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EDITORIAL

Editorial

This volume is a collection of papers presented and discussed at the workshop
“Current Issues of Economic Growth”, organized by the Oesterreichische
Nationalbank on March 5, 2004 in Vienna. The goal of the workshop was to
discuss recent advances in economic growth theory, related empirical studies as
well as policy implications. Emphasis was placed on issues that appear to be
particular challenges for Austria and other EU countries in the years ahead, such as
the role of R&D and human capital formation as well as the possible impact of
ageing on productivity and long-run growth.

In his introductory statement, Peter Mooslechner, OeNB, pointed out that
even small growth differentials have rather severe consequences for relative per
capita incomes and therefore living standards when accumulated over a long time
span. Thus, growth theory and policy can have quite a large impact on economic
welfare in the long run.

The contribution by Bart Verspagen, Eindhoven University of Technology,
focused on the role of R&D ratios in Europe. Albeit an ambitious target, the
planned increase in R&D spending to three percent of GDP by 2010 as described in
the conclusions of the Barcelona Council 2002 will not be enough to reach the
productivity level of the U.S.A. according to the simulations presented by
Verspagen. Raising R&D expenditure must go hand in hand with other measures,
such as human capital development to increase absorptive capacity as well as
institutional reforms which encourage interaction between researchers in public
and private organizations and ensure an appropriate level of intellectual property
rights protection. Michael Peneder, WIFO, interpreted the findings as confirmation
of the need for micro-level, productivity enhancing structural reforms. In addition
to R&D, also incremental production process improvements as well as human
capital investments are key to the development of total factor productivity.

The next session of the workshop was devoted to international technology
spillovers as a source of technological change. International spillovers are often
thought of as the main driving force behind productivity growth in small open
economies like Austria. In two papers, Stephen Redding, London School of
Economics, and Johann Scharler, Oesterreichische Nationalbank, emphasized that
investing in one’s own R&D and human capital are important determinants of a
country’s absorptive capacity, i.e. the ability to absorb and take advantage of
technologies initially developed abroad. Thus, R&D and human capital do not only
contribute directly to productivity growth but also indirectly via facilitating
international technology spillovers. In addition, the second contribution to this
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session also presented evidence indicating that highly regulated product and labor
markets can act as a barrier to the adoption of new technologies. Robert M. Kunst,
University of Vienna, noted that absorption of foreign technology does not
necessarily imply convergence to the leader’s technological level.

In the third session, Angel de la Fuente, Institute of Economic Analysis,
presented a new, improved data set for measuring human capital. Although
economic theory leaves little doubt on the importance of human capital formation
for long-run growth, it has turned out to be difficult to find unambiguous empirical
evidence confirming this relationship. As emphasized by de la Fuente, this might
be due to the relatively bad quality of the data sets used as a basis for empirical
research. Using de la Fuente’s improved data set, a positive and significant
relationship between human capital and productivity is be established. Jesus
Crespo-Cuaresmo, University of Vienna, showed that different data sets used in
the literature provide contradictory conclusions on both the existence and the
evolution of a convergence of educational attainment in industrialized countries.

The last session analyzed the consequences of population ageing for
economic growth. While so far neglected, the issue is important and warrants
further research since population ageing is likely to have severe consequences not
just for pension and health care systems but also for productivity. Alexia
Fiirnkranz-Prskawetz, Vienna Institute for Demography, finds in her simulations
that the — likely imperfect - substitutability between workers of different age
groups substantially influences future productivity developments. Raising Austrian
labor force participation rates to Northern European levels offers an opportunity to
compensate for the expected shrinkage of the labor force due to population ageing.
Landis MacKellar, Vienna Institute of Demography, quoted evidence that labor
productivity indeed declines somewhat with age. The substitutability among
younger and older workers likely differs by sector. Whereas in jobs where physical
strength is required young workers are at a clear advantage and training cannot
make up for age-related loss of performance, in “knowledge jobs” firm-specific
knowledge and networks make up for older workers” outdated skills, and training
can to some extent increase the substitutability between age groups. Countries with
flexible labor markets are better adapted to respond to ageing than countries with
seniority-based wage systems. Ageing may shift labor to low-productivity sectors
such as personal services and health care, and it may bias technical progress
towards the health sector.

Thomas Lindh, University of Uppsala, argued that population ageing will imply
a growth slow down, if no countermeasures are taken. Current growth levels might
be preserved by a broad approach comprising intensified and longer utilization of
existing human capital combined with labor imports and increased fertility.
Important intergenerational issues are raised by ageing. Helmut Kramer, WIFO,
emphasized the huge macroeconomic and societal implications of ageing, so far not
duly recognized by policy-makers. A strategic combination of measures to meet
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this problem is required and should, in addition to indispensable parametric
reforms of pension systems and an increase in labor participation and productivity
rates as well as an integration of unemployed into the work process, also include
foreign investments by rich, ageing nations in demographically younger nations.
Kramer expected that the demographically induced increasing labor scarcity will
automatically boost labor productivity and emphasized education as a key
ingredient to any comprehensive strategy, so far not sufficiently recognized by
decision-makers.

To conclude, the workshop showed that no single measure will be able to raise
productivity and potential GDP growth in Austria and the EU sufficiently to live up
to the aspirations of the Lisbon strategy. Rather, a comprehensive strategy is
required which takes due account of various complementarities between R&D,
human capital, demographic developments and many other policy areas, both
within and across countries. The Lisbon Agenda provides a useful framework but
considerable further work, both at a conceptual level and in terms of coherent
implementation, will be required in the years to come.

Ernest Gnan
Jurgen Janger
Johann Scharler
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THE CHALLENGE OF ECONOMIC GROWTH

The Challenge of Economic Growth:
What Are the Issues?

Peter Mooslechner

..... the rate of growth, a concept which has been little used in economic theory,
and in which I put much faith as an extremely useful instrument of economic
analysis.”

Evsey Domar (1946)

When we first started to think about organizing a workshop on growth issues the
world was under the impression of the “New Economy” miracle, in particular in
the U.S., and the discussion in Europe was developing around the question if and
how Europe could or could not participate in this new phenomenon. This was also
the time when the Lisbon agenda was set up to define a strategy and a set of
measures how Europe possibly could cope with the U.S. growth and productivity
challenge.

Soon afterwards the situation changed completely. The year 2000 stock market
correction as well as a number of additional shocks brought the long-lasting period
of growth in the U.S. to a sudden end and the whole world went into a severe
cyclical downturn. But, once again, this made growth issues — now from a
somewhat different perspective — one of the core economic policy questions.
Therefore, growth problems continue to stay at the forefront of European issues, in
particular, because the cyclical downturn in Europe turned out to be not only much
longer than expected but also significantly worse compared to almost all other parts
of the world. At the same time, the mid-term review of the Lisbon agenda under
way will raise the fundamental growth issues again in a European economic policy
context.

In general, and as the recent situation in Europe illustrates, it is not only very
complicated to distinguish between short-term cyclical episodes of low growth and
deficiencies in long-term (potential) growth performance, the fundamental

8 @ONB WORKSHOPS NO. 2/2004



THE CHALLENGE OF ECONOMIC GROWTH

questions of growth and their discussion are by no means new in economic history.
Two quotations from the economic literature may illustrate the historical dimension
of the problem:

As early as in 1977, Joan Robinson wrote in her famous paper “What are the
Questions”, published in the Journal of Economic Literature: “In this situation, the
cry is to get growth started again. The European countries in a weak competitive
position plead with West Germany to spend money on something or other to
improve the market for the rest so that they can permit employment to increase.
Any up turn in the indicators in the United States is greeted as a sign that we shall
once more be pulled up out of the slough.”

And Gregory Mankiw in the 25™ anniversary issue of the Brooking Papers on
Economic Activity in 1995 wrote on “The Growth of Nations™: “After many years
of neglect, these questions are again at the centre of macroeconomic research and
teaching.” “There is an increasing consensus that the role of capital in economic
growth should be interpreted more broadly.” ........ and....... “Yet some recent
work on economic growth suggests that a more activist government could be
beneficial.”

Why Concentrate on Growth?

