are compared with a selection of national-level studies. Differences in the
scope of the studies, sector definition, time horizon, data-gathering method or period
of study are likely to explain at least partly the wide differences in the estimates for
ICT skill shortages. National-level estimates for ICT skills demand, or skill
shortages, are in most cases substantially lower than the IDC estimates.

In more recent studies, the estimates of ICT skill shortages tend to be lower than in
earlier studies (see e.g. the studies by ITAA in the US). This is likely to reflect the
recent downswing of the ICT industry. However, the studies still point to existing
shortages, and these may aggravate once an upswing sets in.
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Policy responses to the ICT skills gap

Many governments and businesses alike have taken measures to combat ICT skill
shortages. Member States have introduced changes to their educational systems and
intensified ICT training; some have also encouraged immigration. At the EU level,
the European Commission launched the Initiative for New Employment, the
eLearning Initiative and the European Computer Driving Licence. Ten Member
States participated in a benchmarking project on “ICT and new organisational
arrangements”", which recommended inter alia that more be done to train the
personnel and management of SMEs in new technologies. Some firms have
established learning centres outside Europe, or transferred part of their development
and production units to non—EU countries (for examples, see EITO 2001).

Table A II1.1.3: Actions in response to the ICT skills shortage

Short—term demand Long—term demand
Immigration
Highly-skilled ICT Outsourcing to non-EU | Increase output of tertiary
personnel countries with a highly education

qualified labour force

Immigration

Outsourcing to non-EU

countries with a qualified
Medium-—skilled ICT labour force Increase output of

personnel ) secondary education
E-learning

Training and retraining

activities

European computer Increase computer and
Low-skilled ICT driving licence Internet literacy in
personnel Training and primary and secondary

requalification activities | education

The appropriate response to the ICT skills gap depends on the type and urgency of
the skills needs. Table A II1.1.3 groups the possible measures according to the level
of skills needed, and to the urgency of the skills shortage.

In most cases, the obvious response to skill shortages would be the adaptation of the
national educational system to provide more graduates with the required skills. If
highly skilled ICT personnel with ICT specific training of more than three years are
needed, changes in the education system may take too long to reduce current
shortages. Introducing new courses has lead times of one to two years as new
curricula have to be developed and additional resources are needed. Altogether, it
may take five to seven years before additional highly-skilled graduates leave the
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See recommendations in “Summary of Results of Best Practice-related Activities in the field of
Enterprise Policy” (SEC(2000) 1824 of 26.10.2000) p.4-5. Detailed information on the benchmarking
project are available on Internet:

http://www.benchmarking-in-europe.com/eu_initiatives/enterprise dg/framework conditions/index.htm
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education system and enter the labour market. Consequently, immigration or
outsourcing to countries with sufficient highly skilled ICT personnel may be the only
available short-term solution.

Short-term shortages of medium-skilled ICT personnel (with ICT-specific training of
one to three years) may also call for outsourcing and/or immigration policies, but to a
lesser extent than for highly-skilled ICT personnel. In the short run, ICT skills at
both intermediate and lower levels can be increased through training measures.
Training programmes may also have the beneficial side-effect of drawing more
people into the labour market and increasing participation rates. To succeed, it is
essential that public training measures be implemented in close co-operation with
firms.

Only some governments and few experts predicted the skill shortages in time, and
many were surprised by the magnitude of the problem in 1999 and 2000. While it is
difficult to predict with accuracy the future demand for occupational skills, it is
essential that the education and training regime be sufficiently flexible to
accommodate shifts in skills demand, especially when these are of a permanent
character.

Concluding comments

The long-term increase in the demand for highly skilled professionals and the recent
shortage of ICT-skilled workers is bound up with technological change. The longer-
term trend was matched by a constant increase in output from the education system.
In contrast, the more recent surge in ICT investment in the 1990s led to a constant
widening of the ICT skill gap, which was at its widest in the first half of 2000 and
was not accompanied by an increase in the output of the education system. This more
recent increase in demand for ICT skills is the direct product of the development and
diffusion of new technologies and has been intensified by the digitisation and
liberalisation in the telecommunication sector and the rapid expansion of the Internet
and new media.

