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This is the eighth edition of the Commission’s
Report on European Competitiveness since the
1994 Industry Council Resolution that established
the basis for the Competitiveness Report. As in
recent editions, competitiveness in this Report is
understood to mean a sustained rise in the stan-
dards of living of a nation and as low a level of
involuntary unemployment possible.

The special theme of this Report concerns the
impact of public policies on economic performance.
Both because of its size and of its involvement in
economic life the public sector exerts an important
influence on economic performance. The first three
Chapters of the Report review the impact of the
public sector on productivity growth, the role of
public sector funding in research and development
and the performance of the health sector, a key
component of the public sector. The following,
Chapter 4, reviews recent developments in the
European automotive sector, a key sector in
Europe’s industrial structure, where government
regulation is significant and where competitiveness
improvements have been realized in recent years.
The final, Chapter 5, discusses the growing integra-
tion of China in the world economy and its implica-
tions for the European economy. These implications
are most pronounced in the case of the new
Member States which are increasingly competing
with Chinese exports.

Productivity Growth
and the Public Sector

Public policies play a key role in shaping competi-
tiveness and growth in an economy. The effects of
public policies on productivity come about both via
productivity growth in the public sector and via the
effects of public policies — taxation, public spending
and regulations — on the private sector. Chapter 1

——

Executive Summary

discusses the effects of public policies on produc-
tivity mainly by means of a literature review.

Public sector activities carry a large weight in the
overall output of an economy: public employment
accounts for between 10 % (Germany) and 30 %
(Sweden) of all jobs in EU-15 Member States.
Labour productivity within the public sector is thus
a major determinant of average labour productivity
at the national level.

Difficulties in the measurement if public sector
output as well as the lack of internationally
harmonised data often inhibit comparisons of
public sector productivity across countries. Available
studies suggest that there is scope for further
improvements in public sector efficiency in the EU,
and that the current public sector output could be
achieved at a significantly smaller cost. There is also
some evidence suggesting that smaller govern-
ments are more efficient, pointing to the existence
of declining marginal products of public spending
beyond a given size of government.

Reforms in the public sector are often a response to
pressures to curb public spending, seek to raise
economic growth or aim at introducing innovations
which are already in use in the private sector, such
as information technology. Chapter 1 identifies
three types of reforms that have been applied by
many EU countries in order to enhance the effi-
ciency in the public sector: (i) management
reforms; (ii) introduction of information technology;
and (iii) privatisation and outsourcing. Empirical
research suggests that privatisation is usually associ-
ated with increased efficiency, profitability and
capital investment spending.

Taxation is necessary in order to finance govern-
ments. Empirical research on the relationship
between the overall tax ratio (total taxes to GDP)

e
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and GDP growth has not yielded conclusive results.
However, there is plenty of empirical evidence on
the distortive effects of specific taxes. High taxes on
labour are found to affect labour market participa-
tion as well the willingness to acquire skills and
human capital. High taxation also acts as a brake on
entrepreneurship, although some authors argue
that the incentive effects may not be very large.
International differences in taxation affect foreign
direct investment flows and may affect productivity
growth in catch-up countries which rely on foreign
investors to acquire new technologies and modern
management methods.

Government spending on areas such as education,
research and development or infrastructure, affects
the production possibilities and costs of private enter-
prises. Government spending is thus a determinant of
competitiveness and affects the location decisions of
international enterprises. Available empirical evidence
suggests that government spending has generally a
positive impact on economic performance; however,
evidence on the net effect of government spending
on the economy remains inconclusive suggesting that
there may be cases where the resources would have
been in a more productive use in the private sector.

Cross-country studies investigating the role of
public capital in explaining productivity growth
differentials provide no clear conclusions: while
many studies find a positive impact, the effect is
often not significant. Recent studies on the impact
of public infrastructures on productivity find either
no significant impact or a small positive impact for
the US, while the estimated impact is higher and
mostly significant for European countries. Moreover,
some studies point to decreasing marginal returns
of public infrastructures, but no such evidence is
found for European countries.

Research has established a link between human
capital and productivity. However, the results are
more ambiguous as to the extent to which govern-
ments should subsidise the educational system. For
both education and research and development
(R&D), the case for government involvement is
often based on the existence of externalities: such
investments have larger benefits to society than an
individual or enterprise can appropriate, thus
leaving private investments at a sub-optimal level.

There is econometric evidence suggesting that
research performed by governments and universi-
ties could have a stronger impact on productivity
growth than business R&D, but by far the largest
productivity effect comes from the absorption of
the results of foreign R&D. The extent to which

——

public research can strengthen productivity growth
depends also on the exploitation of the results in
the business sector. Finally, some studies conclude
that public R&D has to some extent taken the place
of private research rather than adding to it;
however, most available studies do not find such
substitution effects.

Regulations may promote objectives such as social
goals, consumer protection or the quality of envi-
ronment. At the same time, regulations limit the
choices which individuals and enterprises can make;
and compliance with regulations usually involves
costs. The productivity effects of regulations come
as a by-product and are often hard to measure in
quantitative terms.

A significant part of research focuses on the role of
product market regulation, market entry and
competition policies. Regulations which inhibit
competition are found to have a negative effect on
productivity mainly because they slow down the
technological catch-up. On the other hand, regula-
tions adopted at EU level can have the beneficial
effect of creating a level playing field for all partici-
pants in the market. The largest productivity effects
of liberalisation measures have been found in serv-
ices which have traditionally been most heavily
regulated, in particular network industries such as
telecommunications, postal services, electricity, gas,
railways and air transport. The EU, in particular in
comparison to the US, is seen to place a relatively
heavy regulatory burden on enterprises. It has been
suggested that an increase in competition in
product and labour markets to US levels could raise
euro area GDP by even as much as 12 %.

A large number of studies have identified negative
productivity effects linked to environmental regula-
tions. The results are however disputed by others who
argue that adjustment to environmental regulations
can lead enterprises to discover more cost-effective
production methods, with the cost savings offsetting
the initial compliance cost of the regulations. Finally,
sector- or industry-specific regulations may play an
important role in influencing productivity growth in
individual industries, but a closer analysis of their
impacts falls outside the scope of this Report.

European Productivity,
Innovation and Public Sector
R&D

This chapter analyses empirically the influence of
public support of R&D on output and industrial

e
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innovations in the EU. It investigates two sets of
questions: a) whether publicly financed R&D acts as
complement to industry financed R&D and b)
whether R&D performed in the public sector has a
positive impact on growth and on innovation
output as measured by patents or other proxies for
scientific output. Under the first set of questions -
dealing with the relation between publicly- and
industry-financed R&D - the impact of direct R&D
funding in the form of subsidies and of R&D tax
credits on R&D conducted by the business sector is
analysed as is the relationship between R&D
performed in the public sector — both in public
research institutions and in the higher education
sector — and R&D performed in the business sector.

Using industry-level data for EU countries for the
period 1987-1999, estimation results suggest that
government-financed R&D expenditures comple-
ment domestic industry-financed expenditures on
R&D. Furthermore, using economy-wide data for a
panel of OECD/EU countries for the period 1981-
2002, the results suggest that both direct funding
of business R&D and tax incentives for R&D have a
significant and positive impact on business R&D
spending in OECD and EU countries. However, the
majority of the increase in the average R&D inten-
sity cannot be explained by tax credits or direct
funding. Other factors such as the shift to R&D
intensive industries seem to be more important
than direct support for R&D in explaining the
change in the R&D intensity in the business sector
across EU countries. To the extent that reallocation
of production factors towards high-technology
industries is being hampered by lack of flexibility in
product or factor markets, structural reforms aimed
at rendering markets more flexible will play an
important role in increasing the level of business
R&D across the EU. Another result is the importance
of R&D performed in the public sector for produc-
tivity and spillover effects in the private R&D sector.
Expenditures on R&D performed by universities and
public research organisations are significantly posi-
tively related to business enterprise sector expendi-
tures on R&D, indicating that public sector R&D
and private sector R&D are complements. Further-
more, econometric results using data on OECD/EU
countries suggest that expenditures on R&D in the
higher education sector significantly stimulate
growth of GDP per capita. Finally, public sector
R&D spending as a percentage of GDP has a posi-
tive and significant impact on EPO patent applica-
tions per capita, even after private R&D spending
and country specificities have been controlled for.

The effectiveness of public support to R&D and
innovation is also analysed using firm-level data

——

Executive Summary

from the latest Community Innovation Survey (CIS).
Firms from three Member States are studied:
Germany, Finland and Austria. The first country case
study compares the propensity to patent in German
and in Finnish firms and how this propensity
depends on receiving government support and on
participation in innovation cooperation. The second
country case estimates the effect of government
funding for innovation on R&D and on the share of
innovative sales among Austrian firms.

Both studies conclude that the public sector has an
important role to play in innovation by giving finan-
cial support and/or by stimulating R&D coopera-
tion. The largest impact is achieved when collabora-
tion among firms and public funding are present
simultaneously. In Germany, public funding has no
additional impact once firms cooperate already, but
it does have an impact in Finland. In Austria, central
government support increases the companies’ share
in total sales of both products new to the firm and
of products new to the market. The relevance of
collaboration in fostering innovative performance
reflects the importance of the interconnections
between public and private agents in driving inno-
vation. It is precisely in this area that the EU tends
to score low relative to the US where public and
higher education research institutions have devel-
oped a far more effective system of linkages with
the world of innovation.

These results have some implications for public
policy. Given the significant and positive impact of
tax incentives on R&D spending, increasing the
generosity of R&D subsidies may become instru-
mental in increasing business R&D to levels closer
to those of other main world leaders in this area.
This is likely to be particularly true for countries with
little or no tax-based support schemes (e.g. the new
EU Member States and some large EU countries,
notably Germany and lItaly for large firms). Firm-
level results suggest that collaboration in R&D activ-
ities accelerate technological diffusion via patents.
Policies should improve the collaboration of public
research organisations with firms and foster tech-
nology transfer through funding and specific
programs. There is also a need to improve the infra-
structure for commercialisation of research findings
such as technology transfer offices and providers of
risk capital.

The analysis also suggests that governments should
provide appropriate funding for R&D conducted by
public institutions, in particular research and devel-
opment in the higher education sector. The role of
higher education research in fostering R&D output
and economic growth reinforces the need to inte-

e
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grate education policy reforms in the EU efforts to
foster research and innovation throughout the
economy. Government research institutions should
demonstrate the relevance of their work by making
more evident their contribution to economic
performance. However, the decline in funding for
government research organisations in the EU
implies that restructuring will have to be accom-
plished through reallocation of existing resources.
This creates increasing pressure on public sector
organisations to engage in the systematic evalua-
tion of their programs and, clearly, such evaluation
should include researchers and programs as well as
institutions.

Performance
in the EU Health Sector

Governments intervene both directly through the
provision of funding and indirectly through regula-
tion, in the health sector. Moreover, policies must
balance efficiency concerns with equity a conflict
that can have serious implications for the health
sector’s performance. Chapter 3 discusses issues
related to the performance of the EU health sector.

The health sector accounts for a significant share in
national income and has potentially important
implications for the economy’s competitiveness.
These implications relate not just to the health
sector’s contribution to the well-being of the citi-
zens but also to its more direct contribution to
measured national productivity. An inefficient health
sector using resources wastefully can be a serious
burden to the public sector and to an economy.
The performance of the health sector has implica-
tions for labour mobility and labour market flexi-
bility as, for example, in occupational insurance
schemes.

In general, the health sector is characterized by a
number of market imperfections, including moral
hazard, adverse selection and the presence of exter-
nalities. The literature on health economics empha-
sises the unique nature of this sector so that, unlike
other service industries, it is necessary to analyse its
performance in a wider than otherwise contextual
framework. Its unique features range from its histor-
ical development, with its original concentration on
equity rather than efficiency goals, to a high degree
of government intervention and regulation and to
the important role played by technological change
in determining both expenditure developments and
input use. Information asymmetries make it difficult
to distinguish between activities and outputs,
whereas final outcomes are highly influenced by

——

extraneous influences such as lifestyle. Thus,
performance is difficult to measure as is drawing
conclusions about the relative efficiency of systems
of health services provision and their impact on
competitiveness.

There are considerable differences in the structure
of the health care system in the EU. Current health
care systems are characterized by diversity in both
the funding and delivery of health care. Efficiency
and equity considerations, but also in order to
promote productivity growth, have led recently
many Member States to embark upon reforms of
their systems of health care provision. Although
rapid advances in technology have been responsible
for much of the increase in health expenditure, this
must be weighed against the considerable benefits
that they produce in terms of improvements in
health outcomes.

Both aggregate and micro studies reveal some weak
evidence linking increased expenditure on health
care to better outcomes, with the evidence some-
what stronger in the case of microeconomic studies.
There is mixed evidence on the relationship
between health expenditure and outcomes based
on macro aggregate indicators. Health sector
productivity may well be affected by changes to the
system of health care provision, with supply-side
incentives influencing the use of treatments and
technology diffusion. However, it is important to
note that much of the observed improvements in
health outcomes appear not to be a result of the
health care system itself but other outside factors
which exert a much greater influence. The evidence
to date, even from microeconomic studies, reveals a
considerable diversity across countries in outcomes,
resource use and adoption of technological
changes. Thus, it is difficult to draw concrete
conclusions. Demand-side incentives, such as cost-
sharing, may also influence health system efficiency,
although there is little by way of concrete evidence
on the impact of such policies.

Currently many EU countries are engaged in a
process of reform with emphasis on efficiency objec-
tives. Despite the paucity of evidence at the country
level, there is general agreement that the rise in
expenditures in health care provision world-wide
requires more consideration of efficiency than has
hitherto been the case. But the pace of reform will be
determined by the historical evolution of systems of
provision and preferences regarding equity. It is
unlikely that there are easy solutions to these issues.
In private market services, for example, a commonly
employed argument is that less competition and
excess regulation in the EU may hinder productivity
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growth. To date there is little hard evidence to
support this thesis but proponents at least can point
to considerably higher productivity in the past
decade in the US, probably the most competitive and
least regulated industrial economy. In the health care
sector, in contrast, the US experience is not
supportive of unfettered competition and deregula-
tion. Although there is a general recognition that
providing greater incentives may enhance efficiency,
there are few academics and certainly fewer policy
makers who would advocate that EU economies
should imitate the US system of health provision. In
particular when equity considerations are given a
significant weight the weaknesses of the US health
care sector become more apparent.

On the input side, there appears to be some scope for
better use of resources, in particular labour. Thus
oversupply of physicians in some EU countries coin-
cide with shortages in others and in many there is
also scope to improve the mix between general and
specialist physicians and nurses. Better and more co-
ordinated training programs may be a policy change
that is worth exploring. Expenditure on pharmaceu-
ticals has been rising and therefore subject to
numerous cost containment reforms. At the same
time, pharmaceuticals contribute enormously to
improvements in health outcomes. A balance there-
fore ought to be achieved between cost containment
and ensuring sufficient incentives for continued inno-
vation. However, far less systematic evidence is avail-
able to compare the role of capital across countries,
in both quantity and quality terms.

Organisational changes play an important role in
economic performance. Recent literature suggests
that productivity improvements can arise from the
use of organizational capital complementing other
investments in traditional capital and in ICT. Many
organizational changes in the health sector reflect
reforms by which Member States seek to find the
appropriate mix of decentralisation and centralisa-
tion in delivery matching individual choice with effi-
ciency. The extent of patient choice varies among EU
countries. Many have chosen to increase choice in
order to improve health outcomes, as well as the
quality of care and patient satisfaction. However, the
literature suggests that the success of such reforms is
dependent on the information available to individ-
uals. Improving the efficiency of the health sector,
securing benefits from advanced technology at
reasonable cost and ensuring equity are major chal-
lenges facing the EU.

Reforms of the health sector are likely to improve the
efficiency of the public sector and to ultimately
contribute to the productivity performance of the
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Member States. A principal challenge facing the EU
in coming years concerns a reconciliation of real-
ising efficiency improvements, securing benefits
from advanced technology at reasonable cost and
ensuring fair access to quality health services for all
citizens.

The European Automotive
Sector

This chapter presents a broad picture of the European
automotive industry and seeks to determine how
competitive it is internationally and which are the
sources of its competitiveness. Competitiveness is
defined as the ability of an industrial sector to defend
and/or gain market share in open, international
markets by relying on price and/or quality of goods.
This ability is affected by a wide range of factors,
including framework conditions ranging from
production costs to technological and organisational
innovation, from the regulatory framework to macro-
economic conditions. Given this variety, drawing a
definitive conclusion about the future of the sector is
not possible. Instead, a systematic analysis of
strengths, weaknesses, opportunities and threats
(SWOT) draws together the possible implications of
the various elements identified in the Report as rele-
vant to the competitiveness of the industry.

The automotive industry is one of Europe’s major
industries. It contributes about 6 % to total Euro-
pean manufacturing employment and 7 % to total
manufacturing output. Almost 20 % of all R&D in
manufacturing is undertaken by car manufacturers.
The importance of the automotive industry derives
to a large degree from linkages within the domestic
and international economy. There is evidence for
upstream inputs of about up to two times the
volume of value added that the industry produces.

The EU automotive industry is highly concentrated,
with Germany alone accounting for close to half of
total value added. Besides Sweden, Germany and
France, a specialisation in auto manufacturing is
clear in the Czech Republic, Slovakia and Hungary.

The EU automotive industry has been able to main-
tain its international position both in terms of
exports (where its share has increased considerably)
and in terms of global sales, i.e. worldwide sales,
including the home market, exports and sales to
foreign markets through subsidiaries. This could
only be done by establishing and maintaining a
substantial presence in foreign markets through
which European companies can gather customer
feedback and market information.
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A large and sophisticated home market, in which
European brands dominate, constitutes a first and
decisive competitive advantage for the European
automotive industry. This market presents a wide
variety of consumer demands; it permits the early
commercialisation of innovations as well as strate-
gies of product differentiation. However, this market
is to a large extent mature, most sales are for
replacement of existing cars. Therefore, perspec-
tives for further growth are rather limited.

The EU automotive industry still lags behind the US
and Japan in terms of productivity. The catching-up
process of the EU automotive industry has slowed
down in the last decade despite steep increases in
some Member States. Another increasingly serious
problem is the level of labour costs in some
Member States. Relatively high labour costs and
their negative impact on price competitiveness are a
special threat in light of structural overcapacity in
the global automotive industry.

Enlargement has been a very important development
to the European automotive industry. First, the new
Member States are developing a very dynamic manu-
facturing cluster with high output and export poten-
tial. Second, investment there reinforces the Euro-
pean value chain by adding to it lower cost locations
and permitting more options in combining existing
components and intermediary parts. Third, the Euro-
pean home market is extended too to include a high-
growth potential customer base which displays a
variety of preferences in comparison to the EU-15
Member States. On the other hand, increased
capacity in the new Member States - be it from Euro-
pean or overseas owned plants - will exacerbate
competition and price pressures for existing locations.

The combination of mass production with the
complexity of specific goods such as cars and other
transport equipment makes the risks of failure related
to radical innovations very high. Therefore, processes
and products are developed incrementally. In-house
R&D activities and product engineering are the main
sources of technical progress. Additionally, the work
of specialised suppliers — sometimes research facilities
— is integrated into the value chain.

EU firms have increased their investments in new
products, new processes and new technologies
considerably in the 1990s. Compared to the US and
Japan, the EU has improved its position in terms of
R&D investment. The technological competitiveness
of the European automotive industry rests not only
on the presence of leading car makers but also on
widespread innovation activities within the supplier
part of the industry.

——

The impact of a new regulation on the automotive
industry is complex. It can vary with the time
horizon and introduce dynamic effects that are diffi-
cult to assess accurately. Measures like new pollu-
tion standards can have a negative effect on the
performance and cost structure of carmakers, chal-
lenging the competitive strength of the industry. At
the same time, dealing with the measures can be
the first step towards new markets and achieving
technology or quality leadership.

World-wide demands to make vehicles safer and more
environment-friendly will continue. These demands
will drive research and innovation; it is of crucial
importance to identify and implement innovative
technical solutions that will become global, thus
giving European industry a first mover advantage.

The key technological problem facing the automo-
bile industry today is the complexity of demands
emanating from society. The need to address
several issues at the same time can make the devel-
opment of technical solutions more demanding as
the underlying physical and technical characteristics
can give rise to trade-offs.

On the other hand, measures that manage to reduce
the wide differences in tax systems should have a
positive impact on the ability of the car industry - and
European consumers - to reap the benefits of oper-
ating within a Single Market. Car market fragmenta-
tion prevents industry from exploiting economies of
scale, or to produce motor vehicles for the entire
Internal Market, applying the same specifications and
contributes to significant variations of pre-tax prices
within the internal market.

Clearly, the competitiveness of the automotive
industry depends on a coherent and cost-effective
regulatory framework. To achieve this, the Commis-
sion is using increasingly the tools of ‘Better regula-
tion’ such as Impact Assessment techniques. Progress
is still to be made, however, in reducing regulatory
complexity and in designing regulations so as to
meet their goals while taking into account possible
conflicts between regulations, their cumulative
impact and their external aspects. These concerns are
of particular importance to the automobile industry.

The Challenge to the EU
by a Rising Chinese Economy

China’s economic transformation during the last 25
years has been dramatic. Industry has been growing
at an annual rate of 10.9 % between 1979 and
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2002 while GDP by an annual average of 9.0 %
during the same period. These economic trends
were triggered off primarily by the reforms intro-
duced by Deng Xiaoping in 1978. Since then,
China has moved from isolation to a gradual inte-
gration in the world economy.

In recent years China has emerged as an important
supplier of goods in international trade following a
path which will undoubtedly lead it to greater
prominence. China is competing with other nations
on the basis of labour abundance but also on the
basis of goods embodying skills and technology.
Chinese exports to the EU include technology-
intensive and knowledge-based products as well as
capital intensive manufactured products and labour
intensive manufactured products. The vast, inex-
pensive work force, combined with the develop-
ment of a knowledge economy provides an excel-
lent basis for the establishment of offshore centres
for the manufacture of a broad range of products
and services. Western direct investment intended
primarily to serve a large and expanding domestic
market but also to supply products internationally,
has led to concerns that jobs in the industrial world
but also in other nations competing with China are
being delocalized and lost. Thus, the opening up of
China poses an important competitiveness chal-
lenge to the advanced industrial nations including
the EU. Among those most vulnerable to this
competitiveness challenge are the new Member
States.

Competition from lower-wage locations is nothing
new for EU industries which have been adapting to
a changing world trade environment, exploiting
‘soft factors’ such as time, customisation, service
and reliability to improve productivity and make up
for labour costs disadvantages. But although the
challenge of China may not be entirely unfamiliar,
the combination of low labour costs and rapidly
developing high technical and research capacities is
less familiar. For EU firms to remain profitable and
compete in segments of the value chain, it is neces-
sary to continue exploiting advantages other than
labour costs. It is necessary to maintain the produc-
tivity advantage by opening up to new areas and
products. Concentrating on products in which old
comparative advantage was held is not sustainable.
But creating high value added jobs requires a
dynamic framework where innovation can spur
productivity and job growth. This will require,
among others, to strengthen R&D efforts and stim-
ulate innovation as well as exploit advantages in
organization, coordination, marketing, logistics, etc.
Currently, institutional conditions for implementing
innovations are better in the EU-15, and also in the
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new Member States, compared to China. Yet, the
emergence of China will inevitably lead to a change
in the international division of labour and the place
of the EU in it.

The greatest challenge of the emergence of China
as a prominent trading partner concerns the new
Member States. The new Member States and the
candidate countries have so far offered more attrac-
tive nearshore centres and have provided opportu-
nities for specialization across segments of the value
chain, reflecting their integration into the European
economy since the early 1990s. The metal indus-
tries in particular have entered in a mutually benefi-
cial division of labour between the EU-15 and new
Member States. Despite the promise that enlarge-
ment offers for the division of labour and the loca-
tion of production across the wider Europe, it is not
certain that these will be adequate to respond effec-
tively to China’s challenge. Chinese exports to the
new Member States have been growing at rates
much higher than to the EU-15 for all of the indus-
tries reviewed in the Report - total exports to new
Member States have also grown at a higher rate —
reflecting the fact that their integration into the
global division of labour has progressed significantly
since the mid-1990s. Some employment losses have
also occurred from relocation of activities to China,
notably in the Hungarian electronics industry, indi-
cating that even manufacturing of high-tech, imita-
tion-based, products has been challenged by
China’s low-cost locations.

China’s emergence as a supplier of high-tech prod-
ucts is a reflection of a more general concept under-
taken to upgrade the Chinese economy through a
clear industrial policy the basis of which is to trans-
form knowledge into economic success for
domestic companies. The transition to a market
economy has been accompanied by a regulatory
system and administrative guidance to ensure the
development of internationally viable national
companies with the potential to compete with the
top global players in their markets. Chinese compa-
nies are already playing a crucial role as original
equipment manufacturers (OEM) for the world’s
leading brands and retail labels. However, the
greatest challenge to established Western multina-
tionals and brand owners will ultimately arise from
Chinese brand name producers whose growth
established patterns of international trade have so
far concealed. Europe’s advanced industrial
economies — France, Germany, Italy, and the UK -
will likely be those to experience most notably this
challenge especially as Chinese brands become
entrenched in European markets and outbound
Chinese foreign direct investment rises. In this

e

15



02_2004_0531_testo EN 12-01-2005 14:16 Pagina 16

European competitiveness report 2004

16

context, European corporations will see a decline in
their competitive edge in new global economic
structures.

The opening up of China provides many opportuni-
ties for European companies and certainly more
than those which emerged with the integration of
Japan or Korea into the world economy. China has
already dismantled many of the barriers to market
access during to process of market reforms and with
China’s access to the WTO new steps towards
market opening will be undertaken. China has
clearly a fundamental interest in developing frame-
work conditions that are supportive of strength-
ening inward foreign direct investment.

Clearly, the Chinese market offers strong long-term
growth opportunities especially for those industries
that are dominated by global multinationals.
Foreign enterprises are establishing themselves in
China to take advantage of growth opportunities
and the prospects for rising real incomes. All the
international brands of the automotive industry and
OEM manufacturers have established local produc-
tion facilities and are in strong competition with
each other to sustain and improve market shares.
Indigenous Chinese enterprises are virtually absent

——

from these markets and play no independent role.
Success in this market will not only contribute to
raising economic growth but will also make possible
the exploitation of economies of scale that will
confer a strategic advantage to large players to
protect their position against their competitors.
Similar remarks apply to the chemical industry and
also other industries characterized by large-batch
production or the processing of commodities;
production facilities in China will be necessary in
order to protect market shares against competitors
and to sustain their competitive edge.

Some years ago concerns that Japan would become
an economic superpower to sweep away older
industrial economies simply did not materialize. In
retrospect, Japan’s rise and integration in the world
economy contributed, through the exchange of
goods and services and through international
capital flows, not only to economic growth in the
developing world but also to enriching consumers
and producers in the industrial economies. China
offers similar possibilities today. Europe should
design a strategy based on strengthening its
productivity, innovation and competitiveness to
meet China’s challenge and take advantage of the
emerging growth opportunities.
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This is the eighth edition of the Commission’s
European Competitiveness Report since the 1994
Industry Council Resolution that established its
basis. 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 unem-
ployment as possible.

Recent Competitiveness Reports have reviewed
the diverging growth patterns within Europe and
between Europe and the United States. In the
1990s, the EU and OECD countries have seen
widening disparities in output and productivity
growth. Economic growth patterns in the second
half of the 1990s have diverged from earlier
trends in both Europe and the United States. In
the period since the World War Il, Europe regis-
tered higher productivity growth than the US
reflecting a catching up process. Since 1995 this
has been reversed: US productivity growth has
been 1 percentage point higher than Europe’s
while unemployment has been at a historical low
in the US and stagnating at a high level in
Europe.

A theme of this year’s Report concerns the role of
the public sector in the competitiveness of the
European economies. Measuring productivity
growth in the service sector is notoriously difficult
and, especially so, in the public sector. Since the
presence (however measured) of the public sector
is quite substantial not just in the EU but in other
industrialized nations, it is possible that public
sector inefficiencies will ultimately show up in
such measures of economic performance as
productivity growth. Although direct measures of
the importance of the public sector, such as the
share of government expenditure or of revenues
in GDP are indicative of the extent of its involve-
ment in economic activity, another crucial area
that might have a direct impact on incentives to
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engage in economic activity is the web of rules
and regulations that delineate the framework
conditions within which economic activity is
taking place. Despite indirect and conjectural
evidence, especially the effect of these is not easy
to identify empirically. The hypothesis is that the
public sector matters in productivity growth and,
therefore, it is important to consider the influence
of its structure, size, strategy, quality and the effi-
ciency of its activities that impinge upon decision
to produce, work, modernize and innovate in the
EU. A large part of this edition of the Competi-
tiveness Report is concerned with these issues.

The Report comprises five chapters. Chapter 1
reviews the general issues related the role of the
public sector in economic activity. The material
considers issues of taxation, spending and incen-
tives. Measured by the share of public expendi-
ture in GDP, the EU stands out as having the
largest public sector among the triad nations.
Notwithstanding the fact that the size of the
public sector varies considerably across the
Member States, the EU has a significantly larger
share of expenditures for social protection and
general public services than its international
competitors. The evidence on the influence of
public sector activities in aggregate productivity
growth is fragmentary, inconclusive and incom-
plete. With the advent of monetary unification in
Europe, the need for fiscal consolidation but, also
importantly, recognition that the involvement of
the pubic sector in many aspects of economic life
may be harmful to performance, has led to a
reform process undertaken across the Member
States. Clearly, public sector reforms are central
issues in the Lisbon agenda.

Chapter 2 examines issues related to the impact of
public support of R&D on innovation output and
growth. Spending on R&D has drawn significant
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attention in recent years. The chapter takes an empir-
ical view, examining the influence of public sector
R&D on output and industrial innovations in the EU
at the firm, industry and country level. The results
confirm that both tax incentives for R&D and direct
funding of business R&D have a significant and posi-
tive impact on business R&D spending. However, the
majority of the increase in the average R&D intensity
cannot be explained by tax credits or direct funding.
Other factors, such as the shift towards R&D inten-
sive industries, appear to be more important than
direct support in explaining the change in R&D
intensity in the business sector across EU countries.
Expenditures on R&D performed by universities and
public research organisations are also found to be
significantly positively related to business sector
expenditures on R&D, indicating that public sector
R&D and private sector R&D are complements and
suggesting the presence of spillover effects from
academic research. Results also suggest that expendi-
ture on R&D in the higher education sector
contributes significantly to growth of GDP per capita,
and that the ratio of public sector R&D to GDP is an
important predictor of EPO patent applications per
capita. Community Innovation Survey (CIS) evidence
at firm level for Austria, Germany and Finland confirm
that the public sector contributes importantly to
innovation through financial support and/or through
stimulating cooperation. The largest impact on inno-
vation occurs when R&D collaboration and public
funding are conducted simultaneously.