Why is growth important? Why have some countries grown rich while others
remain poor? It is hard to think of a more fundamental question for economists to
answer. (Temple, 1999). It is well known — but neglected most of the time - that
even moderate growth differentials can lead to substantial differences in the level
of per capita GDP — and hence also in welfare - across countries. This is in sharp
contrast to business cycle fluctuations which are often found to have minor welfare
implications overall. Thus, growth theory appears to be the branch of
macroeconomics that really matters in the long-run, although good cyclical policies
may be seen as an important prerequisite to become successful.

To appreciate the consequences of apparently small growth differentials the
following example borrowed from Barro and Sala-i-Martin (1995) is quite useful:
The U.S.A. has grown on average by 1.75 % over the period 1870 to 1990. If the
average growth rate had been lower by just one percentage point, than U.S. real per
capita GDP in 1990 would have been quite close to that in Mexico or Hungary and
also around USD 1.000 below that in Portugal or Greece. But growth obviously
matters not only for income levels. Okun’s law, or rather, the negative association
between unemployment and GDP growth, can still be observed. At the same time
and obviously of crucial importance today, sufficient growth also takes away
pressure from public finances and makes long-term oriented policies possible and
much more likely.
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Europe vs the U.S.A.: The Ongoing Growth Match

Many times, relative growth performance between countries and rankings of
countries in growth performance are in the centre of public interest. History tells us
that the relative growth performance of countries as well as their rank according to
GDP- or wealth levels changes considerably over time, due to a large number of
different factors. Even looking at the historical period since industrialization only,
countries like Argentina or the Czech Republic once ranked among the most
developed countries of the industrialized world, which today clearly have lost
position compared to the group of high income countries. In the same vain, history
since World War II can be interpreted as a sequence of growth comparison stories
— and, much more, of growth gap stories - between Europe and the U.S.A., with the
U.S.A. in the lead during some periods and Europe in the lead during others.

Nowadays, it is usually claimed that economic growth in Europe has been
lagging behind the U.S.A. since the 1980s. Even more worrying - for the first time
in decades the EU is now on a lower trend productivity growth path than the
U.S.A.. Or, how the OECD postulates the question in its recently published growth
project: “What makes some countries seemingly able to thrive on new
technological opportunities while others are held back?” (OECD, 2003a and
2003b).

Looking a little bit behind the available figures, European economic
performance is not that bad in a long-term perspective. Over 10 years there is an
almost equal performance of the U.S.A. and the EU in growth per capita and
productivity growth (Daly, 2004). From 1993 to 2003, GDP per head grew at an
equal rate of 2.1% in the U.S.A and in the Euro area without Germany, which still
suffers from the consequences of the reunificiation as the latest OECD country
survey (2004) concedes. With Germany, the Euro area achieved a growth rate of
1.8% which is only slightly lower than 2.1%. In addition, since 1997 European
employment has grown by 8%, whereas employment in the U.S.A. has only grown
by 6%. As Lisbon relates to a long-term programme (10 years), this time span
should be adopted for the economic analysis as well.

Europe seems now to be somewhat similar than the situation was in the U.S.A.
in the 1980s — raising employment prevents productivity gains in the short term.
We should also mention that the recent American recovery which has widened the
gap relative to Europe has been supported by a unprecedented large fiscal and
monetary stimulus and is certainly not only — if at all - the result of America’s
superior supply-side performance. In a recent article, The Economist (2004) writes
that optimistic American policymakers stress success, while playing down macro-
economic imbalances (and acting rather pragmatically on economic policy), while
European policymakers only complain.
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Last but not least, there is another important empirical aspect to be mentioned
here, although it is clearly beyond the European topic to be discussed here: Africa.
“We have learned a lot about growth in the last few years. However, we still do not
seem to understand why Africa turned to have such dismal growth
performance.....Understanding the underlying reasons for this gargantuan failure is
the most important question the economics profession faces as we enter the new
century.” (Sala-i-Martin, 2002).

What Can Growth Theory Tell Us?

The number of insights — both theoretically and empirically — has increased
tremendously since the renewed interest in economic growth that started in the mid
1980s because of the lack of convergence to U.S. income levels. Although factor
accumulation is important, it seems to be mainly growth in total factor productivity
(TFP) which determines long-run growth. This means that those countries which
are best able to introduce new work practices — i.e. raising the efficiency of the
input factors - will grow fastest. For example: The recent productivity pick-up in
the U.S.A has been linked to the role of ICT in the economy — a general-purpose
technology that is changing work practices and may be one of the drivers of TFP-
growth.

In this particular context, Easterly and Levine (2002) — when documenting what
they call five stylized facts of economic growth — stress very much the importance
of “something else” besides factor accumulation to play a prominent role in
explaining differences in economic performance. The TFP-residual accounts for
most of the cross-country and cross-time variation in growth. And they also
conclude, that overall growth is highly unstable over time, while factor
accumulation is much more stable. In a very stimulating way Jones (2003)
addresses the whole issue from the perspective of “ideas”, how they are produced
and how they contribute to understand TFP-growth.

Some of the main drivers of or barriers to TFP-growth are the core of the
European agenda today — R&D, R&D diffusion, human capital as well as ageing.
The important contributions of R&D and human capital to TFP growth has been
known for some time, but new theoretical and empirical work sheds new light on
those issues. That ageing may not only have consequences for public finances, but
also for productivity growth is a very recent and urgent issue developed in the
much broader context of the ageing agenda.

There are important effects of each of these elements, but there is no single
cause. It seems that each country pursues a rather different growth mix determined
by its productivity growth regime. Several studies show that TFP growth has more
country-specific components than it has cross-country components. This suggests a
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large role for national policies and to take a much broader picture of a country’s
overall structural features to be relevant in this context. In face of the population
ageing and the declining productivity trend in Europe, the need for an explicit
growth strategy is obvious but very hard to agree upon below the level of (too)
general policy messages.

Many empirical findings remind us to be very careful in our (pre-)judgement of
economic performance and in our pinpointing the “culprits” come out of a paper by
Pritchett (2000) and a recent paper by Hausmann, Pritchett and Rodrik (2004). The
first tells us that the more typical pattern of economic growth is that countries
experience phases of growth, stagnation or decline of varying length. The second
finds that what they define as growth accelerations (an increase of per-capita
growth of 2% sustained for eight years) is highly unpredictable and that most
instances of economic reform do not produce successful growth accelerations. It
finds as well that growth accelerations seem to require more investment, more
exports and a more competitive real exchange rate. They do not seem to happen by
pure accelerations in total factor productivity alone. Of course, this does not mean
that reforms are not necessary and that we can be complacent, but one should keep
in mind that we should be careful blaming slow growth only on very narrow
reasons.

At the same time, one very important development also seems to be, that the
new economic growth literature has quantified the importance of having the right
institutions to let growth develop (Sala-i-Martin, 2002). Empirically, it has become
increasingly clear that institutions are an important determinant of growth, but we
are still in the early stages when it comes to incorporating institutions to our
theories. For example: What are better institutions and policies for encouraging the
efficient amount of research? The extent to which individual firms might
underinvest in research as well as estimates of the “true” social rates of return to
research are well documented in the literature. To the extent the marginal benefit of
research to the overall economy and to society are underestimated, better
institutions might improve allocations and thereby foster welfare and growth
(Jones, 2003).

The Lisbon Agenda and Growth Policy

The EU-Lisbon Strategy of March 2000 has the intention to make the European
Union the “most competitive and dynamic knowledge-based economy in the
world” by 2010. The member states are to meet a number of defined and mostly
quantified targets in this respect. Beyond the overall strategy defined at EU level,
there is a clear need for national formulation because different situation,
institutions and structure of the economy in each country.

12 @ONB WORKSHOPS NO. 2/2004



THE CHALLENGE OF ECONOMIC GROWTH

The focus of the Lisbon midterm review process should be placed on how to
reach the numerical Lisbon targets in employment, R&D spending, schooling etc.
rather than on analyzing the recent growth performance and suggesting new fields
of economic policy measures. The main question is how to foster timely and
successful implementation of measures that move the European economy closer to
an improved macroeconomic outcome — ranging from better growth to higher
employment and improved long-term competitiveness. Of course, an agreed
theoretical blueprint of determinants of growth and TFP is crucial for addressing
the right (intermediate-) targets and selecting the right instruments.