Shortages of ICT skills have appeared both in the ICT sectors itself and in companies
which use ICT, for instance electronic commerce. The current shortages of personnel
with ICT skills may be even as high as 172 percent of total employment in Western
Europe. The skills shortages are expected to worsen in the coming years, despite an
increased supply of the requisite skills.

While changes in educational curricula may be the solution in the medium to long
term, short-term skill shortages have been met by measures such as targeted training,
immigration or outsourcing.

In recent years, measures to combat shortages of ICT skills have topped the policy
agenda in the Member States and in ICT firms. Both have been promoting strategies,
occasionally by co-operative arrangements, to increase the supply of ICT—skilled
labour. The Commission put forward the Initiative for New Employment, the
eLearning Initiative and the European Computer Driving Licence. Member States
have also initiated changes in their education systems and have intensified training
and requalification activities. Businesses have introduced new ways to recruit skilled
people (most notably online recruiting) and to raise employee loyalty by offering
stock options. They have also invested in technology-focused alliances with partners,
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launched eLearning systems, virtual learning centres, etc. Some Member States have
also tried to solve the ICT skill shortages by encouraging immigration, and some
firms have established learning centres outside Europe or transferred part of their
development and production units to non—EU countries.
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CHAPTER1V:
THE IMPACT OF INNOVATION ON MANUFACTURING PERFORMANCE

This chapter discusses the influence of innovation on production and productivity growth. It
focuses on manufacturing, first at the aggregate level, then at the level of sectors and
industries. The data confirm the key role of capabilities, knowledge , ICT and research output
in growth and productivity. The industry pattern of productivity growth appears to be similar
across countries and to have recently become even more similar, with technology-driven
industries now taking the lead in productivity increase in Europe also. With respect to the
forces facilitating innovation and growth, lagging European countries are catching up, albeit
slowly, and some European countries compare well with the US.

As discussed in Chapter I, the US is forging ahead in productivity growth. Following a long
period of more rapid productivity growth in Europe, productivity growth accelerated in the
US during the last decade and is now higher than in Europe and in Japan.” Between the first
and the second half of the 1990s the US experienced an acceleration in terms of both output
and productivity. In contrast, in the EU productivity decelerated by 0.7 percentage points
despite acceleration in output of 1.1 percentage points. The next section investigates these
trends in the manufacturing sector.

4.1. Manufacturing production and productivity growth in the EU and the US

Labour productivity in EU manufacturing increased at 3 percent per year during the
1990s and, in contrast to productivity in the whole economy, a modest acceleration
was registered between the first and the second halves of the decade. Nevertheless,
this acceleration was less strong than in the US (see Graph IV.1). The highest
productivity growth in the EU during the nineties was recorded in Ireland, Finland,
Austria and Sweden; in these four countries, productivity in manufacturing rose
faster than in the US (see Graph IV.2). The lowest growth rates were recorded in
Portugal, Spain and France (less than 2 % p.a.). In the second half of the 1990s, three
countries saw productivity increase faster than in the US, eleven countries
experienced productivity growth lower than in the US, and in Spain productivity
growth was negative (see Table IV.1).**

In manufacturing production, EU growth, which had been superior to that in the US
in 1986-90, declined at a lower rate than US growth in the 1990s (1.7 % annually
compared to 4.1 % annually in the US). Countries with low growth recorded barely
more than 1 % annually for the decade, while countries with high growth achieved
around 4 %, with the exception of Ireland (11.2%) and Finland (6.2 %).
Nevertheless, an important acceleration took place in almost all Member States
between the first and the second half of the 1990s.

- This is true not only for labour productivity, both for the whole economy and for manufacturing, but

also for total factor productivity.

If ranked according to the acceleration observed between the first and the second halves of the nineties,
Finland, France, Ireland and Germany spurred up productivity fastest while Denmark, Austria and
Portugal came in next.
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Graph 1V.1: Performance in manufacturing in EU and US
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