Chapter 3 reviews the performance of the health
sector. The efficiency of this large sector undoubt-
edly has implications for measured productivity
growth essentially because it affects resource alloca-
tion in the face of idiosyncratic circumstances —
market imperfections including moral hazard,
adverse selection and the presence of externalities,
are notorious in this sector. Rapid advances in tech-
nology are one reason for increase in health expen-
diture but they also produce improvements in
health outcomes. The evidence that increased
expenditure on health care leads to better
outcomes is generally weak but stronger in the case
of specific disease-based studies.

Efficiency considerations are receiving greater atten-
tion than has hitherto been the case and reforms
are under way in many Member States. On the
input side, there appears to be some scope for
better use of resources, in particular labour — physi-
cians and nurses. Furthermore, as pharmaceuticals
contribute enormously to improvements in health
outcomes, it is necessary to find a balance between
cost containment and incentives provision for
continued innovation. Finally, the role of organisa-
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tional change is also important. Realising efficiency
gains, securing benefits from advanced technology
at reasonable cost and ensuring fair access for all
citizens is one of the major challenges facing the EU
in the coming decades.

Chapter 4 examines the competitive position and
recent developments in the European automotive
sector as well as regulation issues impinging on the
sector’s performance. Europe has a strong position
in automotive production and trade and European
companies have established leading international
positions both as exporters and as investors. This
success rests on the large and sophisticated Euro-
pean market which is dominated by local brands.

The industry is under permanent change as globali-
sation, consolidation and restructuring of the value
chain occurs; one such development was the
upgrading of the role of the supplier industry. At
the same time, the European automotive industry
seems to have fully grasped the opportunities of the
recent enlargement of the EU.

The importance of the car in the economy and in
everyday life places it necessarily at the centre of
many, sometimes divergent, regulatory require-
ments. The industry has an interest in the continua-
tion and fruition of the efforts to better regulate. Of
crucial importance will be to identify and implement
innovative solutions that will become global, thus
giving European industry a competitive advantage.

Chapter 5 mainly discusses the challenges the rising
economy of China is posing for the competitiveness
of the EU. The specific economic structures and
factor endowments of the new Member States and
of the candidate countries make them more suscep-
tible to competitive pressure arising from China that
is rapidly integrating in the global economy; the
EU-15 economies, which are significantly more
industrialized, are les vulnerable.

The chapter discusses, first, the driving forces of
China’s recent advance in the global economy as
well as the downside risks inherent in China’s recent
economic and social development; secondly,
China’s role in the global division of labour and
Chinese-European economic relations including
trade patterns and foreign direct investment flows;
and, third, the impact a rising Chinese economy
might have on various industries in the EU and
especially those in the new Member States.

China’s economic transformation during the last 25
years has been dramatic. Industry has been growing
at an annual rate of 10.9 % between 1979 and 2002
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and GDP by 9.0 % during the same period. China’s
exports to Europe include a surprisingly high share of
technology-intensive and knowledge-based prod-
ucts as well as capital intensive manufactured goods.
China’s growing importance as producer of high-
tech products is a reflection of a clear industrial
policy. The opening up of China, given its market
potential and appetite for strategic-sector and
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government-driven foreign companies engagement,
provides substantial trading and investment oppor-
tunities for European companies; however, the
greatest challenge to established multinationals and
to brand owners in the industrial world will arise from
Chinese brand name producers whose growth has
been concealed in the traditional patterns of the
international labour division.
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Chapter 1: "—————
I

Productivity and the Public Sector

1.1 Introduction public sector is an important determinant of average
labour productivity at the national level.

Public policies play an essential role in shaping
competitiveness and growth in an economy. This
Chapter discusses the effects of public policies on
productivity. The public sector affects overall labour
productivity in an economy in two ways:

Secondly, the organisation and functioning of govern-
ments affects productivity in the private sector. This
Chapter considers three main channels through which
government action can have an impact on productivity:

e Taxation is needed in order to finance govern-

First, the public sector itself has a large weight in the ments. However, taxes distort relative prices in
overall economy. In Sweden, which has the highest the economy and thus influence economic
share of government employment in EU-15, one out incentives such as the willingness to work, to
of three jobs is in the government sector (Table 1.1). invest or to engage in entrepreneurial activities;

The Netherlands has the smallest share of govern-
ment employment, one tenth of all jobs. Due to the e Government spending on areas such as educa-
size of government activity, labour productivity in the tion, research and development or infrastructure

Table 1.1: Government employment in EU Member States,US and Japan in 2003, % of total employment

Country Government employment % of total
Sweden 31.7
Denmark 30.4
Finland 25.6
France 23.0
Hungary 17.8
Slovak Republic 21.1
United Kingdom 18.8
Belgium 18.3
Portugal 17.9
Poland 17.4
Czech Republic 16.2
Italy 16.0
Luxembourg 15.4
Spain 15.0
Austria 12.9
Greece 12.5
Ireland 12.0
Germany 11.1
Netherlands 11.0
EU-15 16.7
United States 15.7
Japan 8.7

Source: OECD (2003a).
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influences the development of economic
activity. For example, the development of high-
tech production is often linked to research
activity and depends on the availability of high-
skilled labour;

®  Regulations exist in order to correct distortions,
guarantee the basic economic rights and to
promote objectives such as consumer protec-
tion or the quality of environment. At the same
time, regulations limit the choices which indi-
viduals and enterprises can make, and compli-
ance with regulations usually involves costs.

This Chapter starts with a discussion of productivity
within the public sector in Section 1.2. Some recent
studies on public sector efficiency are reviewed,
followed by a brief description of recent reforms.
The remainder of the Chapter is devoted to the
effects of public sector involvement on productivity
in the private sector. Sections 1.3, 1.4 and 1.5
respectively discuss the effects of taxation, public
spending and regulations on private sector produc-
tivity. Section 1.6 concludes. Significant omissions
from the analysis include institutional factors;
industry- or sector-specific regulations; and regula-
tions on labour markets.

1.2 Productivity in the
provision of public services

1.2.1 International comparisons of public
sector efficiency

Most empirical studies on public sector perform-
ance assess either the relative performance of
specific producing units (e.g. hospitals) against each
other, frequently using frontier analysis, or broad
sector aggregates (e.g. health, education, or admin-
istration), assessing performance over time or across
countries. Measurement of public sector output is
more difficult than the valuation of private sector
output, as public services are often provided at a
subsidised price to the customer and no market
prices are available to valuate them. Box 1.1
discusses methodological issues in the measurement
of productivity in the public sector.

Lack of internationally harmonised data often
prevents cross-country comparisons of public sector
productivity across countries. Cross-country studies
on public sector efficiency frequently rely on indica-
tors such as the educational achievement of school
pupils at a given age; infant mortality or life
expectancy; survey results on how managers
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perceive the functioning of justice and the extent of
corruption in a given country;’ or macroeconomic
indicators such as GDP per head, economic growth,
or income distribution. Two recent studies which
use such indicators are discussed next.

Afonso, Schuknecht and Tanzi (2003) compute
indicators of public sector performance (which
describes the outcomes of public sector activity)
and public sector efficiency (which relates the
outcomes to resource use i.e. public spending) for
a sample of 23 OECD countries in 2000. To estab-
lish indicators of overall public sector perform-
ance, they use selected socioeconomic indicators
for public administration, education, health, infra-
structure, income distribution, economic stability
and economic performance.

In general, the performance differences across
countries are rather small. Countries with small
public sectors (government spending less than
40 % of GDP) on average report the highest
scores in particular for administrative and
economic performance. Countries with large
public sectors show more equal income distribu-
tion.2 Of the individual countries, the highest
performance scores were reported for Luxem-
bourg, Japan, Norway, Austria and the Nether-
lands; the lowest for Greece, Portugal and Italy. It
is worth noting that within the group of 23 OECD
countries, the overall performance score for EU-
153 is clearly below the average (0.94 against a
normalised average of 1.00) and below the scores
of the US and Japan (1.02 and 1.14 respectively).

Afonso et al. (op cit.) subsequently compute indica-
tors of public sector efficiency which relate the
above mentioned performance measures to inputs.
Inputs are proxied by government spending on
each type of activity. While cross-country differences
were rather limited in terms of the performance
indicators, the efficiency scores suggest rather large
differences between individual countries. Countries
with small public sectors report significantly higher
efficiency indicators than countries with medium-
sized or large public sectors. Overall efficiency is
highest in Japan, Luxembourg, Australia, US and
Switzerland. At the other end of the range, Italy,
Sweden, France and Belgium report the weakest
scores. EU-15 ranks below the sample average of
1.04 with a score of 0.94; this compares to 1.26 in
the US and 1.38 for Japan.

1 Examples of data sources include the OECD Programme for International
Student Assessment (PISA), World Economic Forum (2003), or IMD (2004).

2 On the link between government size and productivity, see also Section 1.4
below.

3 Weighted average using GDP weights.

e



02_2004_0531_testo EN 12-01-2005 14:16 Pagina 23 $

Chapter 1 — Productivity and the Public Sector

Box 1.1: Measurement of public sector productivity
The most important issues in the measurement of the efficiency in the production of public services are:

¢ how to define output (output vs. outcome, gross output vs. value added, number of activities vs. deflated expen-
ditures);

* how to define aggregate output over a range of different products;

¢ how to incorporate exogenous conditions (such as the general health condition of a patient) in the valuation of
efficiency.

Conventional productivity measurement relates outputs to inputs. The intrinsic problem in the measurement of
public sector productivity is the lack of information on the market value of the output. As public services are often
provided to the user at no cost or at a subsidised price, there are no market prices that reflect the value of the serv-
ices.

When market prices are not available for the output of public sector activity, the value of output is usually derived
from input data. Inputs are to a large extent provided through the market, and it is therefore easier to value them.
As with private sector activities, inputs can be approximated (a) for labour inputs: by the number of employees
involved or by hours worked, and (b) for capital inputs: by investment outlays.

The construction of an output measure for a particular field of government activity would involve a number of steps
(Baxter 2000): (i) set up a list of all relevant activities in that field; (ii) find a volume measure to describe how the
amount of work in that field is changing over time; and (iii) use weights that are proportional to nominal expendi-
ture on the activities in a base year to produce an aggregate measure for the whole field.

Efforts are being made at national and international level to improve the measurement of public sector output. The
current version of the European System of National Accounts (ESA95) recommends the use of output indicator
methods. Eurostat, the statistical office of the EU, attempts to improve price and volume measures of non-market
output, concentrating on the health, education and general administration branches of public services.> At the
OECD, the Statistics Directorate and the Public Management Directorate (PUMA) consider ways to advance on
public sector output and productivity measurement (OECD, 1999).

National measurement methods have been developed in individual countries. In the UK, the Office for National
Statistics (ONS) has developed genuine output measures for education, health and social security and more recently
for courts, prisons, agricultural intervention, fire, social services and the probation service (Pritchard, 2002).

Since 1994, the productivity of all general government agencies except Ministries in Finland has been measured by
the output indicator method. A questionnaire, sent annually to those units that provide services to external
customers, collects information on the quantities of final products, their shares in terms of cost, income or working
time, as well as on the quantity of labour input and gross expenditures (Lehtoranta and Niemi, 1997).

The Dutch authorities implemented the ‘modified deflator method’ in 1992 to quantify the volume of government
output in the national accounts. This method avoids the estimation of output. Alternative methods, such as the
output indicator approach and the structural determinants method, though they yielded similar results, were
rejected.

4 The value of non-market output is traditionally approximated by summing up the production costs at current prices. To arrive at non-market output in real
terms, the current year cost components (such as labour inputs) are deflated using the relevant inflation rate (e.g. wage inflation).
s See also the Eurostat Handbook on Price and Volume Measures.
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Graph 1.1 compares public sector performance
with the efficiency at which the results are achieved
in the 23 OECD countries:

e Luxembourg, Japan, Switzerland, Australia and
the US report high performance at a low cost in
terms of public spending;

e The Netherlands, Denmark, Sweden and
Iceland report above-average performance in
the public sector, but this is achieved at a
disproportionately high cost in terms of public
expenditure;

e The countries close to the average efficiency
line combine low public spending with low
performance (Greece, Portugal, Spain and the
UK), or higher performance with above-average
spending levels (Norway, Austria, Ireland,
Canada and Finland);

e ltaly, France and Belgium, and to a lesser extent
New Zealand and Germany, appear as relatively
inefficient in their use of public resources, while
they also score badly in terms of performance.

Afonso, Schuknecht and Tanzi (2003) conclude that
the higher performance and efficiency scores of
small governments may suggest that the size of
government could be too large in many industri-
alised countries, leading to the prevalence of
declining marginal products. In interpreting the
results, it is important to keep in mind that the
rankings depend on choices such as the selection of
indicators to measure performance.®

Afonso et al. (2003) also conduct a Free Disposable
Hull (FDH) analysis” to measure the efficiency of
public spending across the sample of 23 OECD

Other methodological choices include the decision to give equal weights to
all indicators in the computation of performance scores by area and the
overall performance score (the authors maintain that the results are relatively
robust to moderate changes in weighting), and the choice of spending rela-
tive to GDP as a measure of inputs (the latter assumes that production costs
of public services are proportional to GDP per capita — this may be a good
approximation for labour intensive services such as education, but less so for
items such as infrastructure).

FDH is a deterministic production frontier technique to estimate the extent
of slack in government expenditure. In contrast to the related Data Envelop-
ment Analysis (DEA), it does not require a convex production frontier. Input
efficiency scores indicate how much less input a country could use to achieve
the same level of output. Output efficiency scores show how much more
output a country would be able to produce with the same inputs as currently
employed.

Graph 1.1: Indicators of public sector performance and efficiency
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countries. Public sector outputs are approximated
by the performance indicators which were
described above, and inputs are measured by public
spending as a percentage of GDP in 2000. The US,
Japan and Luxembourg are identified as the most
efficient countries in the sample, followed by
Australia, Ireland and Switzerland.

Most of the EU countries lie well inside the produc-
tion possibility frontier, suggesting that the same
results could be achieved with fewer inputs. For EU-
15, the average input efficiency is estimated at
0.73, meaning that the same level of output could
be attained by using 73 % of the inputs which are
currently used.

In a sectoral analysis of education and health activi-
ties of the public sector in selected OECD countries,
Afonso and St. Aubyn (2004) estimate efficiency
frontiers and compare the results of Free Disposable
Hull (FDH) and Data Envelopment Analysis (DEA).2
In their analysis of education, they use (i) financial
inputs: annual expenditure on secondary education
per student in 1999 (in purchasing power parities),
and (ii) physical inputs, such as hours of instruction
per year and per school in 2000, or the number of
teachers per 100 students in 2000. PISA (the OECD
Programme for International Student Assessment)
survey data on the performance of 15-year-olds are
used as output indicators.

For education, Afonso and St. Aubyn (op cit.) esti-
mate average input efficiencies in terms of output
for all countries considered as ranging between
0.52 and 0.89, depending on the estimation
method used. This means that on average the same
output could be achieved by using 11 % to 48 %
fewer inputs than are currently employed. The
country by country results differ considerably
according to whether inputs are measured in terms
of financial resources or in physical terms. Sweden
and Finland appear as efficient when inputs are
measured in physical terms, but not in terms of
expenditure, which may reflect the relatively high
price of inputs in these two countries. Hungary,
where inputs are rather inexpensive, appears effi-
cient when inputs are measured in financial terms,
but no longer qualifies as efficient when inputs are
measured in physical terms. Mexico, Japan and
Korea are efficient no matter which method is used.

Similar results are obtained for the provision of
health care services. Using as inputs alternatively (i)
per capita health expenditures in purchasing power

8 See footnote 7.

——

Chapter 1 — Productivity and the Public Sector

parities and (ii) the number of doctors, nurses and
beds; and as output indicator either the infant
survival rate or life expectancy, the estimated input
efficiency in terms of output varies between 0.74
and 0.96 across countries. Sweden is positioned on
the efficiency frontier only when inputs are physi-
cally measured, reflecting comparatively high input
prices. In contrast, owing to their relatively inexpen-
sive inputs, the Czech Republic and Poland are effi-
cient in financial terms, but not efficient in physical
terms. As was the case for education, Mexico, Japan
and Korea are identified as efficient independently
of the method employed. The authors note that the
estimated efficiency scores in both education and
health care may be partly attributable to cross-
country differences in population density, the
composition of population as well as the mix of
public and private funding.

1.2.2 Recent reforms in the public sector

Comprehensive reforms of public administration in
many countries during the 1970s and 1980s have
given way to more targeted reforms. Recent reforms
in the public sector have often been carried out as a
response to pressures to limit public spending, to
strengthen economic performance or to keep up
with the innovations introduced in the private sector,
such as the introduction of information technologies.
Country-specific forces are usually at the root of
public sector reforms (Knox, 2002).

This section will briefly discuss three types of
reforms to enhance efficiency in the public sector:

e Management reforms;
¢ Introduction of information technology; and
e Privatisation and outsourcing.

Human resources management — wage differentia-
tion, hiring and firing practices, promotion - in the
public sector often differs substantially from that in
the private sector. Improvements in the incentive
structure are seen as a central device to enhance
the performance of the public sector. Measures
such as explicitly defined objectives, incentive
mechanisms to encourage results-oriented manage-
ment, and evaluations of the outcomes have been
introduced in many OECD countries. Reliable
output and performance indicators are a critical
factor for the success of such mechanisms.

Public administration has traditionally operated in a
non-profit environment, and reforms in public

e
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management have frequently involved the introduc-
tion of commercial management practices, aiming at
enhanced performance and customer orientation of
public administration. Prominent examples are New
Public Management and Total Quality Management.
The term New Public Management originated in
New Zealand in the 1980s and aims at creating a
management culture that focuses on citizens and
involves accountability for results. It promotes well-
defined targets, contract-like arrangements to
provide performance incentives, and decentralised
budget control through cost centres.

Total Quality Management was first developed for
application in business enterprises, but was later on
introduced also in the production of public services.
It is a ‘person-focused management system with the
main target of continuously increasing customer
satisfaction at the lowest possible cost’ (Lindsay and
Petrick 1997, 20).

Since the 1990s, the introduction of information and
communication technologies has been a major tool to
improve the performance of the public sector. The
introduction of information and communication
technologies, together with the associated changes
in working methods (‘e-Government’) offers the
potential for improvements in the quality of infor-
mation, time savings, and increased speed of
response in interaction with citizens and businesses;
it promotes the establishment of common stan-
dards across public agencies, and encourages the
elimination of redundant systems.

eEurope 2005 Action Plan and the subsequent e-
Government policy? put forward measures to speed
up the development of e-Government in the EU.
One of the aims is to connect the public adminis-
trations of Member States to broadband by 2005.
The Action Plan proposes i.a. the following: (a)
access to public services for all via multiple plat-
forms (PC, TV, and mobile terminals); (b) new serv-
ices via broadband development; (c) three-year
action plan on electronic public procurement by
2004; (d) development of pan-European services;
(e) one-stop shop for e-Government related activi-
ties of the EU. European Commission (2003a) iden-
tifies Sweden and Ireland as leading countries in the
introduction of e-Government, while Germany and
Belgium are found to lag behind.

The US Government launched a large-scale
programme in 2002 to facilitate the use of informa-
tion technology in the public sector. It includes facili-

? See European Commission (2003a).

——

ties for disaster management, access to federal and
state level benefit programmes, participation in the
rulemaking processes concerning small business, e-
training courses, a job search engine, and electronic
tax filing services.

Privatisation and outsourcing to private service
providers have been seen as solutions to the incentive
problems in public sector production. Mukherjee and
Wilkins (1999) report on outsourcing via the exten-
sive creation of arms-length agencies and on some of
the problems in achieving the desired goals. Batley
(1999) concludes that the effects of outsourcing have
not been exclusively positive. Particularly in devel-
oping countries, radical outsourcing of service
delivery agencies has resulted in transaction costs
that outweigh the efficiency gains of unbundling. In
general, reforms that attempt to separate purchasers
from providers may reduce accountability.

Empirical research on the effects of privatisation'®
suggests that privatisation is usually associated with
increased efficiency, profitability and capital invest-
ment spending. On the other hand, in the short run
privatisation often leads to employment reductions,
which are linked with increased labour productivity
(see Meggison and Netter, 2001, for a survey). Nico-
letti and Scarpetta (2003) find that a gradual move
over some ten years towards the OECD average share
of state-owned enterprises in total value added
boosts annual multi-factor productivity growth by
0.7 percentage points in those EU countries where
government ownership of industries is high, notably
in Austria, France, Greece, Italy and Portugal.

Public-private partnerships are an alternative to
outright privatisations. The involvement of the
private sector can yield benefits by bringing the
projects closer to the market in terms of risk-
sharing, management skills and the quality of public
services.

The remainder of the Chapter discusses the effects
of government policies on productivity in the private
sector. Three channels of influence are considered:
Section 1.3 examines questions of taxation, Section
1.4 deals with government spending and, finally,
Section 1.5 provides a brief overview of the effects
of regulations.

10 See Bennett et al. (2004), Claessens and Djankov (2002), Djankov and
Murrell (2002), Frydman et al. (1999), Gonenc et al. (2000), La Porta and
Lopez-de-Silanes (1999), Nicoletti and Scarpetta (2003), Van den Noord
(2002), and Vickers and Yarrow (1988).
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Graph 1.2: Total taxes in EU-15, the US and Japan in 1980-2002, % of GDP
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Notes: Data for the US and Japan only available until 2001; taxes include social security contributions.

Source: OECD (2003b).

1.3 Taxation
1.3.1 Introduction

Graph 1.2 shows the evolution of the ratio of total
taxes to GDP in EU-15, the US and Japan. The
average tax ratio in EU-15 increased trendwise until
the mid-1990 and has declined slightly in the
recent years. In 2002, total taxes in EU-15
amounted to 40.5 % of GDP. In the US and Japan,
the tax ratios remain below 30 % of GDP.

Graph 1.3 illustrates the large differences in the tax
burden across the EU-25 member states. In Sweden
and Denmark, the sum of taxes and social security
contributions equals half the value of GDP. At the
lower end of the range, Ireland and Lithuania have
tax ratios just below 30 per cent. The average tax
ratio in EU-25 is 40 per cent, the same level as in
the mid-1990s.

Empirical research on the relationship between the
overall tax ratio (total taxes to GDP) and GDP
growth has not yielded conclusive results. Barro
(1991) analyses the relation between the growth
rate of GDP per capita and the tax ratio. His find-
ings suggest that the tax burden has a negative
impact on a country’s growth performance. This
result has been contested by subsequent studies
that show a slightly positive or insignificant correla-
tion (e.g. Easterly and Rebelo, 1993).

Not only the overall tax burden, but also the
composition of the tax mix is considered as relevant
for the growth performance, as the size of the
incentive effects varies from one type of tax to
another. Easterly and Rebelo (1993) suggest that
there is a relationship between the level of national
income and the composition of overall taxes.
Kneller, Bleaney and Gemmell (1999) find a
growth-reducing impact of distortionary taxes. In
contrast, Mendoza, Milesi-Ferretti and Asea (1997)
show that the growth effects of changes in the tax
structure (implicit tax rates on capital, labour and
consumption) are negligible.

In the following, two types of taxes are discussed:
(i) taxes on labour; and (ii) taxes which affect entre-
preneurship and innovation.

1.3.2 Labour taxation

The taxation of labour exerts an influence on overall
labour productivity in the economy via two main
channels:

e  First, taxes affect the incentives to work;

e Secondly, taxes on labour have an impact on
the incentives for human capital formation.

High taxation can induce more individuals to stay
outside the labour market, or make them work

e
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Graph 1.3: Tax ratios by EU-25 Member State in 2002
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shorter hours in exchange for more leisure time.'!
Empirical studies suggest that labour taxation influ-
ences the decision to participate in the labour
market, in particular for low-income earners,
married women and single parents. In contrast,
labour supply of males and those in the high-wage
segment of the labour market appears to be quite
insensitive to labour taxation.

Prescott (2004) observes that the lower labour
supply in Europe, and not so much the lower hourly
productivity of labour, accounts for the difference in
living standards against the US. In studying the G-7
countries, he finds that tax rates alone account for
most of the cross-country differences in labour
supply.’? In the early 1970s, Europeans worked
more than Americans, while the opposite is true at
present. Prescott argues that changes in tax rates
since the early 1970s account for most of the
changes in labour supply; significant increases in

" In the standard neoclassical textbook labour-leisure model (see Zagler and
Duernecker, 2003), at a given gross wage, labour taxes affect individual
labour supply decisions through an income effect (higher taxes reduce the
net incomes, and an individual has to work more to maintain the same
income level) and a substitution effect (an increase in taxation reduces the
net income from an hour worked and, at the margin, makes leisure time
more attractive). As these effects work in opposite directions, the total effect
on labour supply is indeterminate.

12 Labour supply is measured as hours worked per person aged 15 to 64. The
study abstracts from a number of other possible factors that may explain
labour supply, such as the number of wage earners in a household.

taxation in the EU G-7 members after the early
1970s coincide with a relatively large decline in
labour supply.

Within the neoclassical framework, lower employ-
ment should lead to higher average labour produc-
tivity, as the workers with below-average produc-
tivity are the first to exit from the labour market.
However, there are other factors that may work in
the opposite direction. Spill-over effects from
increased employment can enhance the produc-
tivity of skilled workers and of capital, as suggested
in some models of endogenous growth (e.g. Barro
and Sala-i-Martin, 2003). Moreover, when individ-
uals are outside the labour market, their skills dete-
riorate which reduces the potential for future
productivity growth.

Several empirical studies have found significant
positive correlation between measures of human
capital and a country’s growth performance (e.g.
Romer, 1990, Mankiw, Romer and Weil, 1992),
although the magnitude of this effect is disputed
(Barro and Lee, 1992). Human capital affects
productivity both directly and indirectly:

e First, an increase in human capital directly
improves the quality of labour and therefore its
productivity (Harberger 1996);

e
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e Secondly, as the literature on economic growth
suggests, additional human capital is associated
with positive spill-overs which affect indirectly
the productivity of labour and capital. In the
activities of high-skilled workers (production,
research), individual productivity also depends
on co-workers’ productivity (Lucas, 1988).
Therefore a higher level of individual human
capital should not only enhance individual
earning capacities but also promote overall
productivity growth in the economy (Caucutt,
Imrohoroglu and Kumar, 2003).

Tax rates and the design of income tax systems
have been found to affect human capital formation.
The primary economic incentive for individuals to
invest in human capital is the expectation of higher
lifetime earnings and future wages (Zagler and
Duernecker, 2003). As higher tax wedges on labour
are associated with lower future net earnings, they
reduce the incentives to acquire skills.

Moreover, a more progressive tax schedule is associ-
ated with higher disincentive effects, as the future
returns on investments in human capital are taxed at
a higher tax rate than the lower earnings without
additional schooling that would be foregone when
engaging in the acquisition of additional knowledge
(Poterba, 2002; Gentry and Hubbard, 2002).
However, Heckman, Lochner and Taber (1998) show
that replacing the progressive U.S. income tax by a
proportional tax can be expected to have only small
effects on skill formation. On the basis of a simulation
study, Trostel (1993) shows that a one percentage
point decrease in the marginal tax rate induces a
long-term increase in human capital of 0.97 %.

1.3.3 Taxation of enterprises

Productivity-enhancing innovations are often intro-
duced to the market by new enterprises. OECD
(2003c), on the basis of data from a firm-level data-
base, shows that new firms in general contribute
positively to industry productivity growth in Euro-
pean countries, and their contribution is higher
than in the US. However, most of the observed
productivity growth at the aggregate industry level
is due to incumbent firms. Moreover, cross-country
differences with regard to the contribution of new
firms to productivity growth are considerable.

This section focuses on the enterprise sector and
discusses two potential channels via which taxation
can influence productivity growth:

e First, taxation affects the incentives to start an
enterprise;

——
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e Secondly, taxation influences enterprises’
investment behaviour and, at the international
level, may influence foreign direct investment
flows.

Robson, Wren (1999) show that higher marginal tax
rates lead to a decline in self-employment rates as
they reduce the return to effort and therefore
discourage entrepreneurial activity. Gentry, Hubbard
(2000) point at the role of the progression of the
tax schedule: a more progressive taxation of busi-
ness incomes disproportionately reduces the after-
tax return of successful entrepreneurs and thus
lowers average returns, hence reducing the incen-
tives for entrepreneurial activity. For the US, they
show that the probability of entry into self-employ-
ment is negatively correlated with the progression
of the tax schedule.

On the other hand, Long (1982) and Blau (1987),
using time series regressions to explore the relation-
ship between marginal federal tax rates and the
rates of self-employment in the U.S., find a positive
correlation. The explanation offered for this result is
that high tax rates induce workers to shift from paid
employment to self-employment where taxes can
be evaded more easily. A number of more recent
studies (e.g. Fairlie and Meyer, 2000; Briscoe,
Dainty and Millett, 2000) conclude that the correla-
tion between tax rates and self-employment is in
general weak and of a limited size. Gordon (1998)
and Cullen and Gordon (2003) point to the impor-
tance of the tax treatment of losses in influencing
the incentives for entrepreneurship.

Several authors stress the importance of capital
gains taxation under imperfect capital markets
(Gordon, 1998; Fuest and Huber, 2003). They
argue that taxes on capital gains realised by venture
capitalists who provide capital to start-ups can lead
to a sub-optimal supply of venture capital and
therefore dampen innovation and entrepreneurship.
Anand (1996) shows that the taxation of capital
gains has a significant influence on the supply of
venture capital in the telecommunication industry.
In contrast, Poterba (1989) argues that cuts in
capital gains taxes are not an effective instrument to
spur innovative activities, as venture capital only
accounts for a small share in investors’ total capital
income.

International tax differentials may distort the inter-
national allocation of capital, impeding the equaliza-
tion of the marginal productivity of capital across
countries. This implies that overall (global) produc-
tivity could be increased by a re-allocation of capital
from low-tax to high-tax Member States. Foreign
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direct investment (FDI) is also an important channel
for the transfer of productivity-enhancing technolo-
gies and management methods. Several empirical
contributions focusing on the US and the UK find
that foreign-owned firms show higher labour
productivity than domestically-owned firms (e.g.
Doms and Jensen, 1998; Griffith, 2003)."3

Empirical studies show that FDI displays some sensi-
tivity to international tax differentials, although the
magnitude of the correlation is disputed (for a
review of empirical contributions see Hines, 1999
and de Mooij and Ederveen, 2003). In an empirical
analysis of the sensitivity of the operations of multi-
national corporations to host country taxation,
Mutti and Grubert (2004) show that the location
decisions of US majority-owned foreign affiliates
oriented to export markets are considerably and
increasingly influenced by host country taxation.