There seem to be two (conflicting) views on how a successful implementation
of policies can be achieved:

One maintains that only a real economic crisis will produce the necessary
acceptance for change, while the other calls for a pronounced upswing to facilitate
reforms. Definitely, the first view cannot be a sensible guide for action as no
politician will actively try to produce a (national) crisis, which would be very
costly in macroeconomic terms. By comparison, an explicit growth strategy will
not only generate more resources to spend on knowledge investment, ICT
infrastructure etc., at the same time, changes and structural reforms necessary are
always easier to implement in a growing economy, in particular at lower political
cost. For example, the International Monetary Fund (IMF), (2004) recommends in
a recent study to take advantage of recoveries for structural policies and states that
(p. 132) “in practice, it can be difficult to undertake fiscal adjustment and
structural reforms simultaneously ”. Structural reforms should be of high priority at
times of favourable cyclical prospects and, therefore, for public finances. The first
priority for the success of the Lisbon strategy must thus be a pronounced and
sustained economic upturn and a European macroeconomic policy mix that makes
this possible. How can we achieve this while making sure that those favourable
economic conditions will be effectively used for implementing measures to reach
the core structural Lisbon targets? Sequencing of measures to be implemented
should be pragmatic and concentrate on reforms first which will boost private
consumption and confidence.

In this respect, one has to bear in mind that many of the structural reforms
necessary and policy measures to be implemented are quite costly and may require
more fiscal leeway than currently foreseen under the Stability and Growth Pact - if
we think for instance of investment in human capital or a higher share of R&D
expenditure. It is also extremely important to get reforms to be undertaken
accepted in society. A proposal which refers to an idea of the pioneering public-
finance economist Richard Musgrave from Harvard for example suggests to
exclude growth enhancing public expenditures (such as public investment) from
the current budget. The idea behind this proposal is that those public expenditures
that generate benefits to future generations do not have to be financed by current
budgetary revenues but can be financed by debt — very similar to the arguments
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behind private investment decisions. Although a (credible) implementation of this
proposal may be quite complicated the basic idea of generating focus on growth
enhancing public expenditures and raising the share of such expenditures in public
budgets is also part of the EU tool kit for improving the overall quality of public
finances.

For each of the five domains of the Lisbon Strategy (employment, research and
innovation, economic reform, social cohesion and sustainable development), the
EU has set itself targets, sometimes numerical ones. Instead of complaining
generally it is essential to talk at the European and national level at the same time
about where a country stands numerically in comparison with the Lisbon targets. In
the spirit of Kok (2003), there is a need to formulate clear national policies with
targets reflecting those agreed at the EU level. Why is the employment ratio in
country A only at 62%, what measures could we take to increase it? Why is the
R&D ratio in country B only at 1,5%, why does the transposition rate of the Lisbon
directives stand at only 60% in country C, why have only 70% of 22-year olds in
country D completed upper secondary education, what measures...

Building a constructive atmosphere involving governments, academia, social
partners and the civil society and creating a feeling of Europe moving forward in a
socially accepted way would speed up the implementation of measures and
strengthen consumer confidence urgently needed. Another advantage of addressing
more precisely the numerical benchmarks would be to put targets into focus which
can really be influenced by national governments, whereas the overall growth rate
can only be influenced via those benchmarks very indirectly and, at best, in the
medium-term. (Improved) overall economic performance should be looked at once
all the numerical targets (benchmarks) set in the Lisbon strategy have been
achieved.

As Kok et al. (2003) also stress clearly, the success stories of a number of
Member States show that apart from a clear vision about to path to sustainable
growth and social cohesion, strong political will and co-ordinated efforts of all
actors and relevant social groups are crucial. A national growth strategy (or a
strategy for each Lisbon domain) could be both a vehicle for a clear vision and a
co-ordinating device for all actors. Such a strategy could work like the goal of EU-
Membership worked for the new member states, qualification for EMU or many
other similar experiences, as a general accepted anchor of targets to be achieved
and of policies to be implemented.
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EUROPEAN PRODUCTIVITY GAPS

European Productivity Gaps: Is R&D the Solution?

Christoph Meister
Ecis, Eindhoven University of Technology
&
Bart Verspagen

Ecis, Eindhoven University of Technology & TIK, University of Oslo

1. Introduction

Industrialization, and the association between technological advance and economic
growth, brought Europe world economic leadership in the 19" century. However,
in the course of the 20™ century, European leadership was lost to the United States,
as well as a number of dynamic Asian economies, of which Japan was the first to
emerge in the process of modern economic growth. This loss of European
leadership is commonly associated with another major technological change: the
rise of the mass production system in the United States (e.g., David, 1975).

The process of European integration, started after the Second World War
primarily as a way of achieving political stability and peace, became a major force
towards the realization of economies of scale in the European economies, and
hence as a way for Europe to benefit more than it had done before from the mass
production system. This had its highpoint in the realization of the ‘Europe 1992’
program, which created a single European market, without limitations or the free
trade of goods and services or the free mobility of people (Tsoukalis, 1997).

As a result of this and other factors related to the diffusion of technology,
Europe was able to catch-up to the United States over the long postwar period (e.g.,
Abramovitz, 1979, Nelson and Wright, 1992, Pavitt and Soete, 1982), and close
some of the productivity gap that had emerged in the first half of the 20" century
(especially during the 1930s and 1940s). However, as we will document below, at
the dawn of the 21* century Europe still faces a major productivity gap relative to
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the U.S.A. and other world economic leaders, such as Japan.

e This fact of a European backlog relative to especially the U.S.A. and the
dynamic Asian economies, led European political leaders to formulate an
ambitious goal for the first ten years of the new millennium. At the Lisbon
Summit in 2000 the governments of the European Union (EU) agreed on
the goal of the EU to become by 2010 “the most competitive and dynamic
knowledge-based economy in the world, capable of sustainable economic
growth with more and better jobs and greater social cohesion”.! This
overall goal of the Lisbon Process has been embedded in a set of policy
guidelines that include the following elements:

e Preparing the transition to a knowledge-based economy through better
polices for the information society and R&D;

e Stepping up the process of structural reform for competitiveness and
innovation and completion of the single market;

e Combating social exclusion and modernizing the European social model
by investing in people;

e Sustaining the healthy economic outlook and favourable growth prospects
by continuing with an appropriate macroeconomic policy mix and
improving the quality of public finance.

To realize these goals, the review of the Lisbon Process at the Barcelona Summit in
2002 has explicitly emphasized the importance of Research and Development
(R&D). One of its main recommendations calls for an increase in European R&D
expenditure with the target to reach 3% of European GDP by 2010, two thirds of
this to take the form of business R&D.> The main argument behind this target
appears to be the concern that even if in the EU knowledge-intensive industries
have been partially successful in creating employment over the last decade,
productivity developments have been far less favorable (especially if measured
against the U.S.A.). This underperformance is seen as a threat for European
competitiveness and economic growth in general and, more specifically, for the
achievement of the Lisbon goals and for the growth of national incomes and living
standards. A related concern is the fact that the EU performs relatively low in input
(business R&D) and output indicators (such as patents) of innovative activity.
Public policy, with the aim to promote investment in business R&D, is therefore

! Presidency Conclusions, Lisbon European Council, 23 and 24 March 2002, para. 5.

2 Cf. Presidency Conclusions, Barcelona European Council, 15 and 16 March 2002 para.
47. For a review of the progress of the Lisbon Process up to then see The Lisbon Strategy.
Making Change Happen, Communication from the Commission to the Spring European
Council in Barcelona, COM(2002) 14 final, 15.1.2002.
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seen as a key measure to prevent long-term economic decline (European
Commission, 2002, Economic Policy Committee, 2002).’

As we argue below there is indeed major evidence that links R&D to productivity
performance. Also, the adoption of the Barcelona target should contribute to close
the gap in R&D intensities between the EU and the U.S. economies. However, the
extent to which it can contribute to offset the productivity gap between the EU and
the U.S.A. remains to be seen. On the one hand, as pointed out in the official
documents as well, regulatory and other institutional differences might play
important roles. On the other hand, the EU’s trading partners will also benefit from
increased European R&D by a higher R&D content of exports. Thus, for relative
productivity, achieving the Barcelona target is not a zero-sum game. Based on a
simulation exercise, which uses results from the literature and from a longitudinal
dataset, the paper tries to assess this issue. It starts with a short discussion on the
link between R&D and productivity growth. Section 3 presents an overview of the
existing productivity gap between the EU and the U.S.A. and its development over
time and sectors. Section 4 provides and discusses the simulation results. A
conclusion sums up the main findings and puts them into the perspective of the
debate.

2. The Link between R&D and Productivity

Economic theorists have accepted the positive link between technological change,
productivity and economic growth for a long time. Process innovation provides
opportunities for cost reduction. Product innovation enhances either the range of
available intermediate inputs for the production process, increasing real output, or
increases the availability of consumer products with corresponding welfare gains.
Indeed, in modern economies, the inputs of capital and labor alone cannot account
for a large part of output growth in modern economies (Solow, 1957). The concept
of ‘total factor productivity’ (TFP) has been widely used as a measure to explain
this residual (see Nadiri, 1970).

In a rich empirical tradition of work on productivity growth (e.g., Griliches, 1979),
the total factor productivity residual has been related to the accumulation of a
‘knowledge stock’, which is not accounted for in the measurement of the
conventional capital stock but increases output via innovation and technological
change. R&D expenditures have been suggested as a way of measuring this
knowledge stock, and this has led to a range of works relating R&D expenditures

3 See also Productivity. The Key to Competitiveness of European Economies and
Enterprises, Communication from the Commission to the Council and the European
Parliament COM(2002) 262 final, 21.05.2002.
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to total factor productivity growth. This is consistent with the notion in ‘new
growth theory’ of non-convexities of R&D and knowledge in output, which results
in self-sustaining growth (as in Romer, 1986, 1990).

An important issue in this literature is the idea that R&D not only provides
productivity benefits for the firms that undertake it, but also for other firms in
similar or somehow related lines of business. This is the notion of R&D spillovers,
indicating that the impact of innovation and technology is felt widely rather than
being a private pay-off. In this context, Griliches (1979, 1993) pointed to the
distinction between knowledge and rent spillovers. Pure ‘knowledge spillovers’
are externalities arising from the public goods characteristics of technology and
research without the need to engage in economic transactions. These externalities
can arise from learning, observation and copying such as ‘reverse engineering’ and
‘patenting around’. Other transmission channels result from formal and informal
contacts and networks of scientists, professionals, clients and customers, which go
beyond market transactions (Mansfield, 1985). Rent spillovers, on the other hand,
are defined by a shift of innovation rents from the producer to the user of a certain
technology due to competitive market pressures. From the perspective of the whole
economy, this constitutes an unwanted measurement error in attributing
productivity increases to the wrong entity and can in principle corrected by using
adjusted output deflators (Triplett, 1996). Yet for an individual firm, industry or
country, such effects result in real benefits with corresponding productivity
increases. Empirically, however, both notions are somewhat difficult to separate, as
market interaction can facilitate the exchange of technological knowledge. To
reflect the different mechanisms of spillover transmission and absorption the
empirical literature uses basically three different weighting schemes to aggregate a
stock of indirect, spillover-related R&D. Tansaction-based weights emphasise to
some extent the rent spillover component. Usually these are derived from
interindustry sales (e.g. van Meijl, 1995), investment flows (e.g. Sveikauskas,
1981) or from a full input-output framework (e.g. Terleckyj, 1974, 1982, Wolff and
Nadiri, 1993 or Sakurai et al., 1996). In contrast, weighting by technological
distance measures accounts for the fact that the absorption of knowledge spillovers
is mediated by the technological proximity between receiver and transmitter. Such
distance may be measured by the type of performed R&D (Goto and Suzuki,
1989), the qualifications of researchers (Adams, 1990), the distribution of patents
between patent classes (Jaffe, 1986) or patent classifications and -citations
(Verspagen, 1997a,b). Technology flow matrices in a sense combine the two
concepts of technological and ‘market’ proximity by identifying originators and
(potential) users of a technology or an innovation. Scherer’s user-producer matrix
as well as the Yale matrix have been derived from patent statistics (Scherer, 1982,
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Putnam and Evenson, 1994).* Many empirical studies have found indeed a
relatively high influence of R&D and related spillovers to productivity growth but
the results depend in some measure on the construction of the spillover variable.’
The findings that market transactions and technological closeness matter for
productivity imply an extension of any meaningful empirical analysis to the global
level, at least to the major trading partners. There is no a priori reason why
international spillovers should be modelled differently than domestic spillovers.
The total technology content of a product or a sector that matters for productivity
contains the R&D performed by itself as well as the technology acquired by inputs
from both domestic and foreign sources. For that reason, besides the more static
advantages of getting an expanded set of inputs at lower cost (including frontier-
technology), international trade is an important source for long-term development
and catching-up (Fagerberg, 1987, Abramovitz, 1986). Especially small open
economies can benefit disproportionately from international spillovers, not only in
a development context (Coe et al., 2002) but also amongst developed countries as
shown by Coe and Helpman (1995).° In fact it may be argued that the potential of
the global R&D stock for catching-up should be relatively high for developed
economies that already have a high level of absorptive capacities and would yield
comparatively marginal benefits from investment in education and other social
capabilities (Archibughi and Mitchie, 1998).

3. European Performance Relative to the World Economic
Leaders

The eagerness of European policy makers to bring Europe to the economic frontier
of the world is obviously rooted in the feeling that Europe is behind relative to the
U.S.A. and other leading countries in the world in terms of technology and
productivity. The aim of this section is to document the European gap in this
respect. We focus on the manufacturing industry, which we subdivide into 21
sectors, documented in Table 1. The sources of the data are the OECD STAN
database, and various parts of the Groningen Growth and Development database.
The newest version of the STAN database, using the ISIC rev. 3 classification,

* The intermediate position of technology flow matrices is confirmed by van Pottelsberghe
(1997), who applies the different weights to the same dataset. Moreover, these results
vindicate the approach of most empirical studies to use one and the same matrix across
different countries.

> See Cincera and van Pottelsberghe (2001), Mohnen (2002) and Los and Verspagen
(2003) for recent in-depth reviews of the empirical spillover literature.

% Also the simulation results of Verspagen (1997b) exhibit to some degree a relatively high
contribution to productivity growth for the smaller economies in the sample.
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covers the period from1980 to 1998, while the older version of it, using the ISIC
rev. 2 classification covers the period from1970 to 1994. Merging these editions
and accounting for the different classification schemes we obtain a dataset that
covers the period from 1973 from 1997. We derive the growth rates of total factor
productivity from this database, in the way that is described in more detail below.
We use additional data on hours worked per person, unit value ratios (for value
added) and value added deflators from the GGDC database to set up a benchmark
of total factor productivity levels relative to the U.S.A. for 1997 (on the general
nature of the data, see, e.g., Van Ark, 1996).” The TFP growth rates derived from
STAN are used to retrapolate this benchmark on a yearly basis to the early 1970s.
Because the STAN database has some serious holes in terms of the coverage for
some countries, we focus on only four European countries, and compare these to
the U.S.A.. The four European countries are Germany, France, Italy and the United
Kingdom. We use employment (in number of jobs) as our indicator of labor input
in the total factor productivity growth rate calculations. In this part of the
calculations, no correction for hours worked is made, because the data on hours in
the GGDC database is not available for a large part of the period we are interested
in. Value added is our output indicator, and a constructed capital stock is taken as
the only other production factor. The capital stock is constructed on the basis of the
investment time series, using a perpetual inventory method (with a depreciation
rate equal to 0.15). We have to resort to using aggregate purchasing power parities
for the capital stocks supplied by the Penn World Tables, because the GGDC
database does not supply sectoral data on capital stocks (or investment flows). In
summary, the 1997 benchmark of total factor productivity levels is based on state-
of-the art methods that take into account differences between sectors in terms of
unit value ratios and hours worked, but the growth rates that are used to retrapolate
this benchmark are based on more rough measures.