In a recent study including the EU Member States,
Gorter and Parikh (2003) find that a one
percentage point reduction in the effective corpo-
rate income tax rate relative to the European mean
in an EU Member State induces investors from the
other Member States to increase their FDI position
by about 4 %. In their meta analysis, covering 25
empirical studies on the impact of corporate taxes
on the allocation of FDI, de Mooij and Ederveen
(2003) find that the median value of the tax rate
elasticity of FDI is about -3.3, i.e. a one percentage
point reduction in the host-country tax rate
increases FDI in that country by 3.3 %.

The case for international harmonisation or co-ordi-
nation of corporate taxation remains disputed.'
The evidence for the past quarter of century in the
EU points to a downward convergence of statutory
corporate income tax rates and effective corporate
tax rates.'s

1.4 Public spending
1.4.1 Introduction

Pressures to increase the efficiency of public
spending come from many directions: in many
countries, there is a need to reduce the high levels

3 Chapter 4 in European Commission (2003b) discusses the role of foreign
direct investment in boosting productivity growth in the Central and East
European new Member States and candidate countries.

14 For a discussion of the initiatives on company tax harmonisation currently
contemplated on the EU level see e.g. Cnossen (2003), Devereux (2004),
Sorensen (2004) or Zodrow (2003).

5 For the development of nominal corporate income tax rates in the OECD,
see KPMG (2004); for a survey of a number of recent studies on effective tax
rates based on different methodologies, see Schratzenstaller (2003).
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of public debt or to cut taxation; simultaneously,
population ageing is leading to an increase in
pension and health expenditures. EU Member
States outline their medium-term budgetary disci-
pline strategies in their Stability or Convergence
Programmes. These often target also the procedural
side of government spending by the use of fiscal
rules (tax, expenditure, budget balance or debt ceil-
ings); extension of the planning horizon; reduction
in the fragmentation of the budget (into extra-
budgetary funds and contingent liabilities).’® In
general, there is an increasing emphasis on the
outcomes of public spending.

In 2003, overall government spending amounted to
49 % of GDP in EU-15. Differences in expenditure
levels across the Member States are large, with the
Czech Republic, Sweden, Denmark and France
displaying the highest public expenditures and the
Baltic States and Ireland the lowest (Graph 1.4). In
most EU-15 Member States, the share of public
spending in GDP has declined since the early
1990s.

Over the last 40 years, economists have profoundly
changed the way they seek to quantify the impact of
public expenditures on economic performance. They
have abandoned the traditional Keynesian and
neoclassical macroeconomic frameworks in favour of
an empirically-oriented approach. Current economic
analysis, instead of considering the multiplier effects
of the overall size of government spending, distin-
guishes between the impacts of different types of
government spending. While the available empirical
studies suggest that government spending has some
positive effects on economic performance, the net
effect of the government activities on the economy
often remains ambiguous.

At an aggregated level, Afonso, Schuknecht and
Tanzi (2003; see also section 1.2) analyse the
performance of public sectors in 23 OECD coun-
tries. They find that countries with small govern-
ments (public spending below 40 % of GDP in
2000) in general performed better than countries
with medium-sized or large governments. The
higher public sector efficiency in countries with
small governments points to diminishing marginal
products in public spending.

The results of Afonso et al. (op cit.) stand in contrast
to those of La Porta et al. (1999). The latter carry
out a correlation analysis and report that (a) high
taxes are not necessarily a sign of an inferior

16 See also Joumard et al. (2004).
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Graph 1.4: General government expenditure in EU Member States in 2003, % of GDP
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Notes: No data available for Poland; data for Slovakia and Slovenia are for 2002.

Source: Eurostat New Cronos.

government; (b) the quality of public goods is high
in countries with efficient governments; (c) coun-
tries with larger governments are less corrupt, have
fewer bureaucratic delays, better provision of public
goods, but also higher tax rates; and (d) freer
governments are larger, more efficient, they inter-
vene less and provide better public goods. In the
study by La Porta et al.,, larger governments on
average perform better with respect to performance
indicators such as the quality of business regulation,
bureaucratic delays and infrastructure quality. The
conflicting results of Afonso et al. and La Porta et al.
may partly be explained by the differences in the
country samples: Afonso et al. consider OECD coun-
tries only, while La Porta et al. include many devel-
oping countries in their sample.

Graph 1.5 compares the size of government and
labour productivity in the total economy across the
Member States. At such an aggregated level, it is
difficult to detect any link between productivity and
government size. Ireland stands out with its high
productivity and low level of government spending.
Also Luxembourg combines a very high level of
productivity with below-average government size.
The three Member States with the highest level of

government spending — Czech Republic, Sweden
and Denmark — display productivity levels below or
close to the EU average. The three Baltic States are
characterised by very low levels of both productivity
and government spending.

The structure of public expenditures in EU-15 is
illustrated in Graph 1.6. By far the largest part of
overall public spending goes to social protection
which amounts to almost 19 % of GDP and is a
major instrument of redistribution. The next two
largest spending items in EU-15 are health and
general public services.” The high spending on
social protection is the most important single
feature which distinguishes the EU from the US and
Japan (where public spending on social protection
accounts for 7 % and 10 % of GDP respectively).
On health, EU-15 governments spend slightly more
than the US, while the GDP share of education
spending in EU-15 is slightly below that of the US.

17 General public services are composed of expenditures for executive and
legislative organs, financial and fiscal affairs, external affairs; foreign
economic aid; general services; basic research; R&D, general public services;
public debt transactions; and transfers of a general character between
different levels of government. A detailed classification is provided at:
http://unstats.un.org/unsd/cr/registry/regcst.asp?Cl=4&Lg=1.
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Graph 1.5: Government expenditures and labour productivity in EU Member States in 2003
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Graph 1.6: Public expenditures by category in EU-15 in 2001, % of GDP
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On defence, EU-15 Member States spend on
average 1.7 % of GDP, less than half of the US
defence spending.

The remainder of this section reviews recent litera-
ture on the productivity effects of government
outlays by type of spending. Outlays on public
infrastructure, education, research and develop-
ment are reviewed in turn.

1.4.2 Physical infrastructure

Physical infrastructure can be seen as a public good,
which should be provided collectively — consumers
and firms can usually not be excluded from
consumption, and one person’s consumption does
not reduce the amount available to others. In empir-
ical studies, infrastructures provided by the public
sector are usually defined as comprising roads and
motorways, water and sewer system, dwellings and
sometimes public research and development capital.
Most studies show that public infrastructures (i)
decrease the costs of firms and contribute to their
production possibilities, and (ii) are an important
factor for attracting firms and start-ups.

European Commission (2003c) provides a survey of
recent studies on the effect of investments in public
capital. The majority of existing work suggests that
public capital has a positive impact on output,
productivity or growth. However, in most studies
the positive impact is not strong, and there are
cases where the impact is insignificant or even
negative. The weak results may reflect the fact that
a large part of public investments only have an indi-
rect influence on productivity (for example, provi-
sion of public housing, or water and sewers).

There is considerably more empirical work available

——
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for the USA than for other economic regions (see
Table 1.2). A number of contributions estimate the
impact of public capital on production and rely on
panel data for the 48 states of continental USA over
the period from 1970 to the end of the 1980s.
Stephan (1997) provides a survey of 15 studies
using such data. Early investigations concluded that
public capital had a positive impact on production,
with an estimated output elasticity with respect to
public capital included between 0.05 and 0.30.
However, more recent studies have not been able to
confirm these findings. Holtz-Eakin (1994), for
instance, argues that an apparent impact of public
capital on value added could be due to neglecting
individual heterogeneity in panel data analysis.

Zegeye (2000) uses very detailed data for a sample
of 1,514 U.S. counties covering the years 1982,
1987 and 1992 and concludes that public capital
significantly increases productivity. The elasticity of
output to capital he finds is relatively small
(between 0.022 and 0.133), but statistically signifi-
cant. Fernald (1999) considers a longer time period
(1953-1989) for 29 U.S. sectors and finds that roads
had an important impact on productivity in the
sub-period 1953-1973; thereafter, the productivity
impact gradually declined to a very low level. The
detailed data Fernald uses, containing information
on vehicles used for production, allow him to
conclude that ‘correlation between productivity and
public capital primarily reflects causation from
public capital to productivity’.

Most contributions for European and Japanese
regions report a positive impact of public infrastruc-
ture on production. Regional data are available for
France, Germany, Italy, Spain and Japan, yielding
estimates for the output elasticity with respect to
public capital which lie between 0.08 and 0.65 (see
Stephan 1997, 2003). Also national-level data have

Table 1.2: Estimates of the impact of infrastructure on production

Surveys Data

Results

15 contributions reviewed by
Stephan (1997)

Panel of 48 U.S. states for the period
1970 to end of the1980s

€(y;9)=0.15 on average in studies
prior to 1994. This elasticity is not
significant in post 1994 studies

9 papers reviewed by Stephan (1997

and 2003) and Picci (1999) pean countries

Panel of regions for different Euro-

€(y;9)=0.20 on average and almost
always significantly different from zero

7 studies reviewed by Stephan
(1997)

Panel of OECD or G7 countries

e(y;g) is only significant in 3 out of 7
studies, in which case ¢(y;9)=0.30 on
average

9 studies reviewed by Stephan

(1997) sector level, different countries

Time series for economy wide or

€(y;9)=0.30 on average and often
significant
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been used to investigate the impact of variations in
the level of public capital on productivity growth
differentials between countries. However, no clear
conclusions arise from such cross-country compar-
isons; in four of the seven studies, the impact is
insignificant.

Instead of relying on data for different geographic
areas, time series data for a country or for different
industries within a country have been used to relate
temporal variations in the level of the public capital
stock to variations in the level of production (see
Stephan, 1997). Empirical studies using such data
find a positive impact of public capital on produc-
tivity growth. The mean value of the production
elasticity with respect to public capital is about 0.30
and mostly significant. However, two caveats are
worth mentioning: (i) time series variables are often
non-stationary, and (ii) in this framework, it is diffi-
cult to deal with reverse causation from productivity
to public investment.

Finally, instead of estimating the impact of public
capital on the level of output, many studies assess
the effects of public capital on the (private) cost of
production. It can be shown that any production-
enhancing public infrastructure also decreases the
private costs of production. Since cost and input
demand functions are related, this framework
allows one to derive directly the impact of public
infrastructure on private input demands. Musolesi
(2002) reviews 22 papers, published during the last
15 years, using the cost function approach. The
empirical estimates of the cost saving impact of
public infrastructure are in line with those obtained
from the production function approach: on
average, one percent additional public capital
reduces private costs of production by 0.16 percent.

The empirical findings lead to two concluding
observations. First, the outcomes are different for
the US and Europe. Whereas recent studies for the
US find either no significant, or a small positive,
impact of public infrastructure on productivity, the
estimated impact is higher and mostly significant
for European countries. Secondly, some studies
point to decreasing marginal returns in public infra-
structure. This could explain the variety of empirical
results for US regions. Decreasing returns in public
infrastructure may be relevant also for European
countries, but there is no evidence of them yet.

1.4.3 Education

The economic rationale for government involve-
ment in education rests on the existence of exter-
nalities, economies of scale and other market fail-

——

ures, as well as distributional motives (Hanushek,
2002). If the social rate of return on human capital
is, due to externalities, higher than the private rate
of return, individuals’ investment in human capital
may be sub-optimal. Also capital market imperfec-
tions (difficulty to finance studies) may impede a
socially optimal investment in human capital. Public
expenditures, such as the costless provision of
education, or subsidies to higher education, can be
justified on these grounds.

A vast theoretical literature stresses the importance
of education and human capital for economic
growth: a skilled workforce is more likely to develop
and adopt new technologies, thereby shifting
potential output and productivity upwards.
However, there is no consensual evidence as to
whether the education system is under- or over-
financed by the public sector.

Following Barro (1991), many empirical contribu-
tions report positive correlation between schooling
and growth. This literature, however, is subject to
three important qualifications:

e The strong correlation between schooling and
growth may be a consequence of the omission
of other relevant variables from the analysis;

e Anticipated economic growth may induce
more people to stay longer at schools. Bils and
Klenow (2000) provide empirical evidence of
this. As a consequence, a part of the observed
correlation between schooling and growth is
explained by the fact that expected growth
implies more schooling, not by the fact that
schooling leads to economic growth.

¢ Acemoglu and Angrist (2000) are unable to find
significant evidence for the presence of external-
ities in schooling. This is in line with Hanushek
(2002, p. 2066) who concludes that: ‘little
evidence exists that distinguishes externalities in
economic growth from simply the impact of
better workers and more human capital’.

The thrust of empirical work that fails to establish a
firm positive relationship between the level of
education and income growth is based on endoge-
nous growth models which treat human capital not
as an input of the production function, but as a
determinant of innovation. In such a setting,
Benhabib and Spiegel (1994) were not able to find
a positive contribution of changes in years of
schooling in their growth regressions. In another
strand of the literature, based on an extended
version of the neoclassical growth model in the
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tradition of Mankiw, Romer and Weil (1992),
human capital is regarded as a factor of production.
Soto (2002) applies this model to empirical estima-
tion and concludes that years of schooling fit well in
a neoclassical production function.

While most contributions consider the relationship
between the quantity of schooling (such as the
number of years spent in education) and growth,
Hanushek and Kimko (2000) analyse the quality of
schooling. To measure quality, they use the cogni-
tive performance of students in various international
tests. They find that differences in the quality of
schooling contribute significantly to explaining
differences in economic performance. Although
Barro (2001) reports similar results, the robustness
of his findings has not yet been confirmed.
Coulombe et al. (2004) analyse panel data of cross-
country growth in 14 OECD countries. Their results
suggest that human capital indicators based on
literacy scores have a positive and significant effect
on the long run levels of GDP per capita and labour
productivity. Neri (2003) includes life expectancy as
an indicator for health in the model, which not only
has a significant impact on growth, but also lowers
the impact of schooling quality.

1.4.4 Research and development'®

When the commercial exploitation of an innova-
tion cannot be confined to the firm which
conducted the relevant research, also competitors
will share in the benefits of the research activity.
As a consequence, each individual firm will inno-
vate less than would be optimal from a social
point of view. This has frequently been used as a
justification of government spending on research
and development (R&D) for sustaining an innova-
tive economy.

Whereas the lack of incentives for carrying out R&D
projects was identified by Arrow (1962), first empir-
ical studies trying to measure the rate of return of
R&D appeared soon afterwards. Estimations of the
difference between private and the social rate of
return of R&D were surveyed by Griliches (1992)
and by Griffith (2000). The empirical framework
used to evaluate the impact of public infrastructures
on private productivity is easily extended to analyse
the effects of R&D on productivity. The result that
the social rate of return to R&D is about twice as
high as the private rate of return appears to be a
robust — but not always significant — finding.

18 See also Chapter 2 of the present Report.
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Public involvement in research and development
activity can take two forms: (i) government research
at universities or in government laboratories; and
(i) indirect involvement through financing or subsi-
dising R&D in the business sector. Some studies
have sought to find out whether public spending
on R&D simply replaces private research (substitu-
tion) or whether the public funds lead to an
increase in overall R&D (additionality). David, Hall
and Toole (2000) review the available econometric
evidence accumulated over more than 35 years on
possible crowding out of private R&D. They
conclude that one third of the 33 studies consid-
ered, conducted on all levels of aggregation, report
some kind of substitution, while two thirds do not.

A number of empirical studies attempt to distin-
guish the growth effects of (i) business R&D, (ii)
government R&D and (iii) foreign R&D. Guellec
and van Pottelsberghe (2001) estimate regressions
for 16 OECD countries covering the period 1980-
1998, explaining total factor productivity by the
various R&D aggregates. They find a long-term
elasticity of government and university performed
research on productivity of 0.17, which compares
to 0.13 for business R&D and 0.45 to 0.50 for
foreign R&D.

Part of the impact of public research on overall
productivity is indirect and depends on the
exploitation of the results in the business sector.
Established strong links between public and private
research should enhance this effect. The provision
of high quality scientific, technical and managerial
education is essential to the successful dissemina-
tion of innovation. The result of foreign R&D having
a higher impact on productivity growth than
domestic R&D points to the importance of the
capacity to absorb foreign technology.

1.5 Regulatory framework
1.5.1 Introduction

A basic function of government is to safeguard public
order and safety. In industrialised economies, the
regulatory system seeks to promote many other goals
as well, including public health and safety, social
objectives or the protection of the environment. The
quality of the regulatory system, as well as the effi-
ciency of public administration, affect the production
costs of firms and the ways in which production is
organised. An efficient regulatory system promotes
efficiency and innovation while excessively bureau-
cratic procedures or outdated technical regulations
can harm productivity and competitiveness.
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Since productivity growth is usually not the primary
objective of regulations, the effects on productivity
come as a by-product and are often hard to
measure in quantitative terms. A significant part of
research on regulations and productivity growth
focuses on the role of product market regulation,
market entry and competition policies. These will be
discussed briefly below. A short review of recent
analysis on the role of environmental regulations
closes the section. In many cases, sector- or
industry-specific regulations are particularly impor-
tant for firm productivity but a discussion of sector-
specific rules is outside the scope of this Chapter.

1.5.2 Competition

Competition can be expected to provide incentives
for improved efficiency via three channels (see
Armstrong, Cowan and Vickers, 1994):

e First, allocative efficiency. Competition leads to an
efficient allocation of resources across markets,
equalizing the marginal rate of transformation to
the marginal rate of substitution. A large body of
literature highlights the importance of market
entry for productivity performance (see for
example Caves, 1998; Geroski, 1995);

e Secondly, efficient organisation of production
within firms. Competition provides managerial
incentives for the reduction of organisational
slack and X-inefficiency (Leibenstein, 1966). A
series of studies in the tradition of principal-
agent theory show that competition induces
firms to be more efficient by reducing their
agency problems (Hart, 1983; Nalebuff and
Stiglitz, 1983; Mookherjee, 1984; Willig, 1987;
Hermalin, 1992);

e Thirdly, competition may lead to increased inno-
vative activity. Empirical support for the
assumption that competition forces firms to
innovate is quite broad (e.g. Nickell, 1996;
Blundell et al., 1995; Geroski, 1990; 1995;
Porter, 2000). A number of economists believe
that the relationship between competition and
innovation has the shape of an inverted U:
introduction of competition into monopolistic
markets enhances innovation until a given level
of market de-concentration. Beyond that point,
higher intensity of competition would reduce
the rents on innovation: atomistic competition
would not necessarily spur innovation.'®

1 Empirical evidence for the ‘inverted-U’ is quite strong (e.g. Scherer, 1967;
Scott, 1984; Levin et al., 1985; Caves and Barton, 1990; Green and Mayes,
1991; Caves et al., 1992; Aghion et al., 2002).
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Bayoumi et al. (2004) note that the US has a lower
regulatory burden than other countries, which is
reflected in more competitive markets and lower
markups. They use a general equilibrium model to
assess the macroeconomic effects of increased
competition in Europe. Bayoumi et al. (op cit.) esti-
mate that an increase in competition in labour and
product markets to US levels could boost GDP in
the euro area by more than 12 %, as both invest-
ment and hours worked would rise markedly (over
20 % and 10 9%, respectively). This is an important
empirical finding and suggests that incompletely
competitive markets in the EU are leading to sub-
optimal economic performance.

Scarpetta et al. (2002) find firm-level evidence
suggesting that a stringent regulatory setting in
product markets has a negative effect on productivity
and on market access by (mainly small- and medium-
sized) firms.

Djankov et al. (2000) note that entry regulation
may be acceptable if it leads to higher consumer
welfare in terms of factors such as product quality,
water pollution, death from accidental poisoning or
the size of the unofficial economy. However, the
authors conclude that the opposite seems to hold:
their empirical ‘results are broadly consistent with
the public choice theory that sees regulation as a
mechanism to create rents for politicians and the
firms they support’.

Nicoletti and Scarpetta (2003) estimate the impact of
regulations on multi-factor productivity using indica-
tors of regulation as developed in Nicoletti et al.
(1999). They note that overall regulations have been
substantially reduced since the 1970s. In manufac-
turing, regulatory reforms mostly concerned admin-
istrative simplification and trade liberalisation.
However, reform has been deepest in non-manufac-
turing where, partly due to strong economies of scale
and pervasive market failure, markets were most
restricted by regulations on entry, prices and supply.

Nicoletti and Scarpetta (op cit.) conclude that
economy-wide product market regulations that
curb competition and private governance have a
negative effect on productivity, mainly by slowing
down technological catch-up. This effect s
strongest for countries which are further behind the
technological frontier. They estimate that entry
liberalisation in services should boost annual multi-
factor productivity growth in the overall business
sector by about 0.1-0.2 percentage points in coun-
tries like Portugal, Greece and lItaly.

Within the services sector, major efforts of market
liberalisation have been made in particular in
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network industries: telecommunications, postal
services, electricity, gas, railways and air transport.
In telecommunications, EU legislation imposed full
competition as from January 1998: although market
concentration remains high, prices declined by
about 23 % between 1996 and 2000 (ECB,
2001).2° Liberalisation in the energy sector procee-
ded at a slower pace.

Bains, Dierx, Pichelmann and Roeger (2002) estimate
that the liberalisation of energy and telecommunica-
tions markets resulted in a reduction of some '/,
percentage point in the aggregate economy-wide
mark-up. Evidence for individual countries suggests
generally positive effects of liberalisation (see Gagne-
pain and Marin, 2004, for aviation; Friebel et al.,
2004, for the railroad sector; Arocena and Price,
2002, for electricity generators in Spain).

1.5.3 Environmental regulations

Environmental regulations set standards or incen-
tives which induce enterprises to behave in environ-
mentally responsible ways. They may require enter-
prises to change their production methods and
hence involve compliance costs. The effects on
competitiveness and productivity depend on issues
such as the degree of competition on the market
and the method of financing the compliance costs
(productivity may be affected if environmental
improvements are financed e.g. by cutting research
expenditures). In a survey of several empirical
studies on the impact of environmental regulation
on productivity growth, Jaffe et al. (1995) conclude
that ‘empirical analyses of these productivity effects
have found modest adverse impacts of environ-
mental regulation’.

Gollop and Roberts (1983) report that regulating
the emission of electric utilities lowered total factor
productivity by 0.59 percentage points. Gray
(1987) finds that health, safety and environmental
regulations caused total factor productivity in US
manufacturing industries to decrease by 0.44
percentage points on average (that is, 30 % of the
productivity growth). Conrad and Wastl (1995) find
a smaller but growing negative impact of environ-
mental regulations on total factor productivity in
German manufacturing industries. Gray and Shad-
begian (1998) show that regulation crowds out
more productive investments in other areas.

Porter (1990) and Porter and van der Linden (1995)
challenge the conventional view of the exclusively

20 See also European Commission (2003d).
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negative productivity impact of environmental
regulations. Porter and van der Linden (op cit.)
maintain that strict regulations, if properly
designed, can stimulate firms to discover cost-effec-
tive ways of complying with environmental regula-
tion. The revenues from such innovations can
outweigh the compliance costs. Furthermore, firms
may gain first-mover advantages through the devel-
opment of environmental technology which can be
beneficial later on when also other countries intro-
duce stricter environmental legislation. Porter and
van der Linden (op cit.) present case study evidence
in support of their hypothesis.

Porter and van Linden’s (op cit.) work has triggered
a huge body of literature (see for example Haq et al.
2001; Xepapadeas and de Zeeuw, 1999; Koppl and
Pichl, 1997; and Palmer, Oates and Portney, 1995).
Critiques of the 'Porter hypothesis’ — regulations
stimulate firms to become more innovative — argue
that within rational economic modelling, it cannot
be explained why firms would not see the opportu-
nities for cost-reducing innovations by themselves
in the absence of regulation. Palmer, Oates and
Portney (1995) point out that the message of cost-
less regulation in Porter and van der Linden (op cit.)
distracts attention from the cost-benefit-analysis
which should be at the core of policy decisions.

An increasing number of contributions lend support
to the ‘Porter Hypothesis’. OECD (2001, 9), in
reviewing the environmental achievements of its
member countries, notes that ‘environmental poli-
cies have often provided positive incentives for
economic restructuring and technological innova-
tion.” According to Lanoie, Patry and Lajeunesse
(2001), while current environmental regulation
lowers total factor productivity growth, past regula-
tions have a positive impact on productivity. Esty
and Porter (2001) find a relationship between envi-
ronmental regulation and competitiveness at
country level. Using an international database on
environmental performance, environmental regula-
tory regimes, economic and legal framework and
economic competitiveness, they find ‘no evidence
that improving environmental quality compromises
economic progress’. On the contrary, strong envi-
ronmental performance appears to be positively
correlated with competitiveness.

1.6 Concluding remarks

This Chapter has discussed various ways in which
government interventions affect productivity and
economic growth. The importance of a high-quality
public service for national competitiveness is widely
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recognised: it reaches from the role of the public sector
as an efficient producer of public services to the effects
of modern infrastructure, education and public
research, to taxation and the regulatory system.

In many cases, the productivity effects of govern-
ment action come as a by-product of policies which
primarily target other goals. Productivity effects
may be positive or negative; where trade-offs are
unavoidable, awareness of the costs and benefits
helps policy makers in making their choices.

Over the last ten years, most EU Member States
have been under pressure to curb public spending.
Monetary Union and the Stability and Growth Pact
have set norms on public debt and deficits; interna-
tional tax competition makes it difficult to maintain
tax rates significantly above those of other coun-
tries; and the persistently high unemployment rate
has created pressures to reduce taxes on labour
which are likely adversely to affect work incentives.
Moreover, population ageing has forced govern-
ments to take measures to consolidate public
finances in anticipation of the increasing financing
burden of public pensions.

The pressures on financing the public sector call for a
careful assessment of the justification for each type of
public spending. Two conclusions from the review of
empirical studies in this Chapter are worth recalling.
First, there is some cross-country evidence
suggesting that, despite the reforms which have
been carried out in the public sector in recent years,
many countries should be able to provide the same
public services as today at a significantly lower budg-
etary cost by enhancing the efficiency in their provi-
sion. Productivity improvements in the provision of
public services would free resources for other uses.

Secondly, many types of public spending — such as
education, infrastructure, or research — are identi-
fied as having positive effects on the productivity of
private enterprises. However, there is much more
ambiguity surrounding the estimates of the optimal
extent of government spending on each item: while
an increase in government spending may have a
further favourable effect on growth, in some cases
the additional resources might have been in a more
productive use in the private sector. There is some
evidence suggesting that smaller governments are
more efficient than larger ones, which points to the
existence of diminishing marginal products of
public spending.

Governments that wish to increase public spending
are faced with the need to increase taxes or to raise
debt. As a regulator, governments are less directly

——

confronted with the economic costs of the regula-
tions, as these tend to fall on producers or
consumers. Nevertheless, regulatory reforms are
high on the agenda in many countries as well as the
EU where the European Commission has adopted
an action plan for Better Regulation.

This Chapter has omitted the discussion of the links
between productivity and the general institutional
and legal framework. Institutions may have a role in
determining productivity performance, but are
outside the scope of the present Report, as are
industry-specific regulations and the regulation of
labour markets.
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——

Chapter 2:

European Productivity, Innovation

2.1 Introduction

Public scientific research plays a key role in techno-
logical change and consequently in economic
growth. Industrial innovation increasingly draws on
scientific research, in particular in information tech-
nology and biotechnology (OECD, 2001).2

In recent years, a number of trends have emerged,
heightening interest in the economic effects of
public research both in policy and academic circles.
Firstly, budget constraints are leading policymakers
to re-evaluate public spending for R&D. Secondly,
public academic research is being asked to
contribute directly to industrial innovations and
economic performance. However, economic returns
are not the primary purpose of scientific research
(OTA, 1986); specific mission goals such as national
security, public health and the exploration of space
are essential parts of public research spending.?2

Faced with slower growth in overall public funding
and pressure to generate more economic benefits,
some universities have become more entrepre-
neurial in seeking new sources of funding (Mowery
and Sampat, 2002; OECD, 2002). In addition, a
number of EU countries have implemented or
consider implementing policies to strengthen the
linkages between universities and industry in order
to enhance the contributions of university-based
research to innovation and economic performance.
These policies include encouraging the formation of
science parks located nearby universities, spin-offs
based on university research in science and tech-

21 University researchers have significantly contributed to the development of
ATM switches, digital subscriber lines (DSL) technology, search engines,
medical devices such as magnetic resonance imaging machines and lasers for
a broad medical applications, financial services and logistic services (e.g.
portfolio theory, linear programming and derivative pricing theory). Often,
spin-off companies have commercialized much of these developments
(National Academy of Engineering, 2003).

22 For instance, the outcomes and social benefits of public research in health
include longer lives, better health and lower costs of illness.

and Public Sector R&D

nology, as well as policies which attempt to stimu-
late university patenting and licensing activities
(OECD, 2002, Mowery, Sampat, 2002).

Furthermore, the public sector is not only a
performer of R&D, but also an important source of
R&D funding in the business sector. In the
Barcelona European Council 2002, the Member
States decided to intensify their efforts to increase
investment in research and technology develop-
ment and close the growing gap between Europe
and its main competitors. Expenditures on business
sector R&D as a percentage of GDP in the European
Union (EU-15: 1.30 % in 2002) lag significantly
behind the US (1.86 % in 2002) and Japan (2.26 %
in 2001) whereas there is virtually no gap in public
sector expenditures on R&D (including the govern-
ment and higher education sector). The gap in
private research investment between the EU and
the US has alarming consequences for the long-
term potential for innovation, growth and the
creation of employment in Europe. For this reason,
the European Council decided to strive to increase
gross expenditures on R&D from 1.9 % to 3.0 % of
GDP in the European Union by 2010 with industry
contributing two-thirds of the total amount of R&D
expenditures  (European Commission, 2003a;
2003d).

A significant range of public goods is necessary in a
knowledge-driven economy to create the competi-
tive advantage European countries need to
compete successfully with the most dynamic indus-
trial economies in the world. These public goods
include an effective science and technology base,
incentives for knowledge transfer and business
R&D, the support of conditions fostering innova-
tion, and improvements in human capital endow-
ments both through formal education and long-life
training. To achieve these aims European govern-
ments use different mixes of indirect and direct
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measures to stimulate technological activity. Direct
policies include the funding of government R&D
labs, universities or businesses, the investment in
human capital formation as well as the extension of
patent protection and fiscal incentives for R&D (EC
2003a; Griffith, 2000). Other policies not directly
targeted at R&D may also have a positive impact on
the level of R&D expenditure. These measures
include competition policy and regulation in several
sectors, including pharmaceuticals and telecommu-
nications (Griffith, 2000).