7 The specific way in which this is done involves retrapolating the 1997 unit value ratios in
the GGDC database to 1990 by means of the value added deflators.
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Table 1: Sectors in the Analysis

ISIC
ISIC rev.2 rev.3 Short description
31 15-16 Food, beverages & tobacco
32 17-19 Textiles, apparel & leather
33 20 Wood products & furniture
34 21-22 Paper, paper products & printing
3514352 24 Industrial chemicals, drugs & medicines
353+354 23 Petroleum & coal products
355+356 25 Rubber & plastic products
36 26 Non-metallic mineral products
37 27 Iron & steel, non-ferrous metals
381 28 Metal products
3825 30 Office & computing machinery
382-3825 29 Non-electrical machinery
3832 32 Radio, TV & communication equipment
383-3832 31 Electrical apparatus, nec
3841 351 Shipbuilding & repairing
3843 34 Motor vehicles
3845 353 Aircraft
3842+3844+3849 352,359  Other transport
385 33 Professional goods
39 36-37 Other manufacturing

Chart 1 describes the evolution of total factor productivity gaps (ratios) in
manufacturing sectors between the European countries and the U.S.A. A value
larger than one indicates a European lead. The vertical axis of these figures gives
the frequency of sectors with the specific value of the gap displayed on the
horizontal axis. Thus, a peak in the plotted surface points to a cluster of sectors at
the specific value of the productivity gap. The distribution displayed in the figure is
smoothed using a so-called kernel density estimation method (see Hirdle, 1990).*
The raw data consist of the value of the productivity gap for each of the 21 sectors
in the four countries (hence there are 84 observations for each year) for the period
specified in the graphs. The kernel density estimates can be seen as smoothed
histograms (one for every year) of these values. Peaks in the figure indicate that
relatively many sectors cluster at the value of the productivity gap displayed on the
horizontal axis below. The value 1 on the horizontal axis demarcates the difference

¥ We use Stata’s kdensity function, with the default Epanechnikov kernel.
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between European productivity leadership (>1) and a European productivity
backlog (<1). In chart 1, it is obvious that on average, the European countries
indeed face a productivity gap relative to the U.S.A., although it is a relatively
small one.” The peak (modal value) of the density plot in 1997 lies at a value of
90% (0.9), i.e., where the European countries trail 10% behind U.S. productivity.
53% of the total density (sectors) has a 10% or higher backlog, i.e. is found to the
left of the peak for 1997. 36% of the density is found in the right tail that represents
European sectors leading over the U.S.A. in terms of total factor productivity
(values larger than 1).

? Our four European countries display above-EU average productivity, so that the results in
this section must be seen as a lower boundary to the gap of the total EU.
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Chart 1: Kernel Density Estimates of the Distribution of Total Factor
Productivity Gaps of four European Countries vs. the United States (The
Horizontal Axis Indicates the Ratio of European Productivity over U.S.
Productivity.)
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Over time, the evolution is one in which the distribution becomes more narrow
and peaked, but the overall centre of the distribution does not shift very much. In
the early 1970s, the peak lies at 85%, i.e., a somewhat larger European backlog, but
at the same time, a larger fraction (48%) of the total density is found at values
larger than one (i.e., a European lead). The early periods also show a relatively
long trail of sectors on the right hand side, which corresponds to a limited number
of European sectors that operate at the ‘leading edge’ of productivity. This ‘leading
edge’ largely disappears over the 30-year period in the graph, until we have the
relatively narrow and peaked distribution of the late 1990s.
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4. R&D in Europe and the Global Economy: Reality and the
Barcelona R&D Target

The large majority of R&D in the world is carried out by firms, universities and
public or semi-public research organizations. Chart 2 shows the total R&D
intensity in Europe, on the one hand, and U.S.A. on the other hand. R&D intensity
is defined as total R&D as a % of GDP. Over the period 1980-2000, this value
fluctuates between 2 'spercent and 3% in the U.S.A., while it is almost a full
percentage point lower in the European Union'® (all averages across countries are
calculated as weighted averages). For the four European countries identified in the
previous section, the value is slightly higher than the EU-average: it fluctuates
around 2%. Chart 2 thus supports the impression of European backlog in R&D that
led to the Barcelona target of a 3 % R&D intensity. In order to achieve this target,
and given the value of GDP in the year 2000, Europe’s R&D effort in that year
would need to be expanded by (roughly) one third. Obviously, this is a large
increase, and one may put question marks to the possibility to achieve this,
especially so in times of a downturn in the world business cycle, as well as more
than a year having passed since the Barcelona meeting, without clear policy
measures aimed at stimulating R&D extra having been undertaken in many
European countries.

' The European Union is defined as EU-16 over the complete period.
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Chart 2: R&D Intensity (Total R&D as Percents of GDP)
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While we believe that the Barcelona R&D targets will be rather hard to achieve,
we undertake the analysis in the remainder of this paper under the assumption that
it will indeed be possible to achieve these targets. The aim of this analysis is to
assess the impact that increased R&D intensity may have on the productivity gaps
facing the European economy.

5. Assessing the Impact of “Barcelona” on European
Productivity Gaps

The empirical and theoretical literature on R&D and productivity provides a
practical framework to assess the impact of increased R&D efforts in Europe on
technology gaps between Europe and the U.S.A.. In this assessment, account will
have to be taken of the fact that R&D does not only have an impact in the
firm/sector where it is undertaken, but also, partly spills over to other sectors in the
domestic and foreign economy. Viewed in this way, much of the increased R&D
efforts as a result of ‘Barcelona’ will be absorbed within the EU itself due to the
nature of the integration of European economies. However, it will also add to the
technology content of exports to the main non-European competitors with the
potential to generate productivity increases there. The aim of this section is to
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employ a simulation exercise to assess the net effect of the mechanisms on the
productivity gaps identified in Section 3 above.

The methodology that will be used in this section is based on a theoretical
framework in which scale economies play no role. An important debate in the “new
growth” literature is about the role of technology in scale effects. The early
endogenous growth models in, e.g., Romer (1986, 1990) or Grossman and
Helpman (1991) lead to the conclusion that an increase in the knowledge stock of a
country (in whichever way we may measure this) will lead to an increase in the
growth rate. This represents a mechanism of strong scale economies, in which,
ceteris paribus, large countries are at an advantage. Jones (1995) argues that the
empirical data do not support such strong effects of scale economies related to
knowledge and R&D stocks. Instead, Jones (1995) proposes a model in which the
growth rate of an economy depends on the growth rate of population, i.e., the
growth of (human) resources that can be put into the development of new
knowledge (so called semi-endogenous growth).

Although the so called Jones-Critique of strong scale effects has led to a debate
in which the possibility of some form of scale economies related to knowledge and
R&D has not been ruled out, we proceed here to implement a model that is rooted
in an earlier empirical approach (e.g., Griliches, 1979) in which the level of total
factor productivity depends on the level of the knowledge stock, and the rate of
growth of total factor productivity thus depends on the growth of a knowledge (or
R&D capital) stock. The reason for adopting this relatively conservative approach
is that this model can still be considered as the main theoretical workhorse for the
empirical work in this area. Moreover, since an important part of our calculations
will take the form of extrapolating on the basis of increased R&D stocks in Europe,
a model incorporating scale effects that have not been empirically verified over a
large range of the relevant variables may be too optimistic in assessing the
increased productivity effects.

For the calculation of productivity effects we use the concept of ‘direct and
indirect’” R&D from the spillovers literature. We take the same sectors as above,
and focus on business R&D only. The method we employ will be to add one-third
to the R&D stocks of European sectors. The 3% Barcelona R&D intensity target
actually implies a somewhat larger multiplication factor, but in light of the above
discussion, we feel that this is a too ambitious target.'' This implies that current
R&D levels in Europe increase by (roughly) 33% (taking GDP as given, something
we will do for all analysis in this section). We assume that the distribution of R&D
over private and non-private sources does not change, i.e., that the one-third
increase applies to both types of R&D.

We take 1997 as the reference year (this is the most recent year for which
disaggregated R&D stocks can be calculated for the countries in our sample).

" The calculated effects are linear in the growth rates.
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Because our R&D stocks are simply summations over time (taking into account
also knowledge depreciation), a once-and-for-all multiplication of R&D investment
by 1.33 also implies a multiplication of the R&D stocks by 1.33. We therefore
perform a simulation in which all European R&D stocks are multiplied by 1.33 and
compare the total factor productivity levels implied by this to the levels implied by
the actual 1997 R&D stocks.

From the ‘direct” R&D stocks, we calculate domestically and internationally
acquired ‘indirect’ R&D stocks (see appendix for mathematical details). For the
construction of these we rely on a weighting scheme developed by Verspagen
(1997a). This scheme uses patent statistics, and is based on co-classification of
patents in terms of their technological class. When a patent is classified in more
than a single technology class, and these classes ‘belong to’ different industries,
this is taken as a spillover from one sector (where the main technology class of the
patent is) to another sector (where the supplementary technology class of the patent
is). In this way, a matrix can be set up that gives the share of all patents generated
in a sector that spillover to all other sectors. In Verspagen (1997b) these weights
were used to construct domestic and foreign indirect R&D stocks, and the results
were applied to an estimation of the impact of R&D and R&D spillovers on total
factor productivity. We use the elasticities obtained in Verspagen (1997b), and
documented in table 3, in the simulation exercises in this section. In addition to
these ‘technology weights’, domestic indirect R&D is weighted by the share of
domestic producers on the market; ‘imported’ R&D is weighed by the share of
foreign producers (broken down at the country level). TFP growth is simply given
as the sum of the three components (own sector R&D, domestic indirect R&D from
other sectors, foreign indirect R&D), weighted by their output elasticities.

Table 2: Empirical Coefficients (Output Elasticities) used in the Simulations

Domestic Foreign

OWnR&D . ot R&D indirect R&D

High-tech (Radio, TV & communication equipment; office

& computing machinery; professional goods; aircraft) 0.177 0.025 0.061
Medlum-t‘ech (Indt}strlal chemlcals, drugs & medicines; 0078 0022 0.032
non-clectrical machinery; electrical apparatus)

Low-tech (Food, beverages & tobacco; textiles, apparel &

leather; wood products & furniture; paper, paper products

& printing; petroleum & coal products; rubber & plastic 0,084 0.040 0.045

products; non-metallic mineral products; iron & steel, non-
ferrous metals; metal products; shipbuilding & repairing;
motor vehicles; other transport; other manufacturing)
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Table 3 documents the productivity effects in the four European countries and
the U.S.A. for the various simulation experiments. Our first experiment, described
above, is to multiply all European R&D stocks by 1.33, the value associated with
the Barcelona target. This corresponds to an ‘untargeted’ or uniform R&D impulse,
i.e., one in which all sectors increase R&D expenditures by the same proportional
rate. The effect of this is to raise total factor productivity levels in Europe across
the 21 sectors of our analysis by an average of 4.4%, with a relatively narrow
variation (standard deviation equal to 1.0%-points) over the sectors. The U.S.A.
also benefits from this European R&D policy, and realizes a projected 0.6%
increase in total factor productivity levels (with a standard deviation equal to half
this value). Thus, both European and U.S.A. levels of productivity may be
expected to rise across the board of manufacturing sectors as a result of the
Barcelona targets, if and when successfully achieved.

30 @ONB WORKSHOPS NO. 2/2004



EUROPEAN PRODUCTIVITY GAPS

Table 3: Average Growth Rates over Sectors of Total Factor Productivity in
Simulation Experiments (Standard Deviations between Brackets)

Growth of productivity relative to base case (1997 real

data)
Description of EU-4 U.S.A. Ratio
simulation experiment increase EU to
U.S.A.
Uniform R&D impulse 4.4% (1.0%) 0.6% (0.3%) 7.3
in EU
Targeted high-tech R&D 8.0% (12.5%) 1.5% (1.9%) 53
impulse in EU
Targeted medium-tech 8.9% (4.1%) 2.5% (1.1%) 3.6
R&D impulse in EU

Targeted low-tech R&D 13.3% (11.6%) 0.4% (0.6%) 333
impulse in EU

The result is, obviously, a reduction in European technology gaps. This is
documented in chart 3, which gives the kernel density estimations for the first
simulation experiment and the real data for 1997. The latter is taken from chart 1
(last year), but is now reproduced in a 2-dimensional format. The evenness of the
impact of increased R&D across sectors is evident from the almost parallel shift of
the density curve. The peak (modal value) of the distribution shifts to the right, and
is now found at a value of 0.95, i.e., where European productivity lags behind US
productivity 5%-points. 41% of the total density is now found in the domain where
European productivity leads over U.S.A. productivity (to the right of 1 on the
horizontal axis). Although this is a clear improvement of the European situation, it
does not represent a very clear take-over of the U.S.A. by Europe. In other words,
although the increased R&D levels as a result of the Barcelona targets are
beneficial for European industry, they do not seem to lead to the targeted European
productivity leadership.
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Chart 3: Kernel Density Estimates for real Productivity Gaps (1997) and
Simulated Gaps (a European R&D Impulse Uniformly distributed over
Sectors)
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In order to compare the impact of the different sectoral R&D stocks on the
distribution of European productivity gaps, we also document the results of some
other thought-experiments, in which only a number of sectoral R&D stocks are
varied at the same time. In these experiments, we employ the commonly used
distinction between high-tech, medium-tech and low-tech sectors. This
classification is based on average R&D intensity across the OECD countries, and is
documented in Table 2 in the specific way in which it was used here. Note that
because our level of disaggregation of sectors does not completely correspond to
the usual scheme, we had to change some of the usual definitions. The most
notable of these changes is that we merge pharmaceuticals (normally considered as
a high-tech sector) with chemicals (normally considered as a medium-tech sector),
and treat the resulting sector as a medium-tech sector.

In the sectoral experiments, we employ a broad reasoning that corresponds to
“putting all money on one card”. This means that we still start from a one-third
increase in total R&D efforts (stocks), but now put these additional expenditures
into a single of the three broad sectoral classifications (low-, medium or high-tech).
In order to find the multiplication factor of R&D stocks that corresponds to this, we
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use the following formula:

R

M t+1 RH e+l

L,t+1 + RM,[+1 + RH,[+1 — o + O-M, +

RL,t + RM,t + RH,t RL,t ’ RM,t ’ RH,t

c,, =133,

where R represents R&D stocks, the subscripts H, M and L indicate high-tech,
medium-tech and low-tech, respectively, the subscripts ¢ and #+1 indicate before
and after experiment periods, and o indicates a share in total R&D. A ‘focused’
R&D impulse is calculated using this formula, by setting the ratio R;.+,/R;, to 1
(i.e., no change) for the two sectoral classes on which the R&D impulse is not
focused, and then solving for the same ratio for the sectoral class on which the
R&D is focused. For example, in case of an R&D impulse focused on low-tech,
this yields

Ria 033,
RL,[ O-L,t

This shows that we can calculate the ratio at which R&D stocks in the focused
sectoral class must be increased as a function of the targeted overall increase (one
third, or 0.33) and the share of the sectoral class in total R&D stocks. For sectoral
classes that represent a small (large) share in total stocks, a large (small)
proportionate increase is necessary to accommodate the increase of total R&D by
one third.

Chart 4 and 5 document the sectoral distribution of total R&D stocks for the
broad aggregates used in the experiments. Obviously, the low-tech R&D stocks
make up the smallest part of total R&D stocks in both the EU-4 and the U.S.A.,
accounting for approximately 10% at the end of the period. In the U.S.A., the
medium-tech sectors are somewhat smaller than in Europe, and the reverse holds
(by implication) for the high-tech sectors. We use the EU-4 shares in 1997 to
calculate the implied multiplication factors for the high-, medium and low-tech
sectors according to the above formula. This yields a factor of 5.0, 3.5 and 11.4,
respectively. It must be noted that these factors are quite high, especially so for
low-tech sectors, and hence it is not very realistic to assume that such a focused
R&D strategy could ever be actually implemented. The calculations using these
multiplication factors are, however, intended to illustrate the differences in sectoral
impact, rather than to make actual predictions of what could happen.

Table 3 shows that the largest productivity effects of increased R&D are to be
expected from the medium-tech sectors. For the focused low-tech R&D impulse,
an average 13.3% total factor productivity increase in Europe is found, while this
value is almost 0.4% in the U.S.A. (as a result of increased European R&D).
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Moreover, the effects of increasing high-tech R&D are highly variable over
sectors, as indicated by the fact that standard deviation is larger than the mean (this
is less so the case for medium- and low-tech sectors). The ratio of the increase of
productivity in Europe and the U.S.A. is highest for the focused low-tech impulse,
indicating that in this sectoral class, increased European R&D efforts are
‘appropriated’ to the largest extent.