The aim of this chapter is to empirically analyse the
influence that public support in the area of research
and innovation might exert on growth and research
output. There are two important features of public
R&D support. Firstly, the public sector is a
performer of R&D conducted in public institutions
such as universities and government laboratories.
Secondly, the public sector is a source of funding for
research activities performed in the private sector.
The first step in the analysis is to test whether R&D
performed in public institutions such as universities
and government laboratories acts as stimulus to
private investment in R&D or whether it crowds
out, or substitutes for, private activity. Another aim
of this chapter is to investigate whether both direct
subsidies and tax incentives are an effective means
of stimulating private investment in R&D. This will
be investigated econometrically using panel data on
EU/OECD countries and industries.

Guellec and van Pottelsberghe (2001) suggest that
considerable caution is needed in drawing policy
conclusions from empirical analysis at the aggregate
level. Therefore, the study will also analyse the impact
of public support for R&D using firm level data.

The Chapter is divided into five sections. Section 2
presents a brief overview of the literature on the
impact of public sector research and government
support for R&D on private R&D spending, on
industrial innovation and on overall productivity
growth. Section 3 describes some recent trends in
government support for R&D and in public sector
R&D spending in the European Union. This section
also provides a detailed empirical analysis of the
impact of public sector research and government
support for R&D. This section’s starting point is the
relationship between industry and government
funding of R&D at the industry and country level
followed by an investigation of the impact of R&D
performed in public institutions on growth and
research output. Section 4 contains two case
studies; the first investigates to what extent public
subsidies and R&D collaboration are effective in
leading to patent applications based on firm level
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data for Finland and Germany. The second case
study concentrates on the experience of Austria and
compares various measures of public support for
innovation. It analyses to what extent the sources of
public support account for higher shares in the sales
of innovative products. Section 5 concludes.

2.2 Theoretical background
and literature review

2.2.1 Justification for public intervention
in R&D and instruments

Innovative activities of private companies are a key
contributor to wealth creation in economies. The
social benefits of R&D are larger than the private
benefits because some of the generated knowledge
can be used not only by the inventing company but
also by its competitors. Therefore, R&D activity
creates externalities which give rise to spill-over
effects. One can speak of externalities when the
action of one party affects the welfare of another
party in ways that do not require payment
according to the existing definition of property
rights. In the case of R&D, the companies bene-
fiting from the general increase in the knowledge
stock do not need to pay for it. While the costs are
fully borne by the inventing company, others can
build on this additional knowledge. Since externali-
ties of R&D activities are positive, firms tend to
under-invest in R&D - they spend less than the
social optimum (cf. Nelson, 1959; Arrow, 1962).
Companies have some leeway to exclude competi-
tors from research results, for example through
patents or secrecy. However, in these cases research
efforts may be wastefully duplicated.

The market failure manifest in the under-provision
of R&D provides a rationale for government inter-
vention whose aim is to raise R&D expenditure
closer to the socially optimal level by making use of
appropriate instruments. Other than R&D directly
performed by the government sector there are two
instruments commonly employed in order to
achieve this social optimum: tax incentives and
grants. Both of these instruments are market-
compatible in the sense that they aim to induce a
change in behaviour rather than trying to
command it. This aim is achieved by altering rela-
tive prices. The input for production that should be
used more heavily, in our case R&D, is made
cheaper. Tax incentives reduce the cost of the R&D
activity and therefore encourage companies to
invest more in R&D. More specifically, it is possible
to allow an immediate write-off of R&D-related

e



02_2004_0531_testo_EN

12-01-2005 14:17 Pagina 47

Chapter 2 — European Productivity, Innovation and Public Sector R&B

expenses, to give R&D tax credits or to allow an
accelerated depreciation of R&D-related invest-
ment. Tax incentives do not discriminate between
R&D projects — they are available for any R&D
activity. This is in contrast with the other important
instrument, grants. Grants usually match private
R&D expenditures at a certain percentage with
public money (matching grants). The government
can select specific projects, for example those from
which it expects large spill-over effects. Grants allow
the government to influence the investment behav-
iour of companies in a more specific way. It can
therefore be an efficient instrument to achieve
specific objectives.

There are important questions that need be asked
about the efficacy of any government intervention.
Since the aim of government intervention when
using these instruments is the increase of private
R&D expenditure, it is necessary to investigate
whether the public money is really spent on addi-
tional R&D activities (also referred to as input addi-
tionality): does this funding motivate companies to
undertake R&D projects that would otherwise not
be pursued? The danger is that instead of under-
taking additional R&D, companies reduce their own
contribution to R&D as they receive the subsidy.
Government intervention can only be deemed
successful if companies previously not engaged in
R&D activities start to innovate or if existing inno-
vators increase their R&D budget.

Even if R&D subsidies are successful in increasing
R&D activity, it is still not certain whether it is actually
socially beneficial to intervene. In addition to input
additionality, it is of importance that public money
leads to an increase in R&D output (output addition-
ality). It is not sufficient that the money is being
spent, there also needs to be a ‘return’ on this money.
The ‘return’ on R&D subsidies could, for example, be
the development of an improved or cheaper product.
In other words, public funding should stimulate inno-
vations that are valued by society.

A first task is therefore to investigate whether public
subsidies increase private R&D spending; or, in other
words, whether public subsidies are a complement or
a substitute for private R&D expenditure. It is useful
to differentiate between total and net R&D spending
at the company level. Total R&D spending is the sum
of private R&D spending (financed exclusively by the
company) and public R&D subsidies. Net R&D
spending concerns only the privately financed part of
total R&D spending. Thus, if a public subsidy
increases net R&D spending, then a relationship of
complementarity is found, indicating that new R&D
projects have been undertaken or that existing R&D
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projects have been enlarged. On the contrary, if a
public subsidy reduces net R&D spending, then a
relationship of substitutability is established (see
David et al., 2000). This indicates that companies
reduce their own contribution to R&D as a response
to the subsidy.23

Economic policy analysis needs to go a step further.
To foster economic growth it is not enough that
resources be spent on innovative activities, it is also
crucial that the innovative activities be successful.
Only in the case of successful innovation activities
will there be a welfare-enhancing effect. An impor-
tant task is therefore the measurement of R&D
output achieved by public subsidies. The research
area of testing the efficacy of public subsidies by
measuring R&D output at the company level is
quite unexplored. Yet it is a necessity if govern-
ments wish to be accountable to taxpayers in the
way they spend their money.

2.2.2 Measuring public intervention
in R&D activity and its impact

Public activity in the area of R&D can be discussed
from two angles. First, it is possible to describe the
actions of the public sector, i.e. to measure the
degree of public intervention. This includes a
discussion of direct R&D expenditures by the public
sector (for example expenditures for higher educa-
tion or civilian and non-civilian R&D) as well as
government instruments aimed at raising the
economy-wide degree of R&D activity (for example
tax subsidies, tax credits and matching grants).
Secondly, it is equally important to assess the
impact (or effects) of public R&D. These impacts
concern both the additional R&D activity induced
in the private sector and the impact of public R&D
efforts on outcomes such as patents, new products
and labour productivity.24

23 |t is not always possible to differentiate between complementarity and substi-

tutability in empirical studies due to lack of information on the size of the
subsidy. Often the available information concerns only total R&D spending
and whether a company receives a subsidy or not. If it is found that public
money increases total R&D spending, it can only be concluded that there is
no total crowding out: a direct (one for one) substitution of public for
private money. When the size of the subsidy is available, complementarity at
the company level can be tested in two ways. In a regression with total R&D
spending as the dependent variable (total R&D = a + § R&D subsidy + €) one
tests for p>1 whereas in a regression with net R&D spending as the
dependent variable (net R&D = a +  R&D subsidy + ¢) one tests for $>0.
24 A main challenge in microeconomic studies measuring the impact of public
innovation intervention is the endogeneity of a company’s decision to
participate in government support programmes. Neither the decision to
apply for a grant nor the probability of receiving a grant is independent of
company characteristics. For example, it is more likely that companies with
outstanding research ideas apply for funding or that the government selects
companies undertaking R&D projects with limited risk and a high success
probability. Another important problem lies in the heterogeneity of compa-
nies. One would expect that companies differ in their reaction to R&D subsi-
dies. For example, the size of the company can be influential. Also, the tech-
nological possibilities differ according to the sector of the company. The
impact of government intervention can also differ according to the general
economic situation: private R&D activity may depend on the economic cycle.
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(A) Measurement of public/government research
and innovation interventions

(a) Government research organisations

The two main public sector R&D performers
comprise higher education and government research
organisations. Government-owned R&D centres are
usually involved in missions in areas such as nuclear
power, agriculture, construction, health and defence
(European Commission 2003b). In recent years, the
environment of government-owned laboratory cen-
tres has changed considerably. These changes can be
seen in the increasing pressure to generate commer-
cial income and technology transfer (Bozeman,
1994; OECD, 2002), in the privatisation or the shift to
private management schemes (Boden et al, 2001), in
the introduction of new business practices and in
reactions to budget constraints imposed by govern-
ments (European Commission, 2003b). In this chap-
ter, the level of R&D activity performed in the
government sector as a proportion of GDP is used as
an indicator of government R&D (GOVERD).

(b) R&D performed by the higher education
sector

Universities and other higher education institutions
are key elements in the science system in all EU
countries. They perform research and train
researchers and other skilled personnel. The role of
universities and scientific research in the innovation
system has broadened in recent years. For example,
according to the OECD, there is a ‘growing
demand for economic relevance’ of research, and
‘universities are under pressure to contribute more
directly to the innovation systems of their national
economies’ (OECD, 1998). In particular, universities
are becoming more dependent on output and
performance criteria and academic research is
increasingly mission-oriented as well as contract-
based (European Commission 2003c; OECD, 1998).
At the same time, universities have established
closer links with business through cooperative
research, networks and exchange of information
(European Commission, 2003c). The other principal
indicator of public sector R&D used in this chapter
is expenditures on R&D in the higher education
sector (or HERD).

When measuring R&D performance in the higher
education and government sector and their evolu-
tion, it should be noted that a large part of the data
for this sector is estimates by national authorities
and that evaluation methods are periodically revised
(see Box 2.2 in section 2.3.1). Furthermore, certain
national characteristics may strongly influence the
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performance of R&D by government and higher
education. For example in France, CRNS (Centre
National de la Recherche Scientifique) is classified as
part of the higher education sector, whereas in Italy,
similar research organisations are treated as part of
the government sector (see OECD 2003, Annex 2).

(¢) Civilian and non-civilian R&D

The benefits of defence R&D spending have been
the subject of an ongoing controversy (Adams,
2004). Supporters of defence R&D have tradition-
ally argued that defence R&D has produced impor-
tant technology spin-offs to the civilian economy.
The Global Positioning System (GPS) is claimed as a
direct result of defence funding. Generations of jet
engines and transport aircraft have been the
product of the concurrent development of military
and civilian applications of common, defence-
funded technologies (Adams, 2004). In this chapter,
a distinction will be made between civilian and non-
civilian R&D government outlays for R&D.

(d) Tax Incentives for R&D

Tax incentives are typically used to provide support
to a broad range of sectors. With tax incentives,
firms decide which R&D projects will be under-
taken. Tax incentives can be more effective in
encouraging long-term expenditures in R&D than
other measures such as R&D subsidies. Further-
more, tax incentives can be less costly and less
burdensome than direct R&D subsidies. Fiscal
incentives for R&D may take various forms. Some
EU countries provide R&D tax credits (European
Commission, 2003a). These are deducted from the
corporate income tax and are applicable either to
the level of R&D expenditures or to the increase in
these expenditures with respect to a given base. In
addition, some countries allow for the accelerated
depreciation of investment in machinery, equip-
ment, and buildings devoted to R&D activities. The
generosity of R&D tax incentives can be measured
by the B-index (Warda, 1996, 2002).2> This is a
composite index computed as the present value of
income before taxes necessary to cover the initial
cost of R&D investment and to pay the corporate
income tax so that it becomes profitable to perform
research activities. Alternatively, the generosity of
R&D tax incentives can be measured by annual
R&D tax credits.

25 The B-index is computed as the after-tax cost of a one Euro expenditure on R&D
divided by one less the corporate income tax rate. The after-tax cost is the net
cost of investing in R&D, taking account of all available tax incentives (corporate
income tax rates, R&D tax credits and allowances, depreciation rates).
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(e) R&D and innovation subsidies

Government-funded R&D performed by business
firms primarily consists of contracts and non-
repayable grants. Other forms of support are guar-
antees for bank loans, conditional loans and
training grants. Government programs allocating
direct subsidies are based on specific selection
criteria. Firms applying for R&D projects must fulfil
some predefined criteria in order to be funded. The
indicators used in this study include government-
funded BERD (Business Expenditure in R&D) as a
percentage of total BERD and as a percentage of
GDP and, alternatively, the level of R&D subsidies at
the micro-level.

(B) Impact measures for public/government
research and innovation intervention

(a) Private sector R&D expenditure

R&D expenditure is an indication of the level of
R&D activity in an economy. It shows the amount
of resources spent to increase the knowledge base.
It is generally safe to assume that higher expendi-
ture levels lead to higher gains in knowledge. R&D
expenditure is widely used in empirical analyses to
measure the magnitude of R&D activity on the
company or the country level.

(b) Private sector innovation expenditure

Innovation expenditure is a broader concept than
R&D expenditure. It recognises that successful
product improvements require more activities than
comprised under the heading of R&D expenditure.
Innovation?® expenditure also includes the purchase
of patents and licenses, trial production and
tooling-up, training of personnel, the acquisition of
embodied technology, industrial design and market
research.

(c¢) Patents

The number of patent applications is an indicator
for the success of the innovative activities of a
company, since patents relate directly to technolog-
ical enhancements. As such, they are an indication
of the increase in the knowledge stock of an
economy. Additional knowledge is an important

26 The Oslo Manual (Eurostat/OECD, 1997) defines the term ‘innovation’ as
follows: ‘Technological product and process (TPP) innovations comprise
implemented technologically new products and processes and significant
technological improvements in products and processes. A TPP innovation has
been implemented if it has been introduced on the market (product innova-
tion) or used within a production process (process innovation). TPP innova-
tions involve a series of scientific, technological, organisational, financial and
commercial activities’ (p. 47).

contributor to economic growth. As governments
are interested in bringing the generation of knowl-
edge to a socially optimal level, patents are a useful
indicator to judge the success of these endeavours.
The short time-lag between R&D activity and
patent application adds to its attractiveness as indi-
cator for policy evaluations. National patent offices
and the European patent office publish data on the
number of patent applications that they receive.
Because the data includes the name of the appli-
cant, it is possible to relate the patent applications
to specific companies for a deeper analysis. An
important advantage for empirical research is the
widespread availability of this indicator — patent
office data is available for all developed countries.
Furthermore, since this measure is a by-product of
an administrative process, it is of high accuracy.
Because of these advantages, ‘raw patent counts are
generally accepted as one of the most appropriate
indicators that enable researchers to compare the
inventive or innovative performance of companies’
(Hagedoorn, Cloodt, 2003, p. 1368). A possible
drawback of this indicator is that patents are also
used for strategic purposes that go beyond mere
protection against appropriability by others. There-
fore, firm may patent useless inventions merely to
signal their presence to competitors, to discourage
new entrants, or to enter into cross-licensing agree-
ments. Some firms prefer not to patent, keep their
inventions secret and exploit the time lead on
competitors to reap profits from their inventions.

(d) Products new to the firm

The Community Innovation Surveys (CIS) provide
the share in total sales due to new or improved prod-
ucts as a measure of innovation output. The term
‘new products’ describes a product with new charac-
teristics derived from the combination of existing
technologies or from entirely new technologies.
Cellular telephones with internet access are consid-
ered new products while cellular telephones that
differ from old ones only by their shape or colour are
not considered new. An improved product is a
product with enhanced or upgraded performances,
like ABS braking systems or cordless telephones. Most
economists would agree that consumer utility
increases as the number of products to choose from
increases. Likewise, the productivity of firms is likely
to increase with the range of intermediate inputs, as
modelled in endogenous growth models. In the end,
innovation outputs are a better innovation perform-
ance indicator than innovation inputs like R&D or
innovation expenditures.

The share in sales due to new products can be
considered as a sales weighted average of the
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number of new products. New products are not
collected on a systematic basis, whereas sales values
on new products are easier to measure. Moreover,
the simple count of new products does not account
for differences in their value. In the share of innova-
tive sales, a product innovation receives more
weight if it is successful in the market, just like cita-
tion-based patents put more weight in the patents
that receive more forward citations. However, the
measurement of product innovation by the share of
innovative sales has one major drawback: it may
favour smaller firms, especially start-up firms, whose
total sales is mainly composed of new products
even though the absolute sales due to new prod-
ucts is much lower than for some larger firms
producing predominantly unchanged products.?”

(e) Products new to the market

The Community Innovation Surveys distinguish
between products new to the firm and products
new to the market. The former correspond to prod-
ucts that the firm introduces for the first time in the
market, but that are not new to the market. The
latter correspond to entirely new products that do
not yet existed on the market. This distinction is
important because it separates true innovation from
imitation. The reasoning behind this distinction is
that the impact on the economy is different
depending on whether the first product of its kind is
introduced (e.g. the mobile phone) or whether
merely a different brand of an existing product is
being produced. Products new to the market
express radical innovations offering opportunities
for further imitation. Products new to the firm, but
not new to the market, instead signal diffusion of
new products in the economy. While both notions
are interesting to analyse, true innovations measure
more fundamental innovation output with poten-
tially more long-lasting effects.

(f) GDP per capita/labour productivity growth
and other output measures of public sector
research

At least some part of the increase in labour produc-
tivity or in GDP per capita can be assumed to reflect
the impact of both public and private sector R&D. It
is clear that government and university R&D have a
direct effect on scientific and basic knowledge.
However, modelling and measuring the productivity
effects of public sector R&D is a difficult task. There
are a number of reasons why it is difficult to
measure rates of return on public sector R&D. It is

27 For a discussion of various measures of product innovation, see Kleinknecht
(1999).
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well known that public research takes a long time to
affect production. Furthermore, public sector
research may be undertaken for non-economic
reasons and often produces public goods (Smith,
1991). In some cases the productivity effects of
public research cannot be measured because the
results are not accounted for in GDP (Guellec, van
Pottelsberghe, 2003b). For example, health-related
research improves the length and quality of life
which is not taken into account in GDP measures.
Overall, the expected effect of public sector R&D is
positive, yet it remains unclear whether the impact
is similar to private R&D. There are reasons to
suppose that public R&D expenditures might be
less productive at the margin if misdirected
according to political, rent-seeking objectives.
However, there are also reasons for a higher
productivity of public R&D expenditures because
the higher education sector concentrates more on
basic research known to generate more externalities
(Guellec, van Pottelsberghe, 2003b).

The principal output of university and government
research is new knowledge - an output that is diffi-
cult to measure. The economically important
outputs of university research include, among
others, scientific and technological information,
equipment and instrumentation, skills and human
capital, networks of scientific and technological
capabilities and prototypes for new products and
processes (Sampat, 2003). Several useful indicators
and proxies of the outputs of public research exist
(see Box 2.1). One such indicator is publication
counts. This indicator is frequently used to measure
stocks and flows in the world knowledge base. Most

Box 2.1: Outputs of university research

The outputs of academic research can be classified into two
major categories (National Science Foundation, 1998):

(i) Published outputs of academic research in referred
journals

(a) the output volume of research using article
counts

(b) patterns of research collaboration using multi-
author articles

(c) the use of research outputs in subsequent
scientific research using citation counts

(d) the potential practical utility of these research
outputs using citation to these articles on
patents;

(i) Patents issued to universities and colleges, i.e. the
number and types of patents and revenue generated
by patents and licenses.
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publications result from research carried out by the
academic sector. Besides the direct outcome of
public sector research — publications and patents -
the other outcomes occur through licensing and by
creating spin-offs. However, it is important to keep
in mind that patents are one of many channels
through which university research contributes to
innovation output. In a survey of R&D managers of
firms in the U.S. manufacturing sector, Cohen,
Nelson, and Walsh (2002) asked respondents to
rank different channels through which they learn
from university research. The authors found that in
most industries, the channels reported to be most
important were publications, conferences, and
informal information exchange. Patents and licenses
ranked near the bottom of the list.

In this chapter, scientific/research productivity is
measured as outputs and outcomes related to
inputs. The average number of papers produced by
the researchers (or alternatively, number of papers
in relation to public sector R&D as a percentage of
GDP) is used as an indicator. The relevance and
‘impact’ of those publications can be measured by
looking at the (relative) quantity of citations these
publications receive from other, later, publications.
Here we rely on citations relative to higher educa-
tion sector expenditures on R&D and citations rela-
tive to the sum of HERD and government sector
expenditures on R&D.

(g) Overview on further impact measures

Some other impact measures for public innovation
intervention are available. First, innovation output
can take the shape of new processes instead of new
products. New processes allow existing products to
be produced in a cheaper way, or more efficiently in
terms of work safety or environmental protection.
Second, the Community Innovation Surveys also
contain information on ongoing innovation activi-
ties that have not yet lead to new products and
processes, or that have failed to produce new prod-
ucts or processes. This is an indirect measure of
innovation inputs. Third, CIS 3 asks firms explicitly
about organisational innovations, i.e. changes in the
way to do business. Fourth, another outcome of
R&D activity is cost reduction. If cost reduction
leads to lower prices, then the consumer surplus
increases, whereas the producer surplus increases if
prices are kept constant. This output of R&D is
especially hard to measure because many additional
factors influence cost reductions. Fifth, the count of
patent applications gives equal weight to every
innovation. By using patent counts that are
weighted by the number of citations that the patent
later received, it is possible to give more weight to

more significant innovations. Sixth, by econometric
methods, one can estimate the capacity that a firm
has to innovate and its intensity of innovation once
it has reached the minimum capacity to innovate. It
is then possible to construct from the estimates of
both these two facets of innovation an expected
innovation intensity for any firm given its character-
istics (see Mohnen and Dagenais, 2002 and
Mairesse and Mohnen, 2002).

2.2.3 Overview of the literature
on the impact of public intervention

2.2.3.1 Impact of public sector research
on industrial innovation, scientific output
and overall productivity

The empirical literature on the effectiveness of
public R&D spending investigates either its impact
on output/productivity growth or its stimulative
effect on business R&D. However, few studies inves-
tigate in detail the effects of research performed in
the public sector. Bassanini and Scarpetta (2002)
have reported cross-country regressions that
suggest a negative return on public sector R&D.
Subsequent research showed that the results of this
study may be misleading because it fails to account
for the time delay between public R&D and produc-
tivity outcomes. Guellec and van Pottelsberghe
(2003a) explicitly examine the productivity effects
of public sector R&D using panel data across 16
OECD countries. In particular, the authors analyse
the relationship between national total factor
productivity (TFP) levels and three distinct stocks of
R&D capital based on (i) domestic business-
performed R&D; ii) foreign business-performed
R&D; and iii) public R&D performed in the higher
education sector and in the government sector
(public laboratories). They find evidence for lagged
effects with a three-year time lag for the initial
impact of public sector R&D capital. The long-run
elasticities of total factor productivity with respect to
public sector R&D and business sector R&D capital are
on average 0.17 and 0.13, respectively. Thus, the
long run impact of R&D seems to be higher when it
is performed by the public sector than when it is
performed by the private sector. Furthermore, the
elasticity is higher for countries with a relatively
large share of university-performed research
compared to government laboratory research. The
authors interpret this finding as evidence ‘that
much government performed R&D is aimed at
public missions that do not impact directly on
productivity (health, environment), whereas univer-
sities are providing the basic knowledge that is used
in later stages by industry to perform technological
innovation’. The elasticity of public research is also
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higher where the business R&D intensity is relatively
high, indicating that the spillover benefits of public
research are complementary with corporate re-
search activities.

Another strand of the literature in this field investi-
gates what proportion of firm’s products could not
have been developed without academic research.
Mansfield (1991) illustrates the importance of
academic research to the advance in industrial inno-
vation using U.S firm data in seven manufacturing
industries: information processing, electrical equip-
ment, chemicals, instruments, drugs, metals, and
oil. The author finds that about 11 % of the firms’
new products and about 9 % of their new processes
could not have been developed without substantial
delay in the absence of recent academic research.
Mansfield (1991) also identified inter-industry differ-
ences: the percentages of new products and
processes steaming from recent academic research
are highest in the drug industry. The average time
lag between the conclusion of the relevant
academic research and the first commercial intro-
duction of the innovations based on this research
was about 7 years. Finally, Mansfield (1991) esti-
mated that the social rate of return from academic
research in 1975-78 was 28 %. Using a large
sample of German firms, Beise and Stahl (1999) find
that about 5 % of new product sales could not have
developed without academic research. Overall, one
can conclude that academic research (e.g. scientific
and engineering research) has a direct and signifi-
cant impact on new products and processes and
thus indirectly contributes to economic growth and
productivity. Using time-series data for the US,
Adams (1990) finds that there is a 20-year lag
between the appearance of research in the
academic community and its effect on productivity
as measured by industry-absorbed knowledge.

Another strand of the literature addresses the
spillover effect of academic research performed by
universities and government research organisations
(see Salter and Martin, 2001). The importance of
universities in promoting technical change and
innovation is widely recognized. Studies by Acz,
Audretsch and Feldman (1992), Jaffe (1989) and
Nelson (1986) have found a significant role for
academic research in the innovation process. Jaffe
(1989) has shown at a state level in the US that
university research causes industry R&D and not
vice versa. Another line of previous research of this
type has utilised patent citations to identify positive
knowledge spillovers. Studies, carried out in the US
in particular, show that patents now rely more on
academic scientific publications than they did in the
past. Exploring the relationship among patent text
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and the published research literature the authors
find that only 27 % of the papers cited by US
industry patents are authored by industrial scientists
against 73 % written at institutions such as universi-
ties, government labs and other public agencies,
both in the US and abroad (Narin et al., 1997).
However, little work on this topic has been done for
the EU.

The relationship between academic research and
industrial innovation also depends on the structure
of industry. A summary table developed by Marsili
(1999) illustrates the patterns across industries. The
author classified industries in terms of the contribu-
tion of academic research to innovation in each
sector from very high to low (see Table 2.1). Not
surprisingly, examples of industries that have been
closely related to academic knowledge include
computer hardware and software, biotechnology
and pharmaceuticals.

2.2.3.2 Review of studies/reports on the impact
of public/government innovation intervention
on private R&D expenditures and innovation
output

Macroeconomic studies

Macroeconomic studies typically exploit the time
variation in the data. They use private R&D
spending at the country or industry level and
regress it on public R&D spending at the same level
of aggregation. To avoid a spurious relationship
between both variables, it is important to control
for macroeconomic influences that can affect both
private and public R&D (David et al., 2000).

The effect of public basic research on private basic
research has been analysed for the US by Robson
(1993) and Diamond (1998). Both authors find an
effect of complementarity. There are also studies at
country level for panels of OECD countries (Levy,
1990; von Tunzelmann and Martin, 1998) and at
the industry level for Spanish data (Callejon and
Garcia-Quevedo, 2003). For the majority of cases,
complementary effects are found.

Guellec and van Pottelsberghe (2003b) examine the
effect of government funding on business R&D
across 17 OECD countries for the period 1981-
1996. The authors report that government funding
stimulates business R&D expenditure (BERD) if the
government research is contracted to the business
sector, but tends to partially crowd out BERD when
performed in government laboratories. BERD is not
affected by university research. They also find that
tax incentives are effective in stimulating BERD.
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Table 2.1: The role of academic research in different industries

Contribution of
Academic Research

Development Activities
Engineering Disciplines (mainly tacit)

Research-based Activities
Basic and Applied Science

Very high Computers Pharmaceuticals
High Aerospace Petroleum
Motor vehicles Chemicals
Telecommunications and electronics Food
Electrical equipment
Medium Instruments Basic metals
Non electrical machinery Building materials
Low Metal products Textiles
Rubber and plastic products Paper

Relevant scientific fields

Mechanical and Electrical Engineering

Mathematics, Computer Science,

Biology, Chemistry,
Chemical Engineering

Source: Adapted from Marisili (1999) cited in Salter and Martin (2001).

Guellec and van Pottelsberghe (2003b) quantify the
average stimulatory effect of direct government
funding of private R&D as a 0.70 marginal increase
in business funded R&D for each dollar of direct
non-defence government funding. This effect is
found to be higher for those OECD countries with
medium levels of subsidisation than for countries,
such as Australia, with lower levels of public
funding. Defence research carried out in the public
sector does crowd out private R&D. They also
report that the positive impact of government
support on corporate research — through both
direct funding and R&D tax incentives — is substan-
tially enhanced when the levels of support are
stable over time.

A related strand of literature investigates the impact
of tax incentives for R&D on private expenditures.
For instance, Bloom, Griffith and van Reenen (2002)
examined the impact of taxes on R&D in eight
countries over a 15 year period. They find that the
considerable variation in the user cost of R&D
within and across countries is induced by the very
different tax systems. The econometric analysis
suggest a quite substantial long-run elasticity of
R&D with respect to user costs of about -1.0 after
controlling for demand, country-specific fixed
effects and world macroeconomic shocks. This
suggests that a 1 % decrease in the user cost of
R&D will lead to a 1 % increase in R&D expendi-
ture. In a review of the literature, Hall and van
Reenen (2000) conclude that the most plausible
estimate of the long-run elasticity of R&D with
respect to user costs of R&D is about -1.0.

Microeconomic studies

A crucial advantage of microeconomic studies is
their ability to control for differences at the industry
and company level. The industries can differ in the
technological opportunities and in the appropri-
ability of returns from innovation. Depending on
the company size, one can expect important differ-
ences in innovative activities across companies.
Studies in this area typically concentrate on one
country and sometimes on a specific industry within
a country.

Microeconomic studies using private R&D activity
as an impact measure of public innovation interven-
tion pose strong requirements on data availability.
They require information on company characteris-
tics and on public R&D subsidies. These studies
have mostly been conducted for European countries
and the US. The dependent variable of interest is
usually the private R&D expenditure, and the ques-
tion studied is whether public R&D subsidies
succeed in raising private R&D expenditure. Some
studies also use the R&D or innovation intensity as
dependent variable.