Chart 4: Percentual Distribution of R&D Stocks in High-, Medium- and
Low-Tech Sectors
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Chart 6 shows the effects in terms of the distribution of total factor productivity
gaps over sectors for the focused high-tech impulse. The latter is compared against
two different baseline cases, i.e., the kernel density estimate of the productivity
gaps resulting in the first experiment (uniform R&D impulse), and the empirical
observation for 1997. While the uniform R&D impulse shifts the kernel estimate
almost in a parallel fashion, this is much less the case for the focused high-tech
R&D impulse. For the focused high-tech R&D impulse, the peak of the distribution
actually shifts slightly to the left, to a value of 0.85 (15% European productivity
backlog). 42% of the total density lies to the right of the value 1 in case of the
focused high-tech R&D impulse, indicating that, overall, there is a rightward shift
of the distribution (the value is 36% for the empirically observed distribution). But
what is most striking in the case of the focused high-tech impulse is that a small
number of sectors on the right hand side of the distribution benefits most. This
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‘leading edge’ of European sectors gains relatively much as a result of a targeted
high-tech impulse.

The focused medium-tech impulse is displayed in chart 7. Here we note a shift
of the kernel density that is almost equal to the case of a uniform R&D impulse,
and almost exactly parallel to the empirically observed density. The peak of the
distribution stays, however, at a value of 0.9 (10% productivity back log for
Europe), which is also the empirically observed peak. In this case, 44% of the total
density lies to the right of 1 (European productivity lead).

Chart 5: Percentual Distribution of R&D Stocks in High-, Medium- and
Low-tech Sectors, EU-4
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Chart 6: Kernel Density Estimates for Simulated Productivity Gaps (a
European R&D Impulse Focused on High-Tech Sectors
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Finally, chart 8 displays the result of a focused low-tech R&D impulse. In
comparison to the two earlier focused R&D impulses (high-tech and medium-tech),
the effects are more dramatic for low-tech. We observe a relatively strong shift of
the part of the distribution that is immediately to the right of the peak, while the
peak itself (by implication, because the total density is constant) shifts downwardly
relatively much. Also the ‘leading edge’ European sectors (to the far right) shift
relatively much as a result of the focused low-tech R&D impulse. The fraction of
the density that lies to the right of the value 1 is 51% in case of the focused low-
tech impulse, and the peak of the distribution occurs at 0.95 (5% European
productivity backlog).

Summarizing, it seems indeed to be the case that R&D policies aimed at
different sectors may have different effects in terms of the distribution of
productivity effects over sectors. Perhaps surprisingly, the most dramatic effects
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are associated to R&D in low-tech, while medium-tech sectors have the most
evenly distributed impact.

Chart 7: Kernel Density Estimates for Simulated Productivity Gaps (a
European R&D Impulse focused on Medium-Tech Sectors)
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Chart 8: Kernel Density Estimates for Simulated Productivity Gaps (a
European R&D Impulse Focused on Low-Tech Sectors)
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6. Discussion and Conclusions

In this paper we have documented European total factor productivity gaps relative
to the U.S.A. Although our method of calculating productivity levels in these
countries is imperfect, it was shown that Europe indeed lags behind somewhat to
the U.S.A. in terms of total factor productivity in many manufacturing industries.
We discussed the European ambition, expressed at the Lisbon Summit, to become
‘the most competitive and dynamic economy in the world’. For reason of the
relationship between R&D and productivity, we were especially interested in the
targets set in Barcelona for European R&D intensity. In an analysis of current
R&D trends, it was concluded that these targets are indeed ambitious, implying an
increase of European R&D intensity by one third.

We then proceeded to apply a simple simulation method, based on the empirical
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literature on R&D and productivity, to estimate the impact of the Barcelona targets,
assuming they can successfully be implemented, on the productivity gaps in
manufacturing industry between Europe and the U.S.A.. Our model makes many
simplifying assumptions, but its main virtue is that it does take into account the
indirect impact of R&D, in terms of spillovers, in other sectors and countries than
where the R&D effort is originally made. Thus, it was shown that also the U.S.A.
may expect to benefit from increased European R&D, although at relatively low
rates. The net effect on European productivity gaps is expected to be positive from
the European perspective, i.e., will lead to a catch-up of total factor productivity
levels relative to the U.S.A..

However, the results also indicate that the expected effects are relatively small
compared to the size of existing productivity gaps facing European industries.
According to our estimates, which are to be looked as a rough indication of orders
of magnitude, achievement of the Barcelona targets in a purely quantitative sense
(i.e., ceteris paribus raising R&D intensity to 3% of GDP) will not put the
European economy clearly in the lead in terms of productivity relatively to the
U.S.A.. According to our simulations, a focused R&D impulse in low-tech
industries can be expected to have the strongest effect, but it is unrealistic to
assume that these sectors alone can achieve the Barcelona R&D target.

These results imply that, according to the estimations of our model, a policy
solely aimed at increasing R&D expenditures, without paying any attention to the
broad institutional context in which innovation and technological development take
place, is not likely to succeed. Raising R&D expenditures may be one part of the
story behind the European backlog, but factors such as absorptive capacity,
interaction between researchers in public and private organizations, finding the
right level of intellectual property rights protection, etc., may be just as important
in achieving the Lisbon ambition. Our model does not have to say much on these
factors (which can be argued to represent changes in the R&D elasticities that our
models takes as given), but it does point out that more research on these issues may
be useful, and that the story of regaining European technological and economic
leadership may be a more complicated one that the Lisbon and Barcelona summits
want us to believe.
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Appendix — Data, Methods and Variables

The analysis draws on the OECD STAN, ANBERD and BITRA databases,
merging their ISIC-Rev.2 and ISIC-Rev.3 versions for a longitudinal dataset,
covering 21 industries in 7 countries for the period of 1973-1997 (table 1). These
sectoral data are used to calculate both domestic and ‘international’, i.e. imported
R&D stocks. To derive constant price series in U.S. dollars, implicit deflators from
STAN and PPPs from the Penn World Tables were employed. The countries
covered include the EU member states of France, Germany, Italy and the United
Kingdom, as well as the United States. Japan is included as a country from/to
which spillovers flow, but this country is not included in the productivity
comparisons.

Following Verspagen (1997b) we start from an augmented Cobb-Douglas
production function

Y, = A4,K: L) RDLIRD, IRF, (1.1

it i it it

where Y represents production, A the usual scale variable, and K and L capital and
labour inputs respectively. RD is ‘own’, i.e. direct R&D, IRD is domestic indirect
R&D, IRF is ‘foreign’, i.e. indirectly imported R&D. ¢, B, p, o, ¢ are the relevant
output elasticities. The indices i, j and ¢ refer to country, sector and time.
Neglecting indices, total factor productivity can be measured as a function of total
R&D:

TFP=Y/(K“L") (1.2)

or, combining (1.1) and (1.2), in the form of growth rates:

TFP  RD _IRD  IRF
=p—+0 +
7p " RrD " “IRD " IRF

(1.3)

Capital stocks are constructed by applying the perpetual inventory method, that is

K =(1-w)K_ +1, (1.4)
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with 7 being investment in fixed capital, the depreciation rate y set to 0.15 and an
initial capital stock of 5 times /;+; (assuming an initial growth rate of 5 per cent).
The ‘own’ R&D stocks are constructed similarly using R&D expenditures.

For indirect domestic R&D, the sectoral R&D stocks are weighted by
coefficients from a patent citation matrix based on EPO statistics (Verspagen,
1997a). For domestically acquired R&D we set their diagonal elements to zero to
avoid double-counting. Finally, we weight with the share of domestic inputs; that is

j#k (1.5)

i

IRD, =Y @, (1-m,)RD
J

where @y designates the share of sector j in sector k’s citations and m; stands for
the import penetration of the domestic market. For imported R&D we keep the
diagonal elements and aggregate as

IRF, =" @,m;RD, s, (1.6)
hj

using import penetration-weighted input coefficients, and RDy;, the R&D stock of
the export country /4, being weighted by its import share in country i, si;. We take
this variable as a proxy for the degree of interaction between two countries
(Verspagen, 1997b). The simulation uses hypothetical R&D stocks as explained in
the main text and calculates corresponding indirect R&D as in (1.5) and (1.6). To
calculate hypothetical TFP growth the elasticity estimates (as in table 3) by
Verspagen (1997b), who uses a comparable set of OECD countries and sectors,
were employed and fed into (1.3).
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Comment on: Christoph Meister und Bart Verspagen,
“European Productivity Gaps: Is R&D the Solution?”