Analyses of Spanish firms find a positive effect of
subsidies on private R&D expenditures (Busom,
2000; Gonzalez et al., 2004). These results are also
confirmed by analyses of the German grant system
(e.g. Licht and Stadler, 2003). The effect of R&D
subsidies has also been tested for Israeli and French
companies, again with a positive result. Toivanen and
Niininen (2000) concentrate on the relationship

e
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between credit constraints and the effectiveness of
R&D subsidies. Their empirical study of Finnish firms
suggests that R&D subsidies are most effective when
directed at firms affected by modest credit
constraints. For the US, the Small Business Innovation
Research Programme has been evaluated (Wallsten,
2000) and the author comes to the opposite conclu-
sion: R&D grants are found to crowd out private R&D
expenditure dollar for dollar.

Summing up, the majority of studies on the rela-
tionship between public and private funding of
R&D finds that no complete crowding out takes
place. Due to data restrictions, some analyses
cannot differentiate between ‘no complete
crowding out’ and ‘complementarity’. But among
the studies that are able to do so, many find indeed
that public R&D and private R&D are in a comple-
mentary relationship. This is an important result in
favour of government activities aiming to raise the
economy-wide level of innovative activities.

2.3 The impact of public
sector R&D and government
support for R&D in the EU

2.3.1 General trends in public R&D

This section starts with a brief overview of the major
trends in public sector R&D and publicly funded
business enterprise sector R&D (for an extensive
overview see European Commission, 2003b).
Research and development activities in all EU coun-
tries are performed primarily by three sectors: busi-
ness, institutions of higher education (primarily
universities) and government institutions (see Box
2.2 for definitions of measures). While the EU-15
(1.30 %) lags significantly behind the US (1.86 %)
and Japan (2.26 %) in terms of business sector R&D
expenditure as a percentage of GDP, there is virtu-
ally no gap in public sector expenditures on R&D
(including the government and higher education
sector) which range between 0.68 % of GDP in the
EU-15 and 0.65 % in the US in 2002 (see Table
2.2). However, both public sector and private sector
expenditures on R&D are significantly lower in the
new EU Member States than in the EU-15 at about
0.44 % and 0.39 % in 2000, respectively (see Table
2.2). In the new EU Member States the lower ratio
of public sector R&D expenditures to GDP is mainly
due to the low ratio of R&D performed by the
higher education sector (HERD) to GDP. Further-
more, in the EU-15, HERD increased steadily relative
to GDP over the 1980s and 1990s with a slowdown
in the mid-1990s (see Graph 2.1). The ratio of

——

HERD to GDP reached 0.42 % in 2002 compared to
0.30 % in 1981. There seems to be a similar trend
in the US, although the level is underestimated (see
Box 2.2).

Box 2.2: Measuring public R&D expenditures

The public sector is a source of R&D funding and also
a performer of R&D activity. When measuring public
sector R&D by performing sector, it is useful to distin-
guish between the higher education sector and the
government sector expenditures on R&D, HERD and
GOVERD, respectively. It should be noted that values
for the US and Sweden are seriously underestimated
(OECD, 2003; European Commission, 2003b).

Data on GBAORD (government appropriations or
outlay for R&D) concerns all appropriations by central
government allocated to R&D in federal/central
government budgets to be carried out in one of the
four sector of performance — business enterprise,
higher education, government and private non-profit
sector. Data on government R&D appropriations there-
fore refers to budget provisions, not to actual expendi-
ture, i.e. GBAORD measures government support for
R&D using data collected from budgets. Data on
GBAORD provides an indicator of the relative impor-
tance of various socio-economic objectives such as
defence R&D, health R&D and environmental R&D in
total public R&D spending (OECD, 2003; European
Commission, 2003b).

Business expenditures on R&D (BERD) are the key
component of all R&D activities. Funding for business
R&D can come from any one of four sources: domestic
business, government, other national institutions (for
example charities funding medical research) and
abroad; ‘abroad’ includes foreign businesses and
foreign subsidiaries of domestic businesses.

In the EU-15, government sector expenditures on
R&D as a percentage of GDP dropped from 0.32 % to
0.20 % during the same period, with the majority of
this fall occurring during the 1990s - see Graph 2.1.
The decline in funding for government labs in the EU-
15 is largely due to drastic reductions in funding for
government research organisations in countries such
as France and the UK (OECD, 2002). It may also
reflect restructuring of some government labs.

There is indication that the gap between the EU-15
and the US in terms of the ratio of BERD to GDP has
increased significantly between 1995 and 2000 but
decreased afterwards - see Graph 2.1. It should be
noted that in EU countries the R&D expenditures of
the higher education sector are primarily financed
through public funding. However, the share of
industry funding in the higher education sector
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Table 2.2: R&D expenditures by performing sector (in percent of GDP)

1998 1999 2000 2001 2002
EU-15
Government sector 0.28 0.26 0.26 0.25 0.26
Higher education sector 0.39 0.39 0.40 0.41 0.42
Public sector 0.67 0.65 0.66 0.66 0.68
Business enterprise sector 1.20 1.25 1.27 1.30 1.30
New EU Member States
Government sector 0.25 0.25 0.24
Higher education sector 0.18 0.18 0.20
Public sector 0.43 0.43 0.44
Business enterprise sector 0.40 0.40 0.39
us
Government sector 0.20 0.20 0.19 0.21 0.23
Higher education sector 0.36 0.36 0.37 0.39 0.42
Public sector 0.56 0.56 0.56 0.60 0.65
Business enterprise sector 1.93 1.97 2.03 1.99 1.86
Japan
Government sector 0.27 0.29 0.30 0.29
Higher education sector 0.44 0.44 0.43 0.44
Public sector 0.71 0.73 0.73 0.73
Business enterprise sector 2.10 2.10 2.12 2.26

Notes: The new EU Members States include CY, CZ, EE, HU, LV, LT, MT, PL, SK and SI.

Source: Eurostat, New Cronos and OECD, MSTI.

more than doubled between 1981 and 2001
(OECD, 2002). At the beginning of the 1990s, the
EU-15 average for the share of HERD financed by
the government was around 89 %. At the end of
1990s, the share of HERD financed by the govern-
ment decreased slightly to 81 9% (European
Commission, 2003b). In the US, the share of HERD
financed by the government decreased from 74 %
to 71 % in the same period.

Measured as a percentage of GDP, public sector R&D
spending (including the government and higher
education sector) is highest in Finland, Sweden,
France and the Netherlands. It is lowest in Portugal,
Greece, Spain, Ireland, Luxembourg and in the new
EU Member States - see Graph 2.2. Expenditures on

R&D in the higher education sector are highest in
Sweden, Finland, Austria and the Netherlands with a
share in GDP of 0.5 % and more. Public sector and
private sector R&D expenditures are positively
related across countries.?®. Countries with a higher
ratio of expenditures on R&D in the higher education
sector to GDP tend to have a higher ratio of business
sector R&D expenditures to GDP but the correlation
coefficient between the government expenditures on
R&D and business sector R&D is not statistically
significant at the 5 % level. Countries with a low
initial level of public sector R&D (e.g. Portugal,
Greece, Spain and Ireland) recorded the highest

28 HERD and business R&D have a correlation coefficient of 0.72 and a p-value
of 0.01 based on 25 EU countries, US and Japan.

Table 2.3: Trends in civilian and non-civilian GBAORD (in percent of GDP)

total GBAORD, % GDP

Civil GBAORD, % GDP

non Civil GBAORD, % GDP

1995 2001 1995 2001 1995 2001
EU 15 0.83 0.75 0.69 0.63 0.11 0.13
EU 25 0.80 0.74
United States 0.93 0.86 0.43 0.41 0.50 0.45
Japan 0.50 0.68 0.47 0.65 0.03 0.03

Source: Eurostat, New Cronos.
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55



02_2004_0531_testo EN 12-01-2005 14:17 Pagina 56 $

European competitiveness report 2004

Graph 2.1: Evolution of R&D expenditure by performing sector
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Graph 2.2: R&D by performing sector, 2001
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Note: GOVERD stands for Government sector expenditures in R&D.
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growth during the period 1995-2001. Some smaller
EU countries (e.g. Finland and Denmark) also experi-
enced an increase in public sector R&D (see Euro-
pean Commission, 2003b).

In 2001, the government budget appropriations or
outlays for R&D (GBAORD) in EU-15, Japan and US
amounted to 0.75 %, 0.68 % and 0.86 % of their
GDP, respectively. It is well known that the EU has a
smaller share of GBAORD devoted to defence
compared to the US. In contrast, in the US, defence
objective represents a substantial part of the total
GBAORD and amounted to 0.45 % of GDP in 2001
compared to 0.13 % in the EU-15 - see Table 2.3

Given the significance of business R&D (BERD) as a
component of all R&D activities, it is worth looking at
the trends in government support for business R&D.
Government support for business R&D includes direct
R&D subsidies and fiscal incentives for R&D. In terms
of direct subsidies, funding from government is a
small component of total business R&D expenditures.
Rates of government funding of business R&D range
from 8 % in the EU-15 to 10 % in the US. The
majority of business R&D expenditures are financed
by domestic business. In 2001, funding from govern-
ment sources accounted only for 0.1 % of GDP in the
EU-15 and 0.19 % in the US - see Table 2.4. Both in
the EU-15 and in the US, the ratio of government-
funded BERD to GDP has constantly decreased during
the period 1981-2001, especially during the first half
of the 1990s. This decline has been more
pronounced in the US — see Table 2.4.

Graph 2.3 shows the change in the intensity of
business performed R&D by source of funds across

——

individual EU Member States. It is clear that the
increases in the intensity of business sector R&D in
some smaller Member States are largely driven by
domestic industry funding, followed by foreign
sources. The contribution of financing from govern-
ment seems to be negligible. The US also saw large
increases in business R&D, despite significant reduc-
tions in government financing. In several other
large EU Member Sates, including Italy and the UK,
both industry and government financed R&D
declined as share of GDP.

Policies that directly target R&D include tax incen-
tives for R&D. The generosity of R&D tax incentives
can be measured by the B-index (Warda 1996,
2002, see also section 2.2.2). The relative
generosity of R&D tax incentives differs significantly
across the EU. According to this indicator, Spain
and Portugal, have the most generous fiscal incen-
tives for R&D - see Table 2.5. The least favourable
tax environment can be found in Germany,
Sweden, Belgium and Finland. Overall, there has
been a significant increase in generosity of R&D tax
incentives in the large company category in
Portugal, Spain and the UK between 1995 and
2001. Furthermore, the UK, France and Japan signif-
icantly improved the attractiveness of their R&D tax
systems in the period 2000-2004.2°

Graph 2.4 shows the relative importance of direct
and indirect financing (tax incentives) of business
R&D as well as the costs associated with changes in

2% France introduced the new Research Tax Credit 2004 (Crédit d’Impot
Recherche — CIR 2004). More information can be downloaded from the
website of the Ministere délégué a la Recherche, http://www.recherche.
gouv.fr/.

Table 2.4: BERD by source of funds, 1981-2001 (as percent of GDP)

1981 1990 1995 2001
Business enterprise expenditure on R&D (BERD)
EU-15 1.11 1.30 1.19 1.30
us 1.66 1.89 1.66 1.99
Japan 1.40 2.1 1.89 2.26
Government financed BERD
EU-15 0.21 0.19 0.13 0.10
us 0.52 0.48 0.30 0.19
Japan 0.03 0.03 0.03 0.02
BERD financed by industry, abroad and other sources
EU-15 0.90 1.11 1.06 1.20
us 1.14 1.41 1.36 1.80
Japan 1.37 2.08 1.86 2.24

Source: Eurostat, New Cronos and OECD, MSTI.
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Graph 2.3: Change in BERD in % of GDP by source of funds, EU, US and Japan, 1990-2001
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Table 2.5: Rate of tax incentives for € 1 of R&D in 2001

Large firms SMEs
2001 change between 2001
1995-2001

Belgium -0.01 0.00 -0.01
Denmark 0.11 -0.02 0.11
Germany -0.02 0.03 -0.02
Spain 0.44 0.16 0.44
Greece -0.01 -0.01
France 0.06 -0.02 0.06
Ireland 0.00 0.00 0.00
Italy -0.03 0.03 0.44
Netherlands 0.10 0.00 0.35
Austria 0.12 0.05 0.12
Portugal 0.34 0.36 0.34
Finland -0.01 0.00 -0.01
Sweden -0.01 0.00 -0.01
UK 0.10 0.10 0.11
EU (unweighted average) 0.08 0.05 0.14
us 0.07 0.09 0.07
Japan 0.01 0.02 0.12

Notes: Tax incentives are calculated as 1 minus the B-index. For example, in Spain, 1 unit of R&D expenditure by large firms results in 0.44 unit
of tax relief.

Source: OECD, STI/EAS Division, May 2003.
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Graph 2.4: Direct and indirect financing of business R&D and additional costs of changes in R&D tax
credit regimes since 2002 (as percentage of business R&D)
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Source: OECD, MSTI, Rammer et al. (2003).

R&D tax credit regimes since 2002 for a group of
selected countries. Estimates indicate that in France
the costs of R&D tax credits will increase from 2.7
to 4.7 % of total industry R&D expenditures due to
the reform of the R&D tax system. In the UK the
costs of the introduction of the new R&D tax credit
regime in 2000 and 2002 were equivalent to 4 % of
total industry R&D expenditures. In Japan a new
volume-based R&D tax credit was introduced as an
alternative to the existing incremental R&D tax
credit starting from fiscal year 2003. This raises the
costs to government of the R&D tax credit from
0.3 % to 4 % of total industry R&D expenditures. In
the US, in contrast, R&D tax incentives represent
1.6 % of total industry spending. The costs will
slightly increase from 1.6 % to 1.9 % as a result of
the introduction of the alternative incremental
credit regime.

In the new Member States tax incentives for R&D
receive a low priority (European Commission,
2001). However, in those countries overall corpo-

rate tax ratios are already very low compared to the
EU-15 countries.

The mix of direct financing and tax incentives for
business R&D varies considerably across EU coun-
tries (see OECD, 2002; European Commission,
2003a). For example, with regard to large manufac-
turing firms, France and the UK have a relatively
high share of R&D subsidies and offer a favourable
tax treatment. Other countries, such as Finland,
Italy and Sweden, focus more on direct subsidies. In
contrast, Spain and Portugal have generous fiscal
incentives combined with a relatively low subsidy
rate. It is interesting to note that Sweden and
Finland have neither substantial direct nor indirect
funding although these countries have high levels
of private business enterprise expenditures. In
Finland, the substantial private R&D spending can
be partly explained by an industrial structure
focusing on ICT intensive, highly skilled, human-
capital intensive production (Rouvinen and Yla-
Anttila, 2003). It is doubtful that tax incentives for
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R&D can compensate for a lack of ‘enabling condi-
tions’ in countries with low levels of R&D spending
(OECD, 2002). Furthermore, tax incentives and
direct subsidies may be either complements or
substitutes. Data on R&D subsidy ratios and tax
incentives for the 15 pre-accession Member States,
the US and Japan for the period 1981-2002 indicate
that countries with an increased level of tax conces-
sions experienced a lower decrease in the R&D
subsidy ratio. Also, econometric results suggest that
both instruments are indeed complements.3°

2.3.2 Empirical analysis of the impact of
public support to R&D on business R&D

This section investigates the empirical relation
between public support to R&D and business R&D
by studying separately two channels through which
public money spent on R&D can influence business
R&D spending. The first concerns the relation
between government-financed R&D expenditures
(performed in the business sector) and business
R&D spending; the second concerns the impact of
public funding of R&D performed by universities
and government institutions on business R&D.

Relationship between industry- and government-
financed business R&D at the industry level

The aim here is to investigate whether government-
financed R&D expenditures are complementary and
thus ‘additional’ to private R&D spending, rather
than substitutes for industry-financed R&D expendi-
tures. The analysis, conducted for the business
sector in the EU-15 at the industry level, extends
previous work in two directions. First, the empirical
analysis gives sector-specific estimates of the impact
of government-funded R&D in the business sector;
and, second, the use of industry-/country-level data
allows the estimation of the R&D equation for each
country separately.3” The main hypothesis to be
tested is whether R&D subsidies to a particular
industry stimulate private R&D expenditures in that
particular industry.32 Complementarity between
private and public BERD occurs when the estimated
elasticity of government-funded BERD is signifi-
cantly different from zero and positive. A negative
estimated elasticity would indicate a substitution
effect. A positive elasticity implies that the marginal

30 See ‘European Productivity, Innovation and Public Sector R&D’, background
study prepared for the 2004 edition of the European Competitiveness Report
for further details.

31 The data used consists of an industry panel data set for 13 EU Member States
in 25 industries for the period 1987-1999.

32 In these regressions, possible (negative) spillover effects between industries
are not addressed. It is well known that R&D subsidies may crowd out busi-
ness R&D investments in other, closely related industries.

effect is also positive.>* More specifically, the
marginal effect measures the degree to which
private R&D is stimulated by government-financed
R&D.

The estimated elasticity of private business R&D
with respect to publicly funded R&D ranges
between 0.20 and 0.13 and is highly significant —
see Table A.2.1 in Appendix 1. When controlling for
output and R&D financed from abroad, in the EU, a
marginal increase of € 1 in government-funded
BERD leads to an increase in domestic business-
funded R&D of € 0.93.34 The funding effect on total
R&D expenditures in the business sector is therefore
€ 1.93. The results are consistent with Guellec and
van Pottelsberghe (2003b) who find a marginal
effect of 0.70 in business-funded R&D for each
dollar of direct non-defence government funding
(total effect of 1.70). Moreover, the findings
suggest a positive impact of R&D financed from
abroad on domestic business R&D expenditures. A
€ 1 increase in BERD financed by abroad leads to an
increase in domestic and privately funded R&D
expenditures of about € 0.37.

For 17 out of 18 EU industries, the elasticity of
industry-financed BERD with respect to R&D subsi-
dies shows the expected positive sign.>> Another
result is that the elasticity estimates are generally
higher in high-tech industries than in medium- and
low-tech industries. The corresponding marginal
effects of R&D subsidies show the opposite pattern
as they depend on the R&D subsidy ratio.>¢ In 10
out of 11 EU countries, private R&D is significantly
positively associated with public R&D.3”

The impact of government support and public
sector R&D on business R&D

While most of the literature focuses on the impact
of publicly funded R&D that is performed by private
firms, few studies investigate the impact on private
R&D of R&D performed by universities and govern-
ment institutions. The aim in what follows is to
analyse empirically the influence of both public
sector R&D and government support for R&D on
private R&D spending.

A large number of factors potentially have an
impact on business sector R&D intensity. First and

33 The marginal effect is computed as the product of the estimated elasticity
and the ratio of domestic industry-funded BERD to government-funded BERD
evaluated at sample means.

34 The elasticity estimates have been transformed into marginal effects based
on sample means.

35 For 15 industries, the elasticity is significantly positive at the 5 % level and for
at least one more industry, it is significantly positive at the 10 % level.

36 With a constant elasticity the marginal effect increases when the ratio of
government financed R&D to industry financed R&D decreases.

37 See ‘European Productivity, Innovation and Public Sector R&D’, background
study prepared for the 2004 edition of the European Competitiveness Report
for estimation results.
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foremost, industry structure and the dynamics of
output growth matter. If a country is specialised in
industries typically characterised by a high degree
of R&D intensity, then aggregate business R&D
intensity will generally be high (European Commis-
sion 2003b, p. 59). Other factors affecting business
R&D spending include competition and (de)-regu-
lation policies as well as patent protection. In a
narrower sense, the government provides for a
research-prone, favourable business setting by
funding universities as well as research in public
laboratories: scientific knowledge from academic
research generates positive knowledge spillovers
thereby facilitating private business R&D and
fostering productivity in the corporate world. As
already discussed, apart from those indirect meas-
ures, the government can also stimulate business
R&D with direct measures, either through fiscal
incentives or by means of direct financial support.

The empirical literature evaluating the net effects
of such intervention is concerned with basically
three sources of negative (side-) effects. First, as
discussed previously, the issue of ‘input addition-
ality’ address the extent to which public R&D-
assistance induces companies to spend more own
additional resources on R&D than they would have
spent without the public R&D assistance; second,
and in the same vein as for direct support, indirect
support through the promotion of R&D
performed by universities and government
research organisations may substitute for R&D
projects which otherwise would have been under-
taken by the corporate world. If private firms
engage less in R&D because they cannot success-
fully compete against government-funded
research, allocative distortions are said to prevail;
finally, public sector R&D can act as a substitute
to the private R&D sector, as it not only uses
resources for R&D but also earns exclusive prop-
erty rights to the research results. This potential
source of crowding out arises if there is a shortage
in the most decisive factor of the R&D process,
that is, if high-skilled labour is scarce. Rising
demand for high-skilled human resources by
universities and government research organisa-
tions reduces the availability of the same for
private sector usage. In this case, R&D subsidies
could drive up the wages of scientists and engi-
neers enough to prevent significant increases in
real R&D (Goolsbee, 1998). For the US, Goolsbee
(1998) finds that increases in funding for public
R&D significantly raise the wages of scientists and
engineers. Under these circumstances part of the
gross R&D volume increase is eventually explained
by an increase in its unit price (crowding out
through prices).

——

Despite the potential negative effects of public R&D
on private sector R&D discussed above, the public
sector can also act as a complement to the private
sector by lowering the cost of research for the
industry. This can be achieved by conducting basic
research and making its results publicly available.
University research has historically been an impor-
tant source of external knowledge, equipment and
methodologies for industrial researchers in the
development of new products and production
processes. Graph 2.5 illustrates various types of
public intervention and their potential impact on
business R&D. Whether the positive stimulation and
spillover effects dominate the negative effects
discussed above is ultimately an empirical question
and will be examined below.

The aim of this section is to estimate the impact of
public sector intervention measures as outlined in
Graph 2.5 on business expenditure on R&D. The
econometric model used estimates the elasticities of
BERD intensity (BERD/GDP) relative to the following
variables:

- Government-financed R&D expenditures in the
business sector as a percentage of GDP which
captures direct financial support in the form of
grants, loans, etc.

- B-index, measuring the generosity of the tax
system?38, captures fiscal incentives. Decreases
in the B-index mean that fiscal incentives for
R&D have been increased, or, equivalently, that
the cost of R&D-activities at the enterprise level
has fallen. Accordingly, if fiscal incentives are
effective in raising expenditures on R&D in the
business sector, the estimated elasticity should
be significantly negative.

- R&D expenditures by the higher education
sector (HERD) in percentage of GDP.

- Government sector R&D expenditures (GO-
VERD) in percentage of GDP.

When estimating these elasticities, the level of
development and the degree of specialisation in
high-tech activities of the country are controlled for
using the following explanatory variables in the
regression:

- GDP per capita in constant purchasing power
parity.

38 For more details refer to Warda (1996) and OECD (2002).
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Graph 2.5: Main policy tools towards business R&D and their potential impact
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Source: van Pottelsberghe et al. (2003).

- Share of high-technology exports in total manu-
facturing exports. High-technology exports® are
characterised by a high intensity of research and
development and measure the technology-intensity
of a country’s exports. It could be argued that the
share of high-technology exports is a measure of
innovation output rather than a factor explaining
innovation input. However, the share of high-tech-
nology exports also reflects the country’s degree of
specialisation in high-tech activities.*°

The first question is whether public sector R&D is a
complement or a substitute for private R&D,
meaning whether it induces or crowds out private
R&D. Overall, one can expect the positive spillover
effects to dominate the potentially negative impacts
discussed above so that the net effect of public
sector R&D on business sector R&D is positive.
Should, on the other hand, public sector R&D

3% They include high-technology products such as aerospace, computers, phar-
maceuticals, scientific instruments and electrical machinery (see OECD STI
Scoreboard 2003).

In the EU-15 countries, high-technology intensive exports account for 22 %
of total manufacturing exports in 2001. Differences among EU countries are
substantial: in 2001 the share of high-technology industries in total exports
ranges from 54 % in Ireland to 9 % in Greece. Between 1991 and 2001, high
technology exports as a proportion of total exports have grown rapidly in
Finland, Ireland, the Netherlands and United Kingdom. During this period
Finnish high technology exports as a percentage of total manufacturing
exports grew faster than in any EU-15 country.

40

generally crowd out private R&D, then the elastici-
ties relative to higher education and government
sector R&D would be negative.

A second aim of this section is to investigate the
impact of direct support measures on business
sector R&D: Is government-funded R&D performed
by the business sector a substitute or a complement
for private R&D? Do R&D tax credits foster business
expenditure on R&D? The elasticities of business
R&D relative to government-financed R&D expen-
ditures in the business sector and relative to the B-
index will provide an answer to these questions.

Table 2.6 presents estimation results for the elastici-
ties of BERD with respect to R&D expenditures by
the higher education sector (HERD) and the govern-
ment sector (GOVERD), see Appendix 1 for
complete estimation results. These estimates show
that both government and university R&D are
significantly positively related to R&D intensity in
the business sector. As expected, HERD has a higher
impact than government R&D. In terms of marginal
impacts of public funding, a € 1 increase in R&D
performed by universities leads to an additional €
1.3 in industry R&D while a € 1 increase in R&D
performed by government institutions leads to €
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Table 2.6: Impact of public sector R&D on business expenditures for R&D (BERD): Panel estimates

for 21 OECD countries

m @)

coeff. coeff.
log public sector R&D % GDP 0.95%**
log HERD % GDP 0.47**
log GOEVRD % GDP 0.24
log GDP per capita in constant PPP $ 0.69* 0.56
period dummy 1990-1994 -0.07 -0.07
period dummy 1995-1999 -0.05 -0.03
period dummy 2000-2002 -0.03 0.00
constant 2.82** 2.74*

Notes: *, **, and *** denote significance at the 10 %, 5 %, and 1 % level respectively. Estimation period: 1986-2002 with data derived from three five-
year intervals and one three-year interval. Excluding the non-EU countries has little effect on the regression results. Specification (1): HERD and
GOVERD taken together as Public sector. Specification (2): separate impact-coefficients for HERD and intramural GOVERD.

Table 2.7: Impact of tax incentives and direct subsidies on business enterprise sector R&D (BERD):

Panel estimates for 21 OECD countries

including log HERD % GDP

coeff
log government-funded BERD % GDP 0.15%**
log B-index -0.49*
log HERD % GDP 0.29***
log share of high-technology exports in total manufacturing exports 0.45%**
log GDP per capita in constant PPP $ 0.53**
period dummy 1985-1989 0.01
period dummy 1990-1994 -0.07
period dummy 1995-1999 -0.15
period dummy 2000-2002 -0.16
constant 3.67**
marginal effect of government-funded business R&D 1.4

Notes: *, **, and *** denote significance at the 10 %, 5 %, and 1 % level respectively. Estimation period: 1980-2002. Excluding the non-EU coun-
tries has little effect on the regression results. t-values are based on robust standard errors.

1.1 in industry R&D.*' Finally, the coefficient of
GDP per capita in constant PPP is positive and
significant.

Table 2.7 shows inference on the R&D stimuli
resulting from direct government intervention, i.e.
from tax incentives and direct R&D subsidies.
These results suggest that government-funded
R&D in the business sector has a positive and
significant impact on total business enterprise
R&D. In order to test whether government-funded
R&D in the business sector is a complement or a
substitute to private R&D in the business sector,

41 The marginal returns of HERD and GOVERD are calculated as the product of
the respective elasticity estimates, 0.47 and 0.24, by the ratio of BERD to the
variable. The ratios of BERD to HERD and of BERD to GOVERD are 2.85 and
4.68 respectively.

the estimated elasticities are transformed into
marginal effects. Note that the dependent variable
is total R&D expenditures in the business sector,
i.e. government-financed BERD is included. The
results suggest that an increase of € 1 of R&D
subsidies will generate an increase of total business
sector R&D expenditures of € 1.4. Since this effect
is higher than € 1, one can conclude that govern-
ment-funded R&D is a complement for private
R&D. The elasticity with respect to the share of
high-technology exports in total manufacturing is
positive and significant. This indicates that coun-
tries with a large share of exports in technology
driven industries also have high business R&D
intensity.

Changes in fiscal incentives for R&D as measured by
the B-index significantly affect the R&D expenditure
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in the business sector. The elasticity of about -0.60
indicates that a 10 % reduction in the price of R&D
(increase in generosity of tax incentives for R&D)
leads to a 6 % increase in the amount of R&D.

Given these elasticity estimates, it is possible to
calculate to what extent the observed change in the
BERD intensity can be attributed to changes in tax
incentives for BERD and direct R&D subsidies, initial
BERD intensity, GDP per capita, industry structure
and the spillover effects of higher education sector
R&D, see Appendix 1 for further estimation results.
Table 2.8 presents the results of the decomposition
analysis for two periods. Generally, the predicted
changes in BERD intensity are close to the observed
ones. The average annual growth rate of BERD
intensity over the period 1980-2002 is about 4.1 %
which is close to the prediction of 3.7 %. The main
cause of the increase in BERD intensity is the shift in
industry structure towards high-technology indus-
tries which explains half of the change in BERD
intensity. To the extent that reallocation of produc-
tion factors towards high-technology industries is
being hampered by lack of flexibility in factor
markets, structural reforms aimed at rendering
markets more flexible will play an important role in
increasing the level of business R&D across the EU.
Growth of GDP per capita is also an important
factor explaining almost a third of the increased
business R&D intensity. In contrast, the effects of
direct subsidies and tax incentives for R&D are quite
small. Finally, about 20 % of the increase in BERD
intensity can be explained by the increase in HERD
as a percentage of GDP, indicating substantial
spillover effects from academic research.

In order to analyse whether the contribution of tax
incentives has changed over time, the effects for the
sub-period 1990-2002 are also estimated. Again,
only 3 % of the increase in the ratio of BERD to GDP
can be explained by the increase in fiscal incentives
for R&D. In contrast, the decrease over time in
government financed BERD as percentage of GDP
has hampered the increase in R&D intensity in the
business sector by 3 percentage points.

2.3.3 Impact of public sector R&D
on economic growth and research output

Impact of public sector R&D on GDP per capita
growth

University and government laboratory research has
both direct and indirect impacts on the economy.
Public sector research may directly lead to increases
in productivity through increased knowledge and
innovation. Examples include new information and

communication technologies and advances in the
health sector through medical research. Indirect
effects of public sector R&D can be caused by
spillovers contributing to the productivity of private
R&D. Examples include ‘spin-off’ projects from
higher education or research institutes with R&D
focus. In principle, total business expenditures on
R&D could be split up into industry and govern-
ment financed components. However, Griliches
(1979) argue that there is no reason to separate
private from government funds because a dollar is a
dollar, whatever the source of funding. Guellec, van
Pottelsberghe (2003b) argue that it is conceptually
not feasible to distinguish spillovers from privately
funded R&D from publicly funded R&D derived
from a given R&D project. Therefore, the analysis
here focuses on the effects of R&D performed by
the public sector (understood as government sector
and higher education institutions) and not on the
effects of publicly funded business sector R&D.

An econometric model*? is used to estimate the
determinants of growth. The set of variables used to
explain economic growth are: initial GDP per
capita, the share of investment in GDP, population
growth, human capital and the ratio of R&D expen-
ditures to GDP by performing sector (i.e. higher
education sector, government sector and business
sector).*® In the absence of spillovers, the effect of
public sector R&D should be equal to its income
share. The proxy measure for human capital used
here is the average duration of education among
the working age population (25 to 64 years of
age).** The impact of average years of schooling is
expected to be positive. The main data source is the
OECD Economic Outlook database for the period
1960-2002.#5 In order to avoid the potential corre-
lation between business cycles and the explanatory
variables, the analysis uses data averaged over five-
year periods rather than annual data.

Graph 2.6 displays the relationship between the
change in public sector R&D as a percentage of
GDP and GDP per capita growth. There is a positive
correlation of 0.68 that is highly significant. This
means that the change in R&D expenditures

42 A dynamic panel data model is used. For more information see Appendix 2
or ‘European Productivity, Innovation and Public Sector R&D’, background
study prepared for the 2004 edition of the European Competitiveness Report.

43 Under the assumption of a steady-state long-run growth path for the period
examined, growth rates can be expressed without reference to the stocks of
physical or human capital.

44 See de la Fuente, Domenech (2002). This indicator was also employed by
Bassanini, Scarpetta (2002). It must be stressed that this variable is a weak
indicator of human capital because it cannot account for differences in the
quality of one additional year of education (see W6Bmann, 2003).

45 The group of countries include Australia, Austria, Belgium, Canada, Czech
Republic, Denmark, Finland, France, Germany, Greece, Hungary, Iceland,
Ireland, ltaly, Japan, Netherlands, New Zealand, Norway, Poland, Portugal,
Republic of Korea, Slovak Republic, Spain, Sweden, Switzerland, United
Kingdom and the United States.
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Table 2.8: Source of changes in BERD intensity (EU-15)

Observed Predicted Sources in percentage points (percent) of predicted change
chssggcee?r:algsRD chssgcee?r:algsRD Government- B-index GDP per capita  High-tech export ~ HERD % GDP
funded BERD % h
% GDP % GDP un eGDP b share
1980-2002
4.1 3.7 -0.1 1.0 1.9 0.8
(-2) 3 (28) (51 (20)
1990-2002
3.9 3.8 -0.3 1.2 2.5 0.5
(100) -7) 31 (60) 12)

Notes: For the period 1990-2002, UK and Italy are excluded because the growth of the business R&D intensity was negative. The contribution of the
explanatory variables is calculated by multiplying the estimated coefficients from table 2.7 by the change in the observed explanatory variable.

performed by the public sector (measured as a
percentage of GDP) is significantly higher in coun-
tries with a high GDP per capita growth. Since the
causality is likely to work in both directions, one
needs to be cautious in drawing conclusions.

Table 2.9 presents the results of the growth equa-
tion estimation with R&D expenditures disaggre-
gated by performing sector. In specification 1,
HERD as a percentage of GDP is included. Specifica-
tion 2 is basically the same as specification 1 except
that government sector expenditures on R&D as a
percentage of GDP is also included. In specification
3, all three different categories of R&D expenditures
are included. Given that the lagged endogenous
variable is included, the coefficients are to be inter-
preted as short-run effects. Since the estimates of
the adjustment coefficient are highly sensitive to the
model specifications, the interpretation of results
focuses on short-run elasticities.

The different R&D categories have the expected
positive sign but government expenditures on R&D
have a negative sign. The literature on the impact
of both business-sector and public sector R&D
capital on growth is quite thin. Using a panel of
five-year averages for 17 OECD countries for the
period 1980-1999, the German Council of
Economic Advisors (Sachverstandigenrat) (2002)
investigates the relationship between R&D disag-
gregated by performing sector and GDP per capita
and find a negative impact of government R&D as
percentage of GDP on GDP per capita. Further-
more, HERD as percentage of GDP and BERD as
percentage of GDP both have a significant and posi-
tive impact on GDP per capita. Guellec and Van
Pottelsberghe (2004) examine the impact of
domestic business-sector R&D, public sector and

foreign R&D capital stock on total factor produc-
tivity using panel data for 18 OECD countries
covering the period 1980-1998. The authors find a
positive and significant effect of total public sector
R&D (measured as R&D capital stocks) on the level
of total factor productivity. The results presented
here differ from Guellec and Van Pottelsberghe
(2004) in that an empirical growth equation is used
to estimate the impact of private and public sector
R&D. In particular, the R&D share of GDP by
performing sector is used rather than the rate of
growth of different types of R&D capital itself. In
growth regressions this avoids the need to specify
an initial R&D capital stock and assume a rate of its
depreciation. However, R&D intensity can be a poor
proxy for growth in R&D capital stocks.

Both HERD as percentage of GDP and BERD as
percentage of GDP are significant at the 5 % level
in the majority of cases, implying that increasing
higher education sector expenditures on R&D and
business enterprise R&D expenditures have a signif-
icantly positive impact on GDP per capita growth in
the OECD area.

The short-run elasticity of GDP per capita with respect
to HERD intensity is about 0.08 based on the third
specification.*® The effect of HERD is much higher
than the income share of HERD of about 0.42 % in
terms of GDP, indicating significant spillover effects.
The short-run elasticity of BERD is about 0.05 and is

46 Computed as 0.19*0.39, where 0.39 is the average HERD/GDP in percentage
points The corresponding long-run elasticity of GDP per capita with respect
to HERD is about 0.81 (=0.08/(1-0.91)). The large impact of HERD seems
implausible. Closer inspection suggests that this implausible result may be
due to the slow economic convergence in the 1980s and 1990s as indicated
by the high impact of lagged GDP. The estimated values of the adjustment
coefficients range between 0.16 (=1-0.84) and 0.09 (=1-0.91), implying that
between 9 % and 16 % of the adjustment take place within five years.
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Table 2.9: Impact of public sector R&D on GDP growth

M @ 3)

coeff. coeff. coeff.
Aln GDP per capita (t-1) 0.84*** 0.971** 0.971**
Alnvestment, % GDP (t) 1.15%** 1.17%** 1.17%**
AAverage years of schooling (t) 0.03 0.03 0.03
AHigher education sector expenditures R&D, % GDP (t) 0.18* 0.24** 0.19**
AGovernment expenditures on R&D, % GDP (t) -0.29*** -0.36***
ABusiness enterprise sector expenditures on R&D,
% GDP (t) 0.04**
Population 15-64, growth (t) 0.00 0.00 0.00
Year 1990-1994 -0.03** -0.04** -0.03*
Year 1995-1999 -0.01 -0.01 -0.01
Year 2000-2002 -0.03** -0.04** -0.04**
Constant 0.03* 0.02 0.01
Sargent test (p-value) 0.023 0.057 0.061
Number of observations (countries) 87 (27) 87 (27) 87 (27)
Short-run elasticities:
Higher education sector R&D expenditures, % GDP (t) 0.07 0.09 0.08
Government expenditures on R&D, % GDP (t) -0.08 -0.09
Business enterprise sector R&D expenditures, % GDP (t) 0.05
Long-run elasticities:
Higher education sector R&D expenditures, % GDP (t) 0.44 1.01 0.81
Government expenditures on R&D, % GDP (t) 0.00 -0.82 -0.99
Business enterprise sector R&D expenditures,
% GDP (t) 0.50

Notes: p-value in parentheses. Number of countries: 16 (US, Japan and 14 pre-accession EU countries). Public sector R&D is the sum of HERD and
GOVERD. The relative citation index is a measure of relative prominence of scientific literature of a country. This index is the country’s share of cited liter-
ature adjusted for its share of published literature. A value of 1 would indicate that the country’s world share of cited literature is equal to the country’s
world share of scientific literature. A value greater (less) than 1 would indicate that the country is cited relatively more (less) often than indicated by the

country’s share of scientific literature.

Sources: OECD, MSTI and National Science Foundation.

Graph 2.6: Relationship between the GDP per capita growth and change in public sector R&D
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Notes: Ireland is excluded from the above analysis because of the extraordinary high growth rate during this period.
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somewhat lower than the short-run elasticity of HERD.
This is consistent with the hypothesis that the social
rate of return of research in the higher education
sector is higher than in the private R&D sector due to
spillovers. It is interesting to note that the magnitude
and statistical significance of HERD remains largely
unchanged when business expenditures on R&D are
included. This result concerning spillover effects from
higher education research reinforces the need to inte-
grate education policy reforms in the EU efforts to
foster research and innovation throughout the
economy. Unreported results show that there is a
unidirectional causality from BERD in percentage of
GDP and from HERD in percentage of GDP to growth
in GDP per capita.*” Furthermore, unreported results
indicate that the impact of these R&D categories on
growth is no different in EU countries than in the
other countries in the sample.*® Average years of
schooling shows the correct sign, though not signifi-
cant at the 5 % level. The poor performance of

47 Using panel Granger causality tests.
48 Interaction effects between both HERD and BERD and a dummy variable for
EU countries are not significantly different from zero.

——

average years of schooling as a measure of human
capital could be largely due to the fact that the differ-
ences in educational quality between the countries are
not captured.

The impact of public sector R&D on scientific
output and patents

The number of scientific publications, the number
of patents, the number of citations and the number
of highly cited papers are basic indicators of the
degree to which different R&D performers
contribute to R&D knowledge.*® This section looks
at the evidence for relationships between public
R&D and research output by means of a series of
cross-plots of research output and various public
R&D input indicators.

Table 2.10 shows the correlation coefficients
between the average annual change in various

49 There are of course some new indicators measuring the scientific output such
as the number of spin-offs generated by universities and government
research centres. However, they are not available from internationally compa-
rable sources (European Commission, 2003b).

Table 2.10: Correlation between the change in research output and public R&D

Average annual growth rate of
EPO patent applications per
million population between

(Absolute) change in relative
citation index between 1990-

Average annual growth rate of
total scientific publications

19901999 1999 between 1990-1999
Average annual growth rate 0.703 0.730 0.710
of public sector R&D in const. (0.002) (0.001) (0.002)
PPP US-$ (HERD + GOVERD)
between 1990-2000
Absolute change in public 0.645 0.579 0.556
sector R&D, % GDP (0.007) (0.019) (0.026)
between 1990-2000
Average annual growth rate 0.541 0.753 0.609
of HERD in const. PPP US-$ (0.031) (0.001) (0.012)
between 1990-2000
Average annual growth rate 0.574 0.572 0.712
of GBAORD in const. PPP (0.020) (0.021) (0.002)
US-$ between 1990-2000
Absolute change in 0.293 0.604 0.029
government-funded R&D, (0.270) (0.013) (0.916)

% GDP between 1990-
2000

Notes: p-value in parentheses. Number of countries: 16 (US, Japan and 14 pre-accession EU countries). Public sector R&D is the sum of HERD and
GOVERD. The relative citation index is a measure of relative prominence of scientific literature of a country. This index is the country’s share of cited
literature adjusted for its share of published literature. A value of 1 would indicate that the country’s world share of cited literature is equal to the
country’s world share of scientific literature. A value greater (less) than 1 would indicate that the country is cited relatively more (less) often than indi-
cated by the country’s share of scientific literature.

Sources: OECD, MSTI and National Science Foundation.
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Graph 2.7: Correlation between the change in the relative citations index and change in public sector

R&D (in percent)
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measures of public sector R&D and changes in
different types of research output based on data for
the EU-15, Japan and the US. The correlation coeffi-
cient between the average annual growth rate of
public sector R&D (measured in constant PPP) and
the absolute change in the relative citation index is
about 0.73 and highly significant - see Table 2.10,
column 2.3° This means that countries with a high
growth rate of public sector expenditures on R&D
experienced a rise in their relative citation index.

Graph 2.7 illustrates the fact that countries with the
highest gains in the citation index such as Austria,
Spain, Finland and Ireland have a higher-than-
average growth of expenditures on R&D performed
within the public sector. This indicates a higher
marginal scientific productivity. In contrast, the
opposite group of countries, showing a lower
marginal scientific productivity are Japan, Sweden
and Portugal.

50 Note that citations are not a straightforward measure of quality for various
reasons: self-citations by authors; authors citing colleagues, mentors, and
friends; and a possible non-linear relationship of a country’s number of publi-
cations and citations to that output (see National Science Foundation, 2002).

The results are robust with respect to the measure-
ment of public sector R&D expenditures (i.e.
average annual growth rate of HERD in constant
PPP, or alternatively the absolute change in public
sector R&D expenditures as a percentage of GDP or
the average annual growth rate of GBAORD in
constant PPP). In all cases, the correlation coeffi-
cients are high and significant at the 1 % or 2 %
level. Furthermore, the correlation between the
absolute changes in government-funded R&D in
percentage of GDP and the change in the relative
citation index is high and significant.

Next the relationship between patents and public
sector R&D is examined. In the US, universities
have increased their patenting since the Bayh-
Dole Act of 1980 which gave universities the right
to patent and licence (National Science Founda-
tion, 2002). The Bayh-Dole Act was introduced to
encourage publicly funded research institutes and
universities to file patents, exploit their research,
and engage in collaborations with industry. In
recent years, in Europe, several national legisla-
tions have converged to solutions of the Bayh-
Dole Act type (European Commission, 2003c).
Other Member States where provisions of this
type have not yet been adopted are about to do
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so. Column 1 in Table 2.10 shows the correlation
coefficients between the average annual growth
rates of EPO patent applications per million of
population between 1990 and 1999 and the
change in public expenditure on R&D (HERD and
GOVERD) during the same period.

Again, there is a strong positive and significant rela-
tionship between the change in public sector
expenditures on R&D and the change in EPO
patent applications. The magnitude of the correla-
tion coefficient is not very sensitive to the definition
and measurement of public sector expenditures on
R&D. Combining the change in the share of public
sector R&D with the average annual growth rate of
European patents per capita, it is clear that
Portugal, Ireland and Finland have a higher-than-
average marginal scientific productivity as the
growth of EPO patents per capita is higher than the
growth of public sector expenditures on R&D - see
Graph 2.8.

Finally, the correlation coefficients between the
growth of the number of total scientific publications
between the period 1990-1999 and the growth of
public R&D expenditures by performance/funds are
presented in column 3 of Table 2.10. The results
show that the correlation coefficients between the

——

growth rate of total scientific publications and
different measures of public sector R&D are positive
and significant at the 1 % level in all cases.

Some EU Member States have very low levels of
patenting per capita at the beginning of the period
but exhibit a strong upward growth trend. This also
holds for the number of publications and the rela-
tive citation index. Therefore, the correlation coeffi-
cients, based on the levels for EU-25, Japan and the
US, have also been computed and are presented in
Table 2.11. However, it is well known that compar-
isons in the level of patents between the US and the
EU may be biased due to the home advantage
effect. This means that EU Member States will be
dominant in EPO applications. Therefore, the corre-
lation coefficients for the EU-15 countries are also
presented in Table 2.11. For both sets of countries
there is a large and significant correlation between
EPO patents per capita (for the year 2000) and
public sector R&D expenditures. Within the EU-15,
countries with the highest level of patenting per
labour force such as Sweden, Finland, Germany and
the Netherlands spend a higher share of funds on
the public R&D sector. Finally, the lowest level of
both patenting and public sector R&D can be
found in Cyprus, Slovak Republic and Latvia.

Graph 2.8: Correlation between the change in public sector R&D in percent and change in EPO patent

applications in percent
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Table 2.11: Correlation between research output and public

Patents per LF RCI 1999 Articles per
2000 capita 2000
EU-25, USA and Japan
GBAORD % GDP 2001 0.631 0.679 0.751
(0.001) (0.001) (0.000)
Public sector R&D % GDP 2001 0.654 0.668 0.727
(0.000) (0.001) (0.000)
Government-financed R&D, % GDP in 2001 0.705 0.745 0.723
(0.000) (0.000) (0.000)
EU-15
GBAORD % GDP 2001 0.539 0.700 0.666
(0.038) (0.005) (0.007)
Public sector R&D % GDP 2001 0.627 0.825 0.745
(0.012) (0.000) (0.001)
Government-financed R&D, % GDP in 2001 0.657 0.721 0.646
(0.008) (0.004) (0.009)

Notes: p-value in parentheses. Relative prominence of scientific literature is measured on the basis of the relative citation index (RCI) of the country.
This index is the country’s share of cited literature adjusted for its share of published literature. An index of 1 indicates that the country’s share of cited
literature is equal to the country’s world share of scientific literature. Values greater (less) than 1 indicate that the country is cited relatively more (less)

than is indicated by the country’s share of scientific literature (NSF 2002).

Source: National Science Foundation and Eurostat, New Cronos.

Again there is a high, positive and significant corre-
lation between the relative citation index in 1999
and public sector R&D expenditures as a
percentage of GDP in1998. This means that a
country with higher public sector R&D expenditures
as percentage of GDP has a larger number of
frequently cited literature in relation to the
country’s share of world literature. Highly cited EU
countries are the Nordic countries, Netherlands,
Denmark, UK and Germany which also have a
higher share of public sector R&D expenditures.

The next step in the analysis is to investigate the
relationship between patent applications and public
R&D when controlling for other factors such as
business expenditures on R&D and country-fixed
effects>! as well as time effects. Again, a distinction
is made between university and government labora-
tory expenditures on R&D.>2

Table 2.12 presents the results for the relationship
between public and private sector R&D and patent
applications per capita. In specification (1), both
private and public sector R&D are included while in
specification (2) public sector R&D expenditures is
disaggregated into higher education sector R&D

ST Country-specific effects control for factors such as the ‘home advantage’ bias.
52 Furman et al. (2002) suggest that university research tends to be more acces-
sible to industry researchers than government laboratory research.

(HERD) expenditures and government sector
expenditures on R&D, both measured as percent-
ages of GDP. In addition, business enterprise sector
R&D is split into publicly and privately financed
R&D expenditures (specification 3) - see Appendix 2
for further details.

Table 2.12 shows that both the coefficients of
private R&D (BERD) as a percentage of GDP and of
public sector R&D (HERD and government expendi-
tures combined) as a percentage of GDP are posi-
tive and significant, indicating a positive relation-
ship between the R&D sectors and EPO patent
applications per capita. This implies that countries
with higher shares of R&D activities in the public
sector have been able to achieve a higher level of
patents per capita. This finding is consistent with
the results of other empirical studies (see for
instance Furman et al., 2002; Faber, Hesen, 2004).
The elasticity of patents per capita with respect to
public sector R&D is 0.64. This means that a ten
percent increase in the ratio of public sector R&D to
GDP (e.g. from 0.68 to 0.75) is associated with a
6.4 % increase in the number of patents per capita.
Furthermore, the results indicate that the impact of
public sector R&D is higher than that of business-
funded R&D. The elasticity of patents per capita
with respect to business enterprise sector R&D is
0.49. When breaking down public sector R&D into
R&D conducted by the higher education sector and
R&D done by the government sector, both R&D
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Table 2.12: Relationship between public R&D and EPO patent applications: Panel estimates

Dependent variable: log EPO patent applications per capita

(M (2) (3)

coefficient coefficient coefficient
log total BERD % GDP (t) 0.49*** 0.47***
log industry-financed BERD % GDP (t) 0.43***
log government-financed BERD % GDP (t) 0.10
log (HERD+GOVRD) R&D, % GDP (t) 0.64***
log HERD % GDP (t) 0.36** 0.34**
log GOVRD, % GDP(t) 0.25* 0.23*
log years of schooling (t) 1.80* 1.68* 1.71*
Period dummy 1991-1994 0.03 0.04 0.04
Period dummy 1995-1999 0.32%** 0.34*** 0.34***
Constant -0.30 0.39 0.59

Notes: *, **, and *** denote significance at the 10 %, 5 %, and 1 % level respectively. Estimation period: 1986-1999 with five-year interval data. Data
for Germany refers to West Germany only until 1990; data for unified Germany during the period 1991-1995 is excluded. The group of countries
includes Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy, Japan, Mexico, Netherlands, New
Zealand, Norway, Poland, Portugal, Spain, Sweden, Switzerland, Turkey, UK and US; excluding the non-EU countries has little effect on the regres-

sion results.

sectors significantly contribute to the number of
patents per capita. Furthermore, the ratio of
government-funded BERD to GDP also has a small
but positive effect on patents per capita.

A summing up

Using industry-level data for EU countries for the
period 1987-1999, estimation results suggest that
government-financed R&D expenditures comple-
ment domestic industry-financed expenditures on
R&D. In terms of marginal impacts of public
funding, € 1 increase in government financed R&D
produces an additional € 0.93 in domestic industry
R&D. Furthermore, using economy-wide data for a
panel of OECD/EU countries for the period 1981-
2002, the results suggest that both direct funding
of business R&D and tax incentives for R&D have a
significant and positive impact on business R&D
spending in OECD and EU countries. These two
policy instruments tend to complement each other.
The empirical evidence suggests that R&D tax
credits are an effective instrument.

The elasticity of tax incentives is about -0.5, indi-
cating that a 10 % reduction in the price of R&D
(i.e. an increase in the generosity of tax incentives
for R&D) leads to a 5 % increase in the amount of
R&D spending in the business sector in the long
run. For the OECD/EU area during the period 1990-
2002, the results suggest that the increase in fiscal
incentives for R&D contributed 0.1 percentage
points to the 3.9 increase in the ratio of business
R&D to GDP. In contrast, the decrease in direct

R&D subsidies intensity has hampered increases in
business R&D intensity by 0.3 percentage points.
However, other factors such as the shift to R&D
intensive industries seem to be more important
than tax incentives or direct support for R&D in
explaining the change in the R&D intensity in the
business sector across EU countries. To the extent
that reallocation of production factors towards
high-technology industries is being hampered by
lack of flexibility in factor markets, structural reforms
aimed at rendering markets more flexible will play
an important role in increasing the level of business
R&D across the EU.

The results also support the importance of public
sector R&D for productivity growth and for creating
spillover effects to the private R&D sector. Expendi-
tures on R&D performed by universities and public
research organisations are significantly positively
related to business enterprise sector expenditures
on R&D, indicating that public sector R&D and
private sector R&D are complements. For the
period 1990-2002, a significant part of the
increasing R&D intensity in the business sector can
be explained by the increase in R&D expenditures
performed by the higher education sector, indi-
cating substantial spillover effects from academic
research. When public sector R&D is disaggregated
into its two main components, both government
and university R&D spending are significantly posi-
tively related to the R&D intensity in the business
sector, with the impact of higher education R&D
larger than that of government R&D. In terms of
marginal impacts of public funding, an additional €
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1 spent in R&D performed by universities leads to
an additional € 1.3 in industry R&D while € 1
increase in R&D performed by government institu-
tions leads to an additional €1.1.

Estimation results of an economic growth equation
for OECD/EU countries suggest that expenditures on
R&D in the higher education sector significantly
stimulate growth of GDP per capita. The effect of
R&D performed by the higher education sector is
higher than the income share of this sector, indi-
cating substantial spillover effects. In addition, the
impact of university research is somewhat higher
than the impact of business R&D. This is consistent
with the hypothesis that the social rate of return of
research in the higher education sector is higher than
in the private R&D sector due to spillover effects.

Finally, another important finding is that public
sector R&D spending as a percentage of GDP has a
positive and significant impact on EPO patent appli-
cations per capita, even after private R&D spending
and country fixed effects have been controlled for.
In particular, the impact of R&D performed by
university and government research organisations is
higher than the impact of business enterprise sector
R&D. Also, correlation analyses of R&D expendi-
tures performed by universities and public research
organisations with indicators of research output
suggest significant and positive associations with
publication citations, number of patents per capita
and number of publications. The role of higher
education research in fostering R&D output and
economic growth reinforces the need to integrate
education policy reforms in the EU efforts to foster
research and innovation throughout the economy.

2.4 Impact of public funding
of business R&D on
R&D/innovation and private
patent outcome:

country case studies

2.4.1 Public business R&D funding

and private patent outcomes —
Cross-country comparison and empirical
analysis of Germany and Finland

2.4.1.1 Introduction

This section provides a comparison between
Germany and Finland regarding public R&D
funding and innovation support and their effects in
innovation output as measured by patenting

performance. Despite the fact that these two coun-
tries have rather similar national innovation and
R&D policies and very similar public funding
systems and policy instruments, their innovation
performance over the last years has been surpris-
ingly different.

This section begins with an overview of general
trends in innovation policy and of policy instru-
ments fostering business R&D in Germany and
Finland. It compares the most important innovation
indicators and discusses the contribution of differ-
ences in innovation funding systems to the remark-
able performance of Finland. In sub-section 2.4.1.2,
input measures such as government budget appro-
priations and R&D personnel, and impact measures
such as patent applications, are examined. The
empirical analysis of the impact of public funding
on patent outcome links innovative input and
output and is presented in sub-section 2.4.1.3. A
key question is whether public subsidies in co-oper-
ative R&D activities affect a company’s probability
to patent. A discussion on whether this particular
policy tool is able to explain the remarkable differ-
ences in the innovation output (patents) between
Finland and Germany closes the discussion.

2.4.1.2 General trends of innovation policy
in Germany and Finland

Innovation is a priority of all Member States of the
EU. Throughout Europe, a wide range of policy
measures and support schemes aimed at fostering
innovation have been implemented or are under
preparation. The diversity of these measures and
schemes reflects the diversity of the framework
conditions, cultural preferences and political priori-
ties in the Member States. As a distinctive feature,
and in contrast to most European countries,
Germany and Finland have (a) a comparable
national innovation and R&D policy, (b) compa-
rable policy instruments aimed to stimulate business
R&D, and (c) a comparable public funding system.

(a) Innovation and R&D policies

In Germany, the main objective of innovation policy
(in a broad sense) is to accelerate the diffusion of
new technologies and to ensure that Germany is
able to keep pace with international technological
developments. In 2001, the Federal government'’s
expenditure for R&D amounted to € 7 099 million,
which represents a 2.8 % increase as compared to
2000 (OECD, 2003).

The contributions made by the Federal Ministry of
Economics and Technology (BMWi), the Federal
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Ministry of Defence (BMVg) and the Federal
Ministry of Education and Research (BMBF) account
for almost 90 % of total federal R&D funds. Nearly
two-thirds of all federal R&D expenditure is
financed by the BMBF's budget. In recent years,
improvements have been achieved through three
lines of promotion - innovation, cooperation, tech-
nological consulting. R&D expenditure growth for
the BMBF has been stable and far higher than the
average. An increase in 1999, when the BMBF’s
R&D expenditure was up 3.5 % from 1998 levels,
was followed up in subsequent years - 2.9 % in
2000, 3.9 % in 2001 and 3.5 % in 2002 (cf. Fier,
2002; BMBF, 2000).

In recent years, Ffinland's technology policy has
focused on the creation and application of new
knowledge and skills, on the integration of sustain-
able development and the capacity for continuous
renewal. Finland strives for the creation of an envi-
ronment favourable to innovation and business
activities. Finnish economic and societal develop-
ment have been based on developing and diffusing
high technology, both domestically and internation-
ally, where the latter resulted in an increased effort
to foster exports.>3 Eventually, the efforts resulted in
a favourable international competitiveness of the
Finnish economy. In various international compar-
isons, Finland ranks as one of the leading European
countries for innovation measured in terms of
growth, competitiveness, technological sophistica-
tion and infrastructure.

In Finland, the Science and Technology Policy
Council, chaired by the Prime Minister, plays a key
role in the coordination of innovation policy activi-
ties at the national level. The main tasks of the
Council include directing science and technology
policy, dealing with the overall development of
scientific research and education, and issuing state-
ments on the allocation of public science and tech-
nology funds to the various ministries and inter-
ested bodies.

Similar to the German structure of ministries, the
two most important ministries in the Finnish
national innovation system are the Ministry of
Education and the Ministry of Trade and Industry. In
2003 the former administered 41.7 % and the latter
34.4 % of government outlays on R&D (Statistics
Finland, 2004).

In general, Finland’s performance has been deter-
mined by a fundamental structural shift from a

53 High-tech products account for 20.6 % of exports.

——

resource-based economy to a knowledge-based
economy. Clearly, R&D was a key factor in this
development. R&D growth in Finland over the
course of the 1990s outpaced that of all other
OECD countries except Iceland, and by the end of
the 1990s, Finland was by far the largest R&D
spender (relative to GDP) of all OECD countries (cf.
Werner, 2003). During this period, Germany has
had to cope with the consequences of reunification.
The transition to a market economy of the former
DDR put strains on budgets and resources have
been absorbed in the transformation process.

(b) Policy instruments fostering business R&D

Innovation policies rest on several pillars: Direct
subsidies for research projects within thematic
programmes, promotion of SMEs in three promo-
tion lines (innovation, cooperation, technology
consulting) and by four types of support (subsidies,
loans, venture capital, and infrastructure supply) in
the fields of information and consulting. In general,
firms can compose an individual mix of public
support out of the different pillars which best suits
their specific challenges. In contrast to other
Member States, Germany and Finland do not
provide for special fiscal treatment of innovation -
such as tax credits or tax subsidies.

Direct subsidies are the most important innovation
policy tool in Finland and in Germany. Such subsi-
dies belong to the group of policy instruments
focussing on innovation financing, that is, the provi-
sion of finance for innovation activities, including
measures designed to deliver or stimulate the
delivery of financial support for innovation. Two
important policy aspects must be stressed regarding
direct subsidies for R&D and innovation: First, they
are given as ‘matching grants’>* (cost sharing of
total R&D project expenditures by the applicant
and the government); second, they give preference
to collaborative research projects (cooperative
research of different firms and/or universities and/or
research centres).

Matching grants for R&D projects are directed at
thematic programmes, adoption of programme
structures based on technology foresight, regular
tenders and peer review-based selections, and
special approaches (e.g. joint projects of industry
and science or large firms and SMEs, regional
networks, and start-ups). The administration of such

54 In Germany, direct project funding is carried out almost exclusively through
grants, while the Finnish funding system also grants loans to the companies. As
the loans amount to less than 20 % of the grants to firms and universities (Tekes,
2004b) no explicitly distinction between grants and loans is made here; further-
more, the source of the data used does not make possible this distinction.
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business-related funding is delegated and carried
out in Finland by Tekes (National Technology
Agency) and in Germany by ‘project leaders’
(Projekttrdger).

Collaborative research for R&D projects is preferred
because cooperation has advantages such as posi-
tive spillovers as well as cost and risk sharing (cf.
Audretsch, 2003). In an empirical study, Cassiman,
Veugelers (2002) and Dachs, Ebersberger, Pyka
(2004) explore the effects of knowledge flows on
R&D cooperation. Their results suggest that firms
with higher incoming spillovers and higher appro-
priation ability have a higher probability of cooper-
ating in R&D.