Michael Peneder

Austrian Institute of Economic Research

Christoph Meister and Bart Verspagen raise the question of whether R&D is the
solution to productivity gaps in European manufacturing sectors relative to the
U.S.A. Here we must be careful, because the correct answer depends on the precise
reading of that question. Literally speaking, their answer is no. It is not the solution
that can do the trick on its own. In a less literal sense, the answer could also be yes.
The lower level of R&D is certainly one important cause for the European backlog
in productivity relative to the U.S.A.. In conclusion, the Barcelona target of raising
R&D levels to 3% of GDP appears both unrealistic and insufficient, but, as the
paper shows, it is not misguided towards an invalid target. There are strong links
between R&D and productivity growth and the general validity of the Barcelona
target is demonstrated. The paper thus underpins the need for structural policies
that are directed at the microeconomic sources of productivity growth,
complementing the traditional focus on macroeconomic stability.

There are several distinctive features of your paper that I fully endorse. One of
its major strengths is the comprehensive coverage of three different links of R&D
to productivity, encompassing not just (i) the direct effects of own sector R&D, but
also (ii) domestic indirect R&D from other sectors, and finally (iii) indirect R&D
from international trade of goods. A second distinctive strength, which originates
in a previous work of Bart Verspagen, is the use of co-classification of patents as
weighting scheme for indirect R&D stocks in your technology flow matrice. I find
that to be a very intriguing approach to capture a horizontal kind of spillovers as
opposed to vertical supplier-relationships.

Another distinctive feature of your simulation model needs more explanation in
order to avoid some confusion about the concept of Total Factor Productivity. In
aggregate studies the standard approach is to adjust labor productivity by increases
in the use of physical capital per worker and the upgrading of human capital so that
TFP is somehow interpreted as a costless increase in output. In contrast, you define
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TFP growth not as a residual, but positively as the sum of the above three R&D
components weighted by their output elasticities. So your estimation follows the
typical specification of the production function in microeconometric studies on the
returns of R&D but additionally takes account of indirect spillover effects. The
advantage is of course that TFP is no longer costless (like manna from heaven) but
results from purposeful investment in R&D (either by oneself or by others).

What remains problematic, however, is to proceed in your analysis as if R&D
were the only source of TFP growth. It is easy to imagine other, non-R&D related
sources of technological progress. One example are smaller, incremental
improvements that are not directly related to a formal R&D process and therefore
not covered by the statistics. Second, and, even more important, investments in
human capital can be expected to affect an economy’s capacity to absorb domestic
as well as international spillovers and thus the TFP growth rate. The upshot is, your
model operates under the assumption that R&D is the only source of TFP growth.
But interestingly, your simulation results show that even when the EU overtakes
the U.S.A. in terms of R&D stocks, it will not be sufficient to close the current TFP
gap.

More generally, I also wonder what the benefits are of your simulation
compared to an outright econometric approach, where one estimates the output
elasticity and then calculates the counterfactuals for the general as well as the
focused rise in R&D expenditures according to the Barcelona target. Furthermore, I
consider that multiplying the level of R&D stocks in low-tech industries by a factor
of 11.4 is no more “illustrative” (as you claim) than it is unrealistic and implausible
(as you admit in the paper). The problem is, that you implicitly assume an extreme
endogeneity of innovation output. But under any realistic assumptions, and
especially for low-tech industries, we must expect exogenous limitations of
technological opportunity and thus of an industry’s propensity to turn additional
R&D into successful innovations (even if we include compensation for spillovers
by the community).

Next, [ want to put forward a few quibbling details: The first one is with respect
to chart 1 — I find the three dimensional chart of Kernel density somehow missing
its purpose. On the one hand it is difficult to read. Three dimensions and the
frequency distribution of a ratio scale is quite confusing. On the other hand, I also
want to know more, e.g. which sectors appear at what ends of the distribution, or
how robust these gaps are over time. Maybe a summary table could provide more
and better accessible information. Another quibbling question is about chart 2, in
which you show slight but persistent difference in the R&D to GDP ratios between
the 4 large EU economies (Germany, France, United Kingdom and Italy) and the
EU total. Might not that be an indication for some scale effects of R&D in the
sense of the “old” new-growth models — implying that large economies (or an
integrated economic area) internalises more spillovers? (Of course, an alternative
explanation might be the large size of the defense sector). I also recall that the
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current slow growth performance in the EU since the second half of the1990s is
frequently attributed to the bad performance of its largest countries (except the
United Kingdom but Germany and Italy in particular) — i.e. those that do more than
average R&D. Finally, with respect to table 2 I must say that I critically missed any
detailed discussion of the empirical coefficients that you use in the simulation.

At this point, I finally want to mention a new study undertaken by the National
Institute in London and the Groningen Growth and Development Center, which
deals precisely with the sources of EU productivity growth,' fitting perfectly to our
focus in this session. Among the many empirical results of that study, I briefly
report the following:

1. Their estimates for the gap of the EU relative to the U.S.A. in
terms of labour productivity per hour worked in the year 2002 is 92%, which is
quite different from the official EUROSTAT estimate of 87% (they say that
this is due to the methodological differences in measuring U.S.A. labor input).
This gap has increased: In 1995 the ratio was 96% and in 2000 it was 94%.

2. The main message of the report is that the growth slowdown of the
EU and the widening productivity gap since the mid 1990s cannot be fully
understood without adopting an industry perspective. To be precise, they say
that the acceleration in US labour productivity growth from the mid 1990s is
heavily concentrated in industries that either produce or intensively use the
new information and communication technologies. The EU has not
experienced the same growth spurt in these sectors and poorer performance is
most apparent in ICT intensive using service sectors. They conclude that the
U.S.A. is now dominant in high technology industries in manufacturing and
intensive ICT users in services, while the experience in both regions is more
similar in the other “non-ICT” industries, which generally experienced
decelerating growth.

' O’Mahony, M., van Ark, B., EU productivity and competitiveness: An industry
perspective. Can Europe resume the catching up process?, European Community,
December, 2003.
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R&D and Productivity

Rachel Griffith
Institute for Fiscal Studies and University College London

Stephen Redding
Centre for Economic Performance and London School of Economics

John Van Reenen
Centre for Economic Performance and London School of Economics

1. Introduction

One of the central policy issues in the United Kingdom over the last ten years has
been how far productivity lags behind levels in leading countries. A widely cited
report by the McKinsey Global Institute found that manufacturing productivity in
the United Kingdom was approximately 60% of that in the United States. Within
the European Union, substantial differences in measured productivity exist across
member countries.

Some of these productivity gaps may reflect measurement issues and lifestyle
choices. For example, productivity per employee may be lower because Europeans
have chosen to work fewer hours, so that labor productivity per hour is closer to, or
in some cases higher than, levels in the United States. Similarly, labor productivity
is a measure of the efficiency of only one factor of production and does not control
for example for the use of physical capital. Employing measures of Total Factor
Productivity (TFP) that, in principle, capture the efficiency of all factors of
production yields somewhat different conclusions.

However productivity is measured, it is clear that there are substantial
productivity gaps from the leading country within many manufacturing industries —
whether this leading country is the United States, Japan or another industrialized
nation. Since productivity is a key determinant of wages and ultimately living
standards, a closing of the productivity gap seems to offer opportunities for welfare
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improvement. Within the United Kingdom, a Performance and Innovation Unit
(PIU) has been established to investigate these issues, identify market failures, and
consider policy options.

It is widely agreed that research & development (R&D) is an important driver
of innovation and productivity growth, and one of the policy options that has
received a lot of attention in the United Kingdom is a tax credit for R&D
expenditures. Thus, in the year 2000, the UK government introduced a tax credit
aimed at Small and Medium Enterprises (SMEs), including a provision for a
eligible companies to deduct 150% of qualifying R&D from their taxable profits
and additional provisions for companies not in profit. If the social returns to R&D
exceed the private returns (as many authors argue), then there may be a case for
some form of policy intervention to increase R&D and hence productivity growth.
Whether this policy intervention should take the form of an R&D tax credit is, of
course, a further issue which remains open to debate.'

This article reports the results of recent research, in which we provide theory
and empirical evidence that much existing research may have underestimated the
rate of return to R&D.> Undertaking R&D may not only result in innovation but
also increases a firm’s ability to understand and assimilate the discoveries of other
firms — an idea referred to in the literature as “absorptive capacity” or the “second
face of R&D”. Every researcher knows a large part of one’s own research time is
spent on finding out what other people 