Networking and close cooperation between univer-
sities and industry are seen as a key strength in
Finland as well as in Germany. About 50 % of the
innovating companies in finland have been involved
in cooperative research and development. Judged
by the frequency in 1998-2000, suppliers (41 %),
customers and clients (38.1 %) as well as universi-
ties (29.1 %) are the most important partners for
collaborative research (Statistics Finland, 2002).
About one fifth of innovating firms collaborates
with competitors and research labs, even though
they are some of the least important collaboration
partners. According to OECD data, Finland has the
second largest share of firms with cooperation
agreements with universities or government
research institutes.>> Finland is also engaged in
international cooperation.

In Germany, during 1998-2000, 16.5 % of firms had
cooperation agreements (corresponding to 15.1 %
among SMEs and 46.4 % among firms with more
than 500 employees). In total, 15.3 % of the
German firms cooperate with partners in Germany
and 6.7 % have foreign cooperation partners.
Around 10 % of German firms cooperate with
universities.>® The share of firms with a cooperation
partner has declined in 1998-2000 relative to 1994-
1996. The only exception is the share of firms
cooperating with commercial laboratories and R&D
enterprises.>”

The comparison between the German and the
Finnish collaboration pattern reveals a strikingly
higher propensity to collaborate in Finland (Foyn,
2000). Two reasons may explain this: First, the small
size of the Finnish economy facilitates networking
due to comparably low transaction costs in finding

55 Sweden ranks first.
56 10.2 % (1998-2000) and 10.9 % (1994-1996).
57 Values based on CIS data.

the right collaboration partner. However, as rather
large differences in the propensity to collaborate are
found even in economies of comparable size such
as Austria (cf. Dachs, Ebersberger, Pyka, 2004; Foyn,
2000), size cannot be the sole factor explaining the
differences; secondly, strengthening of inter-firm
networking and cooperation, as well as science-
industry collaboration, has been a top priority of
Finnish technology policy. One could argue that
over the course of time, a collaboration culture has
developed in Finland as the country experienced a
longer history of collaboration-targeted public
funding policy than most other European countries
(Schienstock and Hamaldinen, 2001). Since the
National Technology Agency (Tekes) started its first
technology programme in the early 1980s, collabo-
ration has been a part of the financing principles
(see e.g. Lemola, 2002).5®

(c) Public funding system

Within the administration of German and Finnish
ministries, particular organisations (intermediaries)
are responsible for the R&D and innovation funding
process and have a central position in planning and
financing. In Germany, the administration of public
funds is mainly delegated to and carried out by
‘project leaders’ (Projekttréiger); in Finland this tasks
belong to the National Technology Agency (Tekes).

The German ‘project leaders’, generally research
centres and other organisations, are responsible for
the technical and organisational realisation of minis-
terial projects. Through all stages of the project,
qualified experts of different scientific and technical
areas and competent contact persons perform
several functions®® and ‘project leaders’ are the key
contact persons in the promotion of research. To
cope with the responsibility of the funds entrusted
to them®°, they must ensure that projects are
realised at a high professional level and that the
legal framework of the promotion of the project is
considered.

In the Finnish innovation system, Tekes (National
Technology Agency) is the counterpart to the
German project leaders. It focuses on supporting
firms as well as scientific institutes. It seeks to
promote the competitiveness of the Finnish industry
and service sector by promoting research and appli-

58 Tekes’ notion of collaboration includes different types of networks covering
the wide spectrum of activities from basic R&D up to marketing.

52 In particular, the following functions: (i) Conceptual work at the preparation
of new support programmes and emphases, (ii) project management (advi-
sory service for applicants, professional and administrative phase-out of
current projects, evaluation), (iii) supervision of EU support programmes, (iv)
support in international research cooperations and (v) public relations.

%0 ‘Project leaders’ hold in trust subsidies amounting to up to € 500 million per
year.
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Graph 2.9: R&D funding systems in Finland and Germany
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cations in the field of technological development.
Tekes coordinates national technology programmes
and provides funds for applied technical research.
Being in the administrative domain of the Ministry
of Trade and Industry, it also contributes to the
preparation of national technology policy. With its
share of 27.1 % of Government appropriations for
R&D (€ 392 million in 2003), Tekes is the largest
organisation in the field (Tekes, 2004a). In 2003,
Tekes supported R&D efforts by means of industrial
R&D grants (39.8 %), research funding to universi-
ties and research institutes (41.3 %), industrial R&D
loans (10.2 %) and capital loans for R&D to compa-
nies (8.7 %). The type of funding for companies
depends on the stage of innovation and the nature
of the project.

In Germany and Finland, industrial R&D grants run
from about 15 % to 50 %. Capital R&D loans run
from 35 % to 60 % and industrial R&D loans from
45 % to 70 % of eligible costs (Finland). In both
countries, funding is mainly restricted to domesti-
cally owned companies with domestic R&D activi-
ties. The funding share for research institutes and
universities ranges from 50 % to 100 % of the
eligible costs and is restricted to research work done
at the institute or university. Those projects are
usually cooperations with companies or other
research facilities. Technology programmes are initi-

ated by Tekes or the German ‘project leaders’ and
concentrate on specific technologies. The duration
of the programmes is about three to five years. Both
intermediators usually finance about half of the
costs of the programmes. The remaining financing
originates from the participating companies
(‘matched grant concept’).

Input and output indicators on R&D and innova-
tion

The Finnish government spent about € 1 400
million on R&D activities in 2002. Although this is
less than one tenth of the German government
support of about € 17 000 million, Finland spends
3.4 % of its GDP on R&D whereas Germany spends
2.5 % (2001). Moreover, the public R&D intensity
in Finland at 0.96 % exceeds Germany's by 16
percentage points (OECD, 2003).

In the late 1990s, Finnish government outlays for
R&D were markedly increased by a decision to allo-
cate € 500 million to research and development
over the years 1997 to 1999. This additional appro-
priation for R&D was financed by privatisation
revenues. In 1999, an additional increment (€ 250
million) was introduced permanently. The objective
of the additional appropriation was to foster the
national system of innovation and to create a bene-
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ficial environment for business, employment and
the economy. The final aim was to raise R&D to
29 % of GDP by 1999; this goal was already
achieved in 1998.

Between 1995 and 2001 Finland’s R&D expendi-
ture increased by a higher rate (90 %) than the
R&D expenditure in Germany (23 %). Aggregate
R&D expenditure in Finland is shaped by the
private ICT (Information and Communication
Technology) sector (Nokia effect’’). With
increasing importance of the electronics industry
its share of private R&D expenditure rose from

Concerning the outcome of funded R&D activities,
Germany and Finland have different incentive struc-
tures. The German Federal Government stimulates the
development of patent, licensing and exploitation
expertise in their funding procedures. When an R&D
recipient firm files an application it has also to submit a
plan for the utilisation of the outcome — initially in form
of an outline which subsequently will become more and
more detailed. All publicly funded R&D recipients are
expected and encouraged to assume responsibility for
their exploitation management. Wherever possible,
research findings have to be commercially utilised. In
order to give an incentive to the grant recipients, the

about 25 % in 1990 to about 54 % in 1999

Federal Government allows them to keep all proceeds
(Statistics Finland, 2001). patp

from the exploitation of patents for at least two years. If
the recipient does not apply for a patent within two
years, the R&D results become a public good (BMBF,
2000).In contrast to German practice, the funding
scheme in Finland does not give the funded companies
any additional incentive to patent the results of the
funded research.Box 2.3 briefly presents the evolution
of several R&D input and output indicators in Finland
and Germany for the period since 1990.

61 The European Discussion on ICT up to the early 1990s was dominated by
Finland and Nokia. (Finland as a typical large area country like Sweden has
long years of experience in the sector of mobile communication. In contrast
to other European countries, the infrastructural organisation is on behalf of
the single communes and not centralised. The consequence is that regional
traders have learned to provide common standards of technology.) Thus,
Nokia became the ‘third leg of Finland’s economy’ besides Wood and Paper,
and Metal (see Mosaic Group, 1998). The ‘Nokia Effect’ described the ICT-
led success of an economy. The term was established by the stock exchange
speculators to describe decreases in the technology values of other countries’
firm at the stock market caused by Nokia (cf. Ali-Yrkko et al., 2000).

Box 2.3

Gross Domestic Expenditure on R&D (GERD): Splitting GERD into its public and private shares shows that the ratio of public
to private R&D in Germany is constant at about 1:2 in the period under consideration. In Finland, the relative importance
of public R&D declined from 1990 to 2003: Public R&D expenditure could not keep pace with the fast increasing private
R&D expenditure fuelled by the successful electronics industry.

Government Budget Appropriations or Outlays for R&D by socio-economic objectives (GBAORD): Although GBAORD is much
lower in Finland than in Germany, it has grown at a higher rate in Finland. From 1990 to 2003 GBAORD rose by 113 %
in Finland whereas in Germany 2002 it increased just by 50 % between 1990 and 2002. Relative to GDP, both GBAORD
and GERD in Finland exceeded German figures by a small amount. Focussing on the composition of GBAORD in
Germany during the period 1990-2003, the share of the defence budget declined continuously, whereas general univer-
sity funding grew. In Finland, the most significant changes are a decline in space programme investments in favour of
the share of non-oriented research programmes.

R&D Personnel (FTE): Whereas the absolute number of researchers is higher in Germany, the pattern of growth shows
significant progress in Finland. In the period 1998-2000, the number of researcher grew by more than 30 % in Finland
and by 17 % in Germany. It has been argued that the success of the Finnish innovation system can be attributed to the
fact that, amongst other characteristics, it has been able to supply an ever-increasing number of science and engineering
graduates (c.f. Georghiou et al, 2003).

Beside these R&D ‘input’ indicators, some innovation outcome indicators (‘output’) such as patents have displayed a
remarkable catching-up in Finland in the 1990s. Patents play a key role in the innovation process, not only as an instru-
ment to protect inventions, but also as a source of information for the planning of further R&D activities. The number of
patents as an output variable is seen as an important indicator of a nation’s technological competitiveness in the future.

Number of ‘triadic’ patent families’?: The evolution in the number of triadic families in Germany is close to the evolution
in the European Union with a small decrease in the 1991 and a growth of about 30 % since 1990. In contrast, Finland
has experienced an increase of 170 % in this indicator, with a large increase in 1994 shortly before Finland became a
member of the EU and of the EPC (European Patent Convention).

Number of patent applications to the European Patent Office (EPO): Germany shows a trend close to that of the European
Union while in Finland this indicator had a much steeper growth. EPO applications in Finland show no significant increase
in 1994: this suggests that the hump in the 1994 triadic patents is more a consequence of the developments in the elec-
tronics field than the result of Finland’s EU or EPC membership.

Number of patents granted by the US Patent and Trademark Office (USPTO): Both Germany and Finland exceed the EU
average growth in USPTO patent applications. In contrast to the EPO and triadic patents, German patent applications
have grown much faster than Finnish applications at the USPTO. This suggests that German inventions, relative to Finnish
ones, are more directed to the US markets.

62 ‘A patent is a member of the [triadic] patent families if it is filed at the European Patent Office (EPO), the Japanese Patent Office (JPO) and is granted by the
US Patent and Trademark Office (USPTO)’, (OECD, 2003).
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2.4.1.3 Empirical analysis of public funding
cooperation and patent outcome

Focus of the analysis

This section reviews how different firm characteris-
tics affect the probability to patent. If significant
spillovers are produced by collaborative research
activities, firms participating in R&D networks will
exhibit higher innovation productivity. Following
the arguments by Hagedoorn, Cloodt (2003), the
patenting behaviour of firms is used as a proxy for
innovative performance. It is expected that R&D
cooperations show a higher productivity in terms of
patent applications due to positive spillover effects.
However, it is unclear how publicly funded research
networks differ from privately financed collabora-
tions. On the one hand, it may be that public R&D
networks are less productive. It could be the case
that the focus on cooperative research of modern
public technology policies forces firms to collabo-
rate in order to receive public grants. If policy
schemes had been different, those firms might have
preferred to keep their knowledge secret and
conduct only research projects on their own. In this
case, the publicly funded R&D networks would not
benefit from spillovers as firms pursue secrecy
concerning their research when interacting with
their research partners involved in the project. On
the other hand, publicly funded networks and the
partners involved may exhibit a ‘higher quality’ of
research carried out as the research projects have
passed the governmental quality control. Non-
public R&D cooperations could have failed in such a
process or only dealt with research less important
for technological progress (cf. Czarnitzki, Fier,
2003).

The analysis focuses on the impact of public
funding on innovative output. As public funding
schemes both in Germany and in Finland focus on
inducing companies to engage in collaborative
research, both the effect of public funding and that
of collaboration must be considered. The analysis
addresses the following questions:

* Question 1: Do funded companies have a higher
innovation output than their output would have
been, had they not received funding?

e Question 2: Do funded and collaborating compa-
nies exhibit a higher innovation output compared
with the situation of neither collaboration nor
funding?

e Question 3: Does collaboration increase innova-
tion output, even if no funding is involved?

——

e Question 4: Does funding increase innovation
output, even if no collaboration is involved?

e Question 5: Given that companies collaborate
and receive funding, what would have happened
if these firms had not received funding?

e Question 6: If a collaborating but non-funded
company is funded, does this increase the innova-
tive output?

Neither the fact that companies receive public
funding for their R&D nor the fact that companies
collaborate for innovation can be reasonably inter-
preted as the result of a random process. Both
receiving funding and collaboration are subject to a
selection bias. Concerning funding, companies
themselves choose to apply or not to apply for.
Also, the funding agency selects from the pool of
applications based on certain criteria. As collabora-
tion for innovation is part of the companies’ inno-
vation strategy; it is the companies themselves that
choose whether or not to collaborate. The selection
bias results in the empirical fact that the group of
funded companies is quite different from the group
of non-funded ones, as well as the group of collab-
orating companies is quite different from the group
of non-collaborating ones. The presence of this
selection bias requires that an appropriate estima-
tion procedure be used — see Appendix 3 for more
information on data, methodology and estimation
results.

Estimation results®3
Variable description

The main question of this analysis is whether patent
activities of firms are stimulated by public funding
and/or cooperations. This patent activity is meas-
ured with a dummy variable (PATENT), indicating
whether the particular firm has filed at least one
patent application during the past three years.
About 27 % of German and 16 % of Finnish firm in
the sample have filed at least one application.5*

Explanatory variables include two dummy variables:
collaboration (CO), and subsidised arrangements

63 Appendix 3 presents in more detail the data sources, methodology and
econometric results. See also ‘European Productivity, Innovation and Public
Sector R&D’, background study prepared for the 2004 edition of the Euro-
pean Competitiveness Report.

¢4 The data used for the empirical analysis are from the Community Innovation
Survey (CIS). In this analysis, the period used is 1994 to 2000 based on data
from CIS Il and CIS Illl. CIS data has been complemented by data taken from
Statistics Finland’s employment register as well as from patent statistics. With
regard to the German database, West German companies instead of all
German companies are used since West German firms are most similar to
Finnish companies.
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(FUNPUB).%> The share of firms performing collabo-
rative research is about 17 % (Germany) and 34 %
(Finland). In the German (Finnish) sample, about
12 % (26 %) of all firms get an R&D subsidy. Other
variables to control for firm heterogeneity are also
used. Firm size is captured by number of
employees, EMPL. The square of this variable,
EMPL?, is also included to allow for non-monoto-
nicity.®® Export orientation, EXQU, is measures as
exports divided by turnover. The patent stock,
PATSTOCK, summarizes the historical technological
experience and level of innovation activities. In
addition to previous patenting activities, the current
potential to patent clearly depends on the current
R&D engagement of firms. This is measured by the
number of R&D employees divided by number of
employees (share of R&D employees, RDEMP) and
its squared value is also included. Eight sector
dummies capture different technological opportuni-
ties among business sectors. Finally, a time dummy
reflects the changes in patenting activities over
time.

Probability to patent

A first regression estimates the impact of the various
explanatory variables on the probability to patent.
Table 2.13 displays these results - the coefficients
have no straightforward interpretation other than
their sign and statistical significance.

A positive and significant coefficient for FUNPUB
indicates that funded firms exhibit a significantly
higher probability to file a patent than non-funded
firms. This holds true for both Germany and

65 Collaboration in this context means the active collaboration of all partners
involved in the project; contracting-out of R&D is excluded.

% From a theoretical point of view, it would be desirable to include a variable
indicating the age of the company. As the Finnish data does not contain reli-
able information on this an age variable is not included in either case.

——

Finland. A positive impact of collaboration on the
propensity to patent in both countries is also
evident as is the impact of patenting history of the
companies (captured by the variable patent stock).
It is likely that this stems from experiences in the
patent application procedure at the national or
international patent offices.

Furthermore, larger firms are more likely to file a
patent. The Finnish results suggest that beyond a
size of approximately 1 700 employees, the propen-
sity to patent declines with size, while the German
sample suggests a turning point of 1250
employees®”. Despite the statistical significance of
the negative coefficient in the squared employment
term, the employment values in the sample are
mainly below the peak value in both countries®®
indicating a positive relationship between firm size
measured by employment and propensity to
patent. An inverted U-shaped influence can also be
found for the R&D employment variable. In the
Finnish case, the probability to patent increases up
to a level of 18 % of highly educated employees
and decreases beyond that value. The German esti-
mates suggest a share of R&D employees of about
60 % to be the peak of influence of employment in
R&D. The different results in magnitude of the peak
values for Germany and Finland can be attributed
to the different entities measured by the variable in
both country samples (see Appendix 3). Again, the
data show that in the region of declining influence
of employment in R&D only few firms are present in
both countries suggesting that in the relevant range
the impact of R&D employment on the propensity
to patent is positive. In general, these firms are
small and operate in high-tech sectors. Here,

67 Employment is measured in thousands. The inverted U-shaped relation
results from the negative sign of the coefficient of the squared size.

%8 Firms with size above the turning point are less than 0.5% in Finland and less
than 4% in Germany.

Table 2.13: Estimation of patenting probability

Germany Finland
PATENT Coefficient Coefficient
EMPL 2.195%** 1.247 %%
EMPL2 -0.878*** -0.370*
RDEMP 5.286*** 4.433**
RDEMP2 -4.748*** -12.786*
PATSTOCK 0.8771*** 0.926***
EXQU 0.915%** 0.526***
FUNPUB 0.375%*** 0.462***
co 0.621*** 0.688***
_CONS -2.532%** -2.577***

Note: A Probit model was used in the estimation. *** (**, *) indicate a significance level of 1 % (5 %, 10 %); equations include eight industry dummies

and one time dummy.
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Table 2.14: Impact on probabilities

of receiving funding and of cooperating

Germany Finland
FUNPUB Coefficient Coefficient
EMPL 1.187*** 1.861%**
EMPL2 -0.399** -0.649***
RDEMP 6.252%** 5.778***
RDEMP2 -5.110%** -13.607**
PATSTOCK 0.322%** 0.555%**
EXQU 0.213 0.833***
_CONS -2.079*** -1.588***
co Coefficient Coefficient
EMPL 1.374%* 3.165%**
EMPL2 -0.442%** -1.470%**
RDEMP 5.837 %+ 2.555*
RDEMP2 -4.809*** -4.190
PATSTOCK 0.289*** 0.496***
EXQU 0.533%** 0.742*
_CONS -1.917%** -1.100
RHO 0.459*** 0.737***

80

Note: Bivariate probit estimation on FUNPUB and CO. *** (**, *) indicate a significance level of 1 % (5 %, 10 %). All estimations include eight industry

dummies and one time dummy.

secrecy instead of patenting may be preferred
because with the patent disclosure, knowledge
assets become at least partly public.5®

Table 2.14 presents the impact of the different
explanatory variables on the probability of being
funded (upper panel) and on the probability of
collaborating (bottom panel).

Probabilities of collaborating and of being funded

Fundamentally, the data support the hypothesized
selection bias as the group of funded (collaborating)
companies is significantly different from the group of
non-funded (non-collaborating) companies. The
regressions yield comparable results for both coun-
tries. One of the differences relates to the significant
influence of the squared R&D intensity in the estima-
tion of the German sample. For companies with more
than 60 % R&D employees, the regressions reveal a
decreasing likelihood to collaborate on innovation. As
mentioned previously, these companies are generally
small and operate in high-tech sectors, where innova-
tion competition can be regarded as exceptionally
fierce. The reluctance to collaborate may be caused by
the companies’ fear of losing marketable knowledge.
This effect is not present in the Finnish data.”®

%% Note that patents are published in Europe 18 months after the (first) appli-
cation, even though the patent may not have been granted yet (see e.g.
OECD, 1994, p. 27).

70 The coefficient of the squared R&D employment is not statistically significant
for Finland, therefore the higher the share of R&D employees the higher
propensity to collaborate.

The second difference is the influence of the export
orientation on the companies’ propensity to receive
funding. In the Finnish sample, there is a highly
significant positive influence. In the German
sample, the influence is not significant at the 10 %
level. As the National Technology Agency (Tekes),
which distributes the largest fraction of project-
related funding in Finland, puts strong focus on the
economic viability of the results of the funded
project, special effort is put on the companies’
competitiveness and the competitive advantage of
the technology involved in the project (cf. Tekes,
2004a). In a small open economy, the companies’
competitiveness leads to an emphasis on export-
oriented companies.

Finally, on the basis of an econometric technique
that addresses the selection bias problem, the main
conclusions concerning each of the six questions
dealing with the influence of R&D collaboration and
public funding on patenting activity are
summarised below.”!

Question 1: Do funded companies have a higher
innovation output than their output would have been,
had they not received funding?

71 These results are based on a matching estimator using the propensity scores
on the collaboration and funding variables derived from the regression
presented in Table 2.14. More details on this estimator and on the econo-
metric results can be found in Appendix 3 or in ‘European Productivity, Inno-
vation and Public Sector R&D’, background study prepared for the 2004
edition of the European Competitiveness Report.
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This question concerns the differences between
companies that receive funding and those that do
not. In both countries, the average company not
receiving funds is smaller, less R&D-intensive, has a
lower level of past technological experience and a
lower export orientation. Also, the average funded
company reveals a significantly higher propensity to
patent than the average non-funded company. The
differences in the propensity to patent in the
German and the Finnish sample are most likely
caused by the different composition of the samples.

Funded companies in Finland are smaller but consider-
ably more export-oriented than the German compa-
nies. About 63 % of the funded German companies,
but only 37 % of the Finnish companies, have patented
before. After controlling for other characteristics that
differentiate these two groups, differences in the
average funded and the average non-funded company
vanish: on average, both groups have an equal proba-
bility of receiving funding and of collaborating. Yet, a
significant difference in the propensity to patent
remains. Funded companies have a higher likelihood to
patent than non-funded companies. Funding increases
the probability to patent by 75 % in Germany. In
Finland, however, funding causes the patenting proba-
bility to double. This means that both in Germany and
in Finland public funding exerts a positive influence on
the funded companies’ propensity to patent. Regard-
less of their collaboration behaviour, public funding
exhibits a positive impact on the funded companies
innovative output.

Question 2: Do funded and collaborating companies
exhibit a higher innovation output compared with the
situation of neither collaboration nor funding?

After controlling for firms’ characteristics, on
average, the initial dissimilarity between the two
groups (firms which collaborate and are funded vs.
those which do neither) vanishes. In both groups,
Germany shows a relatively higher propensity to
patent (70.8 % in the collaborating/funded group
and 47.1 % in the other group after controlling for
characteristics) than Finland (46 % and 12.8 %,
respectively). Yet, the impact of simultaneous
collaboration and public funding is larger in Finland
(33.2 %) than in Germany (23.7 %). Both effects
are significant. The impact of public funding is even
more pronounced if public funding induces compa-
nies to collaborate.

Question 3: Does collaboration increase innovation
output, even if no funding is involved?

This question focuses on the impact of collaboration
in the absence of public funding. There is a signifi-
cantly positive impact of collaboration, even in the

situation where no public funding is granted. The
magnitude of the impact, however, differs between
German and Finnish firms. In the absence of public
funding, collaboration increases the propensity to
patent by 22.4 percentage points in the German
sample, whereas the increase in the Finnish sample
only amounts to 14.4 percentage points. Thus,
even without public funding, increased collabora-
tion has a positive impact on companies that collab-
orate, compared with their situation had they not
collaborated.

Question 4: Does funding increase innovation output,
even if no collaboration is involved?

This case investigates whether funding increases
innovative output even if companies do not collab-
orate. The results reveal a significantly positive
impact of public funding, even if companies do not
change their collaboration behaviour. For the
sample of non-collaborating firms, public funding
has a positive impact on the innovative output of
funded companies.

Question 5: Given that companies collaborate and
receive funding, what would have happened if these
firms had not received funding?

This case investigates whether funded and collabo-
rating companies would have achieved equal inno-
vative output had they not been funded. The results
for the German sample suggest that, once compa-
nies collaborate, funding does not increase the
innovative output. Having concluded that funding
together with collaboration (Question 2) has an
impact on the innovative output and collaboration
without funding also yields positive effects (Ques-
tion 3), it can be said that in Germany, funding
does not significantly increase innovative output
once companies collaborate. The result on Question
4 for the German sample indicates that among the
companies that do not collaborate, public funding
does cause an increase in innovative output. The
result here suggests that the impact of public
funding varies according to the collaboration deci-
sion of the firms. In the Finnish sample, however,
even if companies decide to collaborate, funding
has a positive impact. In contrast to the results for
Germany, funding exerts a positive impact regard-
less of the collaboration decision in the case of
Finland.

Question 6: If a collaborating but non-funded
company is funded, does this increase the innovative
output?

This question investigates whether removing funding
has a negative impact on the innovative output.
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Consistent with the findings for Question 5, there is
no impact in the German sample but in the Finnish
data the impact is significant. Even more so, it is of
the same magnitude (but the opposite sign, of
course) as the impact in the context of Question 4.

A Summing up

The evidence reviewed here concerns the signifi-
cance of innovation policies and R&D collaboration
in Germany and Finland as representative of the set of
such policies used in the Member States. Although
both countries have very similar innovation policies,
they have very different records of success. In
Germany, as in other large EU Member States, there
has been a moderate increase of R&D investments
whereas Finland is representative of the success
smaller Member States have seen in recent years.

Particular attention was paid to the significance of
collaborative research. The effects on the innovative
output of companies, measured by their patenting
activity, of both public funding and R&D collabora-
tion were analyzed. The main conclusion from this
case study is that public funding and collaboration
have a positive impact on innovative output for firms
in Finland. In Germany, however, only collaboration
and the combination of subsidies with collaboration
show significant effects. Through this crucial mecha-
nism policy makers can improve Europe’s innovative
performance by means of the ‘Action Plan 2010’ -
incentives for R&D collaboration seem a particularly
promising recipe. The relevance of collaboration in
fostering innovative performance identified in this
analysis reflects the importance of the interconnec-
tions between public and private agents in driving
innovation. Itis precisely in this area that the EU tends
to score low relative to the US where public and
higher education research institutions have devel-
oped a far more effective system of linkages with the
world of innovation.

In Germany there appears to be a large innovation
potential in the group of firms that receive R&D
subsidies but do not engage in collaboration. This
potential could be exploited by having recourse to
R&D collaborations. In Finland this effect is substan-
tially smaller, possibly due to the high share of firms
already engaged in collaboration.

2.4.2 Impact of government funding on
R&D and innovation: the case of Austria

2.4.2.1 Introduction

This second country case study is devoted to
Austria, another typical medium-size country. Con-

——

trary to the case study of Germany and Finland,
which focused on the propensity to patent, the
present one measures the outcome of public
support for innovation in terms of innovation inputs
and outputs. The input side of innovation is meas-
ured by the intensity of R&D expenditures.”? The
output of innovation is measured by the share of
total sales due to innovative products, i.e. new or
substantially modified products. Moreover, the
share in sales of new products can relate to prod-
ucts new to the firm or new to the market. The
former includes true innovation and imitation, the
latter only true innovations. Both dimensions of
novelty will be examined.

The objective is to evaluate whether firms that
receive government support are performing better
than those that do not receive funding for innova-
tion. Public support can relate to R&D expenditures
but also to other innovation activities like
promoting new products and providing informa-
tional support for the introduction of new products.
The relative effectiveness of national versus EU-orig-
inating public support is also considered here.

As before, the analysis uses micro data from the
latest Community Innovation Survey, CIS 3,
covering the years 1998-2000. The data make it
possible to examine the effect of government
support both on the propensity to be innovative
and on the amount of innovation.

2.4.2.2 Data

The analysis is based on the CIS 3 microdata for
Austria covering the period 1998-2000.

Respondents were asked the following questions:

e During the period 1998-2000, has your enter-
prise introduced into the market any new or
substantially improved products?

e During the period 1998-2000, has your enter-
prise introduced any new or substantially
improved production process?

e By the end of 2000, did your enterprise have
any ongoing innovation activities?

72 The Community Innovation Surveys contain information on another
(broader) definition of innovation inputs, the expenditures on innovation,
comprising intramural and extramural R&D, acquisition of machinery and
equipment for the production of new goods, the costs of acquisition of
patents, licenses, know-how, training for innovation, design, and market
introduction of new products. Statisticians do not consider these
responses very reliable and report many non-responses on this question.
It was therefore decided to consider only R&D expenditures as a measure
of innovation inputs.
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Table 2.15: Distribution of innovator types in Austria, 1998-2000

Number of Percentage all Percentages with
observations firms respect to
innovating firms
Total 1287 100 %
Innovators 546 42 % 100 %
New to firm product innovators 418 32 % 77 %
New to market product innovators 190 15 % 35%
Process innovators 346 27 % 63 %
Ongoing innovation activities 409 32 % 75 %
Abandoned innovation activities 63 5 % 12 %

* During the period 1998-2000, did your enter-
prise have any innovation activities that were
abandoned?

A first way to characterize innovators is to consider
as innovators those that have responded ‘yes’ to
any of those four questions. It is also possible to
consider different types of innovators - product
innovators are those who have responded affirma-
tively to the first question, process innovators those
who responded affirmatively to the second question
and potential innovators those who had either
ongoing but incomplete innovation activities or
those who were not successful in their innovation
activities in the three year time-span. Among
product innovators, it is possible to identify innova-
tors with products new to the firm but not to the
market, those who are imitators, and those with
products new to the market who can be regarded
as true innovators.

The final data set”® consists of 1287 observations.
Of those, 42 % declare themselves as innovators.
Among those, 77 % are product innovators offering
products new to the firm and a lower fraction,
35 %, have come up with products new to the
market, 63 % innovate in processes, 75 % are
unsuccessful or not yet successful innovators, and
12 % have had to abandon some innovation proj-
ects - see Table 2.15. Clearly, a firm may belong to
various groups of innovators. Almost half of the
Austrian innovators are both product and process
innovators, and many successful innovators during
the period 1998-2000 have ongoing innovation
activities which might produce new processes or
new products in the future. The remainder of the
analysis focuses on product innovators because only
for these does the CIS 3 dataset contains data on
innovation.

73 For details on how the final dataset was constructed from the original dataset
see ‘European Productivity, Innovation and Public Sector R&D’, background
study prepared for the 2004 edition of the European Competitiveness Report.

Distribution of various types of government
support

In the CIS 3 dataset, firms are asked about four
sources of public support for innovation: local and
regional government, central government, the EU
and, in particular, the EU 4% and 5™ Framework
Programmes for RTD. The central government,
including agencies working for the central govern-
ment, is the most often cited source of public support
for innovation, followed by the local government,
the EU and the Framework Programmes for RTD, be
it for innovators, R&D performers, new to firm or new
to market product innovators. Again a firm may
receive various kinds of public support.

Table 2.16 indicates that R&D performers are more
likely to obtain support for innovation than the
innovators. Support for innovation is thus more
concentrated on the input side than on the output
side of innovation. It is also noticeable that new to
market product innovators are more likely to receive
public support of some kind than new to firm
product innovators.

2.4.2.3 Methodology

Are firms that receive government support more
innovative than those that receive no governmental
support? Two sides of the innovation process can be
examined: on the input side, R&D expenditures, and
on the output side, the share of innovative sales.
Graph 2.10 illustrates the relation between govern-
ment intervention and innovation activities. R&D
feeds into the innovation process, which yields new
products while government intervention can affect
the input and/or the output side of innovation.

Econometric model

Since the CIS 3 questionnaire asks only innovators
about sources of government funding, it is not
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Table 2.16: Distribution of government support among innovators, Austria, 1998-2000

All R&D New to Firm New to Market
Innovators performers Product Product
innovation innovation

Nb Perc. Nb Perc. Nb Perc. Nb Perc.
Local Government funding 113 (20.7 %) 78 (25.8 %) 89 (21.3 %) 56  (29.5 %)
Central Government funding 172 (31.5 %) 150 (49.7 %) 145 (34.7 %) 91 (47.9 %)
EU funding 64 (11.7 %) 51 (16.9 %) 51 (12.2 %) 32 (16.8 %)
4th or 5t RTD Framework 46 (8.4 %) 40 (13.2 %) 39 (93%) 22 (11.6 %)

possible, as in the cross-country comparison between
Germany and Finland, to compare the means of inno-
vation output between supported and non-supported
firms but only the means among innovators of
different types. This leaves too few observations to use
a matching estimator where each firm receiving
support is matched to a similar firm receiving no
support, thereby controlling for other determinants
like size, network or industry affiliation. The alternative
is then to model the endogeneity of innovation and of
public support.

The model treats government support, R&D and
innovative sales as endogenous. Box 2.4 describes
the model in a formal way and specifies the distri-
bution assumptions about the error term.”*

e The first two equations deal with the determi-
nants of government support for innovation.
Two sources of support are considered: those
emanating from the central government and

74 For a presentation of the asymptotic least squares estimation procedure that
is used to estimate this model see ‘European Productivity, Innovation and
Public Sector R&D’, background study prepared for the 2004 edition of the
European Competitiveness Report.

those emanating from the EU.7> As modelled in
Gonzélez, Jaumandreu, Pazé (2004), firms form
expectations about government funding for
innovation from domestic and EU sources.
These expectations then enter the R&D and
innovation output equations.

e The third equation concerns the determinants of
(intramural and extramural) R&D. Since not all
firms are R&D performers, there might be a
selection bias if only firms that perform R&D are
considered. To correct for selectivity, a Tobit
model, which posits a latent variable that
explains simultaneously the R&D intensity equa-
tion and the observed non-R&D performing
enterprises for which the latent variable falls
below a critical threshold, is used.

e The fourth equation concerns innovation
output. The focus is on product innovations for
which the dataset provides both qualitative
and quantitative information. Since there are

7> The CIS 3 dataset for Austria is too small to analyse separately the four sour-
ces of government support contained in the questionnaire.

Graph 2.10: Government funding and innovation activity

Input measurement Output measurement
of innovations of innovations
R&D Innovation New products

Government intervention
(Funding)
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Box 2.4: Model equations

g;om :alzl +€1 > O; = 0 Othel’Wise

gZ;U =a,z, + &, > 0; =0 otherwise

R& D =0if R*=ﬂrlz3+ r2g20m+ r3g2U+8rSO,’

=R*if R*>0

inno =0
= inno * if inno* >0
where

1
1,1, o, and o, standard deviations;

z,,2,,2,,and z, are control variables;

17

Z.n (domestic government support),

if inno* = BuzZy+ Bir8iom t Pi&ey + BiuR*+g,20;

€,, €,, €, & are normally distributed error terms with zero means and, respectively,

gw (EU government support), R&D

(R&D/sales), and inno (share of innovative sales) are the endogenous variables.

both innovators and non-innovators, it is
necessary to use again a Tobit model with a
latent variable that is equal to the observed
intensity of innovation for innovators and
which falls below the innovation threshold for
non-innovators. Two variants of this model are
used, in one the innovation output is
composed of products new to the firm (corre-
sponding to imitators and true innovators) and
in the other it consists of products new to the
market (characterizing true innovators). The
latent variable for R&D enters the latent vari-
able for innovation. The more R&D firms do,
the higher the chance they come up with a
new product. Government support for innova-
tion can thus affect innovation output directly
or indirectly by stimulating R&D.

This model allows to analyse which type of
government support has a significant effect on
innovation, and whether is affects innovative sales
directly or via R&D. Endogeneity and selectivity
are explicitly taken into account in the estimation
of the model.

Information necessary to estimate this model is only
available for the 42 % of firms in the sample that
are innovative in some way. The analysis is done
only for this sub-sample of innovating firms.

Control variables

In each equation, there are controls variables for
determinants other than the policy and innovation
variables. The main control variables used are:”®

Industry Dummies

Dummy variables account for industry specific effects
in each equation. The government might be more
willing to foster certain industries, like biotechnology,
because it is promising to invest in new technologies.
Due to data restrictions, industries are classified in
three clusters: the high-tech cluster (vehicles, chemi-
cals, machinery, electrical products, plastics,
telecommunication, computer services, engineering
services, support auxiliary transport activities, and
not elsewhere classified industries), the low-tech
cluster (food, textiles, wood, non-metallic mineral
products, basic metals, supplies, finance and trans-
portation), and wholesale industry, which is strongly
represented in the sample;

76 The choice of the control variables in the model is not a trivial one. To identify
the parameters of the model it is necessary to impose exclusion restrictions, i.e.
exclude some explanatory variables in some of the equations in order to iden-
tify the other ones. The choice of exclusion restrictions is partly done on theo-
retical grounds (sources of information are more likely to determine innovation
directly than through government support), and partly based on the signifi-
cance of estimated coefficients. Non-significant coefficients might be bad
instruments to identify other key parameters of the model.
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Domestic Group

Governments might be less willing to intervene if
firms belong to a group because it is expected that
these firms benefit from group support;

Foreign Group

Government might be even less willing to finance
projects of subsidiaries of foreign companies using
taxpayers’ money but to favour domestic firms. The
group variables are dichotomous appearing only as
determinants of financial support;

Size

Large firms might innovate more and do more
R&D. Government support may be targeted more
towards SMEs but it might also be concentrated in
large firms if government is too risk averse to
finance R&D in small firms. Size is measured by the
logarithm of the number of employees and enters
as an explanatory variable in each equation;

Competition

The more competition a firm faces, the more assis-
tance might be considered to be a good policy.
Competition is measured by whether or not the
international market is the perceived predominant
market;

Cooperation

When financing research or innovation, the govern-
ment normally supports the collaboration of firms at
the research stage, especially with universities and
research institutes. Cooperation is a dichotomous
variable directly constructed from CIS 3. Competi-
tion and cooperation affect R&D and innovation
only through government support.

Human Capital

The higher the qualification of workers, the higher
the capacity of the firm to succeed in the innova-
tion process. Human capital is constructed as the
number of workers with higher education divided
by the total number of workers in the firm. It enters
as a determinant of R&D intensity.

Appropriability problems

The capacity to appropriate the output of research,
be it by patenting, by secrecy or other means, is

——

regarded as a significant determinant of R&D (see
Cohen, Levin, 1989). Appropriability problems are
proxied by the perceived importance of economic
risk as an obstacle to innovation.

Financial difficulties

Because the market failures in information goods,
innovators might find it difficult to obtain appro-
priate financing for their innovation. Financial diffi-
culties are measured by the perceived difficulty in
access to finance.

Externalities form science

The other possible important source of information
necessary to control for are externalities deriving
from basic research at universities and public
research institutions. Appropriability, access to
finance and externalities are binary variables.
Human capital, appropriability problems, financial
difficulties and externalities from science enter as
determinants in the R&D intensity equation.

Externalities form clients

Clients are often recognized as an important source
of information concerning the needs in the market
(see von Hippel, 1988). In the case of product inno-
vations, it seems reasonable to expect information
from clients to have an influence.

2.4.2.4 Results

Table 2.17 presents the magnitude and the direc-
tion of the marginal effects of the various explana-
tory variables on the probability of receiving
government support for innovation. When a firm
shifts from a low-tech industry to a high-tech
industry it increases its probability of obtaining
government support. For example, support from
the central government increases in that case by
11.1 percentage points, EU support by only 3
percentage points. In Austria, the wholesale trade
sector is more likely to get support from the
national government or the EU than the low-tech
sectors. Firms that belong to a group are less likely
to get innovation support, probably because they
are supposed to have access to resources emanating
from the group. Government is even less likely to
finance firms belonging to foreign groups, probably
because taxpayers’ money is supposed to help
domestic firms. The national government prefers
funding firms that are independent, that have a
certain size, that operate mostly in foreign markets,
that cooperate in innovation activities and that
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Table 2.17: Marginal effects of determinants of various sources of innovation support, Austria, 1998-
2000, CIS 3, probit estimation

Support from central Support from the Support from Support from European

Government European Union national sources Union and 4t or 5" RTD
(local or central Framework
Explanatory variables Government) Programmes
High-tech sectors -0.573%** -0.389*** -0.470*** -0.408***
Low-tech sectors -0.624*** -0.419%** -0.586*** -0.435%**
Wholesale trade -0.598*** -0.363*** -0.530*** -0.379%**
Austrian group -0.147*** -0.084*** -0.197*** -0.085***
Foreign group -0.126*** -0.127*** -0.216*** -0.122%**
Size 0.077*** 0.046*** 0.083*** 0.048***
Competition 0.152%** - 0.180** - -
Cooperation 0.129*** 0.173%** 0.127*** 0.17 7%+
Financial difficulties 0.105*** - 0.117*%* - -

*Significant at 10 %, **significant at 5 %, ***significant at 1 %

experience difficulties in financing their innovation.
Firms that face international competition have a 15
percentage points higher probability to be funded
by the central government. Enterprises which coop-
erate in innovation are more likely to get help from
both national and EU sources. Doubling size
increases by 7.7 percentage points the probability
of receiving support from the central government
and by 4.6 percentage points from the EU. Support
from national sources is more responsive than from
EU sources. There is not a substantial difference in
the factors determining local and central govern-
ment support or EU and RTD support for innova-
tion, but there is some difference between national
and EU support in general.

Table 2.18 reports the estimation results obtained
with the broad measure of innovation: products
new to the firm, i.e true product innovators
together with imitators. Table 2.19 reports the
results for the narrower measure of innovation:
products new to the market, corresponding to true
product innovators. As expected, the major differ-
ence between the two variants of the model is in
the innovation equation. Since the variant with true
innovators selects a more homogeneous set of
firms, the estimates of variant 2 are slightly more
precise.””

As the comparison of columns 1 and 3 of Table 2.18
reveals, when government support is treated as

77 In both cases, the Sargan test of overidentifying restrictions does not reject
the null hypothesis that the overidentifying restrictions hold, even with a
10 % margin of error, when government support is explained by the model.
In this sense the data do not reject the model specification. When govern-
ment support is treated as exogenous, however, the Sargan test rejects the
model specification at the 5 % level.

endogenous, as it should be, the effect on R&D inten-
sity of some of the exogenous variables (central
government support, human capital and science
externalities) doubles. Central government support
appears to be one of the most important determi-
nants of R&D. Receiving central government support
increases by 2.3 percentage points the intensity of
R&D, which is a high value given that the mean R&D
intensity is 2.8 %. Doubling the number of
employees decreases R&D intensity by half a
percentage point. One percentage point increase in
human capital, which is large given the mean value of
human capital of 5.2 percentage points, is connected
to only one tenth of a percentage point increase in
R&D intensity. The only other significant effect comes
from the science push: ceteris paribus, firms that
benefit from information emanating from universities
or government labs have an R&D intensity 1.1
percentage point higher.

Unlike for R&D intensity, treating government
support measures as endogenous or exogenous
makes hardly any difference on the estimates of the
innovation equation (compare columns 2 and 4 in
Table 2.18). R&D has a significant effect on innova-
tion. The rate of return of R&D in terms of innova-
tive sales is of the order of 10 %. The externalities
due to clients increase the innovation intensity by
half a percentage point. The higher intensity of
innovation in high-tech than low-tech and in low-
tech compared to wholesale trade reflects and
confirms the ad-hoc classification used here.

Columns 5 and 6 report the marginal effects when
central and local government support are merged
(under the title ‘national government support’) and
EU support is merged with RTD support from the
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Table 2.18: Marginal effects of determinants of new to firm product innovations, Austria, 1998-2000,

CIS 3, ALS estimation

Exogenous support

Endogenous support

R&D Innovative R&D
sales

Innovative R&D
sales sales sales

Innovative R&D Innovative

Central
government
support 0.010*** 0.023***

EU support 0.004 0.000

National
government
support

All EU

support

R&D 1.106***
High-tech

industries -0.008** 0.143*** 0.022

Low-tech

industries -0.017%** 0.1715%** 0.015

Wholesale
trade -0.018*** 0.080*** 0.010

Size -0.000 -0.010 -0.005***

Human

capital 0.064***
Appro-

priability 0.001 0.005
Financial

difficulties 0.003 -0.004

Externalities
from science

0.130%**

0.005*** 0.01 7%

Externalities

from clients 0.052%**

1.097***

0.150*** 0.009

0.123*** 0.001

0.023*** -0.004

-0.001 0.016

0.017**

0.000
1.070*** 1.087**

0.150*** 0.021* 0.187**

0.122%** 0.013 0.156**

0.085*** -0.003 0.084** 0.009 0.113
-0.010 -0.003** -0.010

-0.005*** -0.013

0.1713***

0.128***

0.003 0.005

-0.002 -0.004

0.010*** 0.07 7%

0.050** 0.051** 0.053**

* Significant at 10 %, **significant at 5 %, ***significant at 1 %.

Notes: Columns 1 and two report the results of the estimation treating innovation support as exogenous; the remaining columns treat support as
endogenous. Columns 5 and 6 presents results using ‘national government support’ by merging central and local government support, and ‘all EU
support’ by merging EU support with RTD support from the 4t and 5t Framework Programmes. Estimation results presented in columns 7 and 8

allow for a direct effect of support measures on innovation.

4% and 5% Framework Programmes (under the title
‘all EU support’).”® The effects are of similar magni-
tude as when only two of the four measures are
singled out (previous columns).

The last two columns of Table 2.18 report the results
of the experiment when government support meas-
ures are allowed to affect innovation directly in addi-
tion to their indirect effect through R&D. The results
suggest that direct effects are not significant.

It is noticeable that EU support always turns out to
be non-significant. Since a large fraction of firms

78 Collinearity would not allow the estimation of the separate effects of all four
sources of innovation support.

that receive central government support also get EU
support it is likely that the effects of the latter are
confounded with those of the former. It may also be
the case that some EU money is handed out by
national agencies and is perceived by firms as being
nationally funded. Financial difficulties and appro-
priability problems play no significant role on R&D,
nor does size on innovation.

Table 2.19 reports the marginal effects of the
explanatory variables for the new-to-market product
innovations. An increase in the marginal effects when
the public support measures are treated as endoge-
nous is again apparent, also in the effect of R&D on
innovative sales. The robustness of the results to the
use of two specific versus two merged government
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support measures is also confirmed. The marginal
effects of the explanatory variables on new to market
product innovations are similar to those on new-to-
firm product innovations, except for the rate of
return on R&D: where € 1 of R&D generates € 0.53
of sales of products new to the market against € 1.1
of sales of products new to the firm. Therefore, the
rate of return on R&D is only half as high in gener-
ating sales of products new to the market as in
generating sales of products new to the firm only.”
The major difference between true innovators and
the group true innovators together with imitators is
in the specification presented in the last two columns
of Tables 2.19 and 2.18 which allows for direct
effects of government support on innovation. Central
government support leads to an increase of 2.7
percentage points in innovative sales (for an average
of 2.8 percent) in addition to the 0.7 (0.023*0.303)
percentage points due to the indirect effect through
R&D. The total effect of central government support
measures amounts to 3.3 percentage points.

2.5 Conclusions

The aim of this chapter was to analyse empirically
the influence of public sector R&D on output and
industrial innovations in the European Union. Since
the gap in public research spending (measured as
higher education and government sector R&D)
between the European Union and the United States
is quite small, government policies should be
directed at stimulating business R&D spending. The
two main policy tools are to provide favourable tax
treatment for firms who undertake R&D or to
directly subsidise private R&D projects.

Using industry-level data for EU countries for the
period 1987-1999, the results suggest that govern-
ment-financed R&D expenditures complement
domestic industry-financed expenditures on R&D. In
terms of marginal impacts of public funding, an
increase of € 1 on government financed R&D
produces an additional € 0.93 in domestic industry
R&D. Furthermore, using economy-wide data for a
panel of OECD/EU countries for the period 1981-
2002, the results suggest that both direct funding of
business R&D and tax incentives for R&D have a
significant and positive impact on business R&D
spending in OECD and EU countries. These two
policy instruments tend to complement each other.
The empirical evidence suggests that R&D tax credits
are an effective instrument. A 10 % reduction in the
price of R&D (i.e. an increase in the generosity of tax

79 Part of the difference may be due to the fact that these results do not
account for distributed lags or mark-ups which could differ between prod-
ucts new to the market and products new to the firm only.

incentives for R&D) leads to an 8.1 % increase in the
amount of R&D spending in the business sector in
the long run. For the OECD/EU area during the
period 1990-2002, the results suggest that 0.01
percentage points of the increase in the ratio of busi-
ness R&D to GDP can be explained by the increase in
fiscal incentives for R&D (representing 3 % of total
increase). In contrast, the decrease over time in
government financed BERD as percentage of GDP
has hampered the increase in R&D intensity in the
business sector by 3 percentage points. However, the
majority of the increase in the average R&D intensity
cannot be explained neither by the tax credits nor by
direct funding. Thus, other factors such as the shift to
R&D intensive industries seem to be more important
than direct support for R&D in explaining the change
in the R&D intensity in the business sector across EU
countries. To the extent that reallocation of produc-
tion factors towards high-technology industries is
being hampered by lack of flexibility in factor
markets, structural reforms aimed at rendering
markets more flexible will play an important role in
increasing the level of business R&D across the EU.

Another conclusion from this chapter is the impor-
tance of the public R&D sector for productivity
gains and spillover effects to the private R&D sector.
Expenditures on R&D performed by universities and
public research organisations are significantly posi-
tively related to business enterprise sector expendi-
tures on R&D, indicating that public sector R&D
and private sector R&D are complements. For the
period 1990-2002, a significant part of the
increasing R&D intensity in the business sector can
be explained by the increase in R&D expenditures
performed by the higher education sector, indi-
cating substantial spillover effects from academic
research. When public sector R&D is split up into
the two main parts, both government and univer-
sity R&D spending are significantly positively related
to the R&D intensity in the business sector, with the
impact of higher education R&D being larger than
that of government R&D spending. In terms of
marginal impacts of public funding, an additional
euro in R&D performed by universities leads to an
additional 1.3 euro in industry R&D while a an euro
increase in R&D performed by government institu-
tions leads to 1.1 euro in industry R&D.

Results for OECD/EU countries suggest that expen-
ditures on R&D in the higher education sector
significantly stimulate growth of GDP per capita.
The effect of R&D performed by the higher educa-
tion sector is higher than the income share of this
sector, indicating substantial spillover effects. In
addition, the impact of university research is some-
what higher than the impact of business R&D. This
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is consistent with the hypothesis that the social rate
of return of research in the higher education sector
is higher than in the private R&D sector due to
spillover effects.

Another important finding is that public sector R&D
spending as a percentage of GDP has a positive and
significant impact on EPO patent applications per
capita, even after private R&D spending and
country fixed effects have been controlled for. In
particular, the impact of R&D performed by univer-
sity and government research organisations is
higher than the impact of business enterprise sector
R&D. Also, correlation analyses of R&D expendi-
tures performed by universities and public research
organisations with indicators of research output
suggest significant and positive associations with
the citations of publications, number of patents per
capita and the number of publications.

——

The analysis of the effectiveness of public support to
R&D and innovation using microdata for three
member countries (Germany, Finland and Austria)
suggested that the public sector has an important
role to play in innovation by giving financial
support and/or stimulating cooperation. The largest
impact is achieved when collaboration and public
funding are conducted simultaneously. In Germany,
public funding has no additional impact once firms
cooperate already, but it does have an impact in
Finland. In Austria, central government support
increases the companies’ share of products new to
the firm in total sales by 2.5 percentage points (for
an average of 19.8 percent) and the companies’
share of products new to the market in total sales
by 3.3 percentage points (for an average of 5.8
percent). The relevance of collaboration in fostering
innovative performance identified in this analysis
reflects the importance of the interconnections

Table 2.19: Marginal effects of determinants of new to market product innovations, Austria, 1998-

2000, CIS 3, ALS estimation
Exogenous support

Endogenous support

R&D Innovative R&D Innovative R&D Innovative R&D Innovative
sales sales sales sales

Central
government
support 0.010%*** 0.026*** 0.023*** 0.027**
EU support 0.003 -0.004 -0.001 -0.016
National
government
support 0.018**
All EU
support -0.003
R&D 0.376*** 0.530*** 0.506*** 0.303*
High-tech
industries -0.008** -0.080*** 0.021* -0.085*** 0.007 -0.084*** 0.021* -0.076**
Low-tech
industries -0.017*** -0.091*** 0.015 -0.090*** 0.000 -0.090*** 0.014 -0.075**
Wholesale
trade -0.018*** -0.093*** 0.011 -0.093*** -0.004 -0.093*** 0.009 -0.078***
Size -0.000 0.008*** -0.005*** 0.008** -0.003** 0.008** -0.005%** 0.004
Human capital 0.059*** 0.1715%* 0.097*** 0.123%**
Appropriability ~ 0.002 0.005 0.004 0.006
Financial
difficulties 0.003 -0.005 -0.003 -0.005
Externalities
from science 0.005*** 0.072%** 0.010*** 0.072%**
Externalities
from clients 0.028** 0.027** 0.027** 0.025**

* Significant at 10 %, **significant at 5 %, ***significant a 1 %

Notes: Columns 1 and two report the results of the estimation treating innovation support as exogenous; the remaining columns treat support as
endogeneous. Columns 5 and 6 presents results using ‘national government support’ by merging central and local government support, and ‘all EU
support’ by merging EU support with RTD support from the 4th and 5th Framework Programmes. Estimation results presented in columns 7 and 8

allow for a direct effect of support measures on innovation.
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between public and private agents in driving inno-
vation. It is precisely in this area that the EU tends
to score low relative to the US where public and
higher education research institutions have devel-
oped a far more effective system of linkages with
the world of innovation.

These results have some implications for public
policy. Given the significant and positive impact of
tax incentives on R&D spending, increasing the
generosity of R&D subsidies may become instru-
mental in increasing business R&D to levels closer
to those of other main world players. This is likely
to be particularly true for countries with little or
no tax incentives (e.g. the new EU member coun-
tries and some large EU countries, notably
Germany and lItaly for large firms). Firm level
results suggest that university-industry partner-
ships appear to accelerate technological diffusion
via patents. Policies should improve the collabora-
tion of public research organisations with firms
and foster technology transfer through funding
and specific programs. There is also a need to
improve the infrastructure for commercialisation
of research findings such as technology transfer
offices and providers of risk capital.

Furthermore, one can conclude that governments
should provide appropriate funding of R&D
conducted by public institutions, in particular
research and development in the higher education
sector. The role of higher education research in
fostering R&D output and economic growth rein-
forces the need to integrate education policy
reforms in the EU efforts to foster research and
innovation throughout the economy. Government
research institutions are asked to contribute more
directly to social economic welfare by demon-
strating the relevance of their research. However,
the decline in funding for government research
organisations in the EU implies that restructuring
will be accomplished through the reallocation of
existing resources. There is also an increasing pres-
sure on public sector organisations to engage in the
systematic evaluation of their programs. The evalu-
ation should include researchers and programmes
as well as institutions.

The Royal Netherlands Academy of Arts and
Sciences proposed a list of indicators that might be
used to evaluate the social benefits of public
research. These indicators include a number of
aspects such as scientific excellence (measured by
the number of publications and citations analysis),
products (e.g. healthcare technologies and services,
instruments, programmes), and presentations for a
non-scientific audience.

As the analysis above implies, the public sector
appears to play an important role in stimulating the
basic scientific and technical knowledge that firms
then incorporate into patents and hopefully into
licences, new products, processes or services. Yet,
even though these results support innovation policy
interventions such as matched grants and the stim-
ulation of cooperations, several important ques-
tions, such as the optimal mix of different innova-
tion instruments, remain. If European Member
States target to become the most competitive
federation by 2010, they still have to exchange
their experiences on the impact of R&D policies and
evaluations to learn from each other.
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Appendix 1
° I
Impact of public sector R&D
°
and government support on business R&D
Relationship between industry- and government-  dependent variable is not significant, the discussion of
financed business R&D at the industry level the results should focus on the fixed effects model.
Table A.2.1 presents the results for the impact of Table A.2.3 shows inference on the R&D stimuli
publicly funded business R&D on business R&D  resulting from direct government intervention, i.e. from
using industry data for 13 EU countries under three  tax incentives and direct R&D subsidies. Note that the
specifications. lagged dependent variable is not significantly different
from zero and hence the discussion of the results should
Impact of government support and public sector  rely on static fixed effects model. However, in order to
R&D on business R&D compare the results with previous studies using a
dynamic model, the dynamic panel data models are
Table A.2.2 presents estimation results under two presenteﬁ as Wekll' Thlske)allsq |nd|Fates t;a'ghlere IIS hardly
specifications of the model and two estimation anEy cDatEc “up o §ervi|1_he én prlvgte &'f' eve sffzc;oss
approaches (fixed effects model and a dynamic panel IO CD/RU Toup’Frles.f 1e yn_?rr?lcf-sp;u ication finds a
data model). The first specification deals with the o.ng—;un € aSt'C_';y of -1.05 h IS Tinding 'Sff conm:tent
more indirect channels of public R&D assistance Y‘”t 9rme|£| evi enCGll 02n tze ftrlg.gerlng ef.ecéjt oI tax
(HERD and GOVERD). In a second specification, sepa- |ncent|vgs. oolrn gtg ( O? )'_ orlnstar;.ce, ind along-
rate impact-coefficients for HERD and intramural rucr; price ” € ast(ljaty Do . hlndustry- |nanhced . anc?c
GOVERD are also reported.® Since the lagged M ustry-performe RS_I \’Y't respect to the price o
R&D of about -1.0. Their estimates are based on data for
eight OECD countries for the period 1979-1997. Euro-
8 Contrary to Guellec and van Pottelsberghe, annual data are not employed. pean. _CommISS|0n (20033) SuggeStS a median price
Instead, averages derived from five-year periods and one three-year period elastlaty of -0.81. Guellec and van Pottelsberghe
(2000-2002) are used. First and foremost, the rationale for doing so lies in the . ..
limited availability of relevant data for many countries. Also, it can be argued (2003b), however’ find the Iong-run eIaStICIty of the B-
that the B-index displays little annual variation and that only a longer period index to be somewhat lower; using OECD data for 17
interval is suitable to capture the effects of changes in the fiscal system. This . . . .
approach using averages leaves only five data points for each country. COUntI’IES, the)/ obtain a coefficient of about -0.31.
Table A.2.1: Relationship between industry- and government-financed BERD (pooled over EU industries
and countries)
In government- In BERD In real Constant Number Number R? marginal effect
financed financed value of of groups (within) ~ Government  Financed
BERD, from added observations funded from
constant abroad, BERD abroad
prices constant
prices
) 0.21%** 3.85%** 1319 255 0.22 1.69
(¢3) 0.19*** 0.03** 3.77%** 1035 226 0.25 1.14 0.26
3) 0.73%** 0.04***  (,37*** 2.50%** 687 156 0.28 0.93 0.37
Notes: *, **, and *** denote significance at the 10 %, 5 %, and 1 % level respectively. Dependent variable: log domestic industry-financed BERD meas-
ured in constant $ 1995 prices and PPPs. Unbalanced industry panel over the period 1987-1999. Fixed effects estimates, time effects are included, but not
reported. The sample includes data for Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Portugal, Spain, Sweden and United
Kingdom. The marginal effect is calculated as the product of the estimated elasticity and the ratio of industry-funded BERD to government-funded BERD.
Specification (2) controls for BERD financed from abroad and specification (3) controls for both BERD from abroad and for real value added.
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Table A.2.2: Impact of public sector R&D on business expenditures for R&D (BERD): Panel estimates
for 21 OECD countries

fixed effects model dynamic panel data model
) 2 (1) &)
coeff. t-value coeff. t-value coeff. t-value coeff. t-value
log BERD % GDP (t-1) 0.14 1.10 0.15 1.22
log public sector R&D %
GDP (t) 0.95 3.95 0.65 3.64
log HERD % GDP (t) 0.47 2.61 0.47 4.52
log GOEVRD % GDP (t) 0.24 1.65 0.12 1.41
log GDP per capita (t)c 0.69 1.93 0.56 1.47 0.89 3.13 0.70 2.62
period dummy 1990-1994 -0.07 -1.13 -0.07 -0.97 -0.22 -3.43 -0.25 -3.83
period dummy 1995-1999 -0.05 -0.53 -0.03 -0.33 -0.14 -2.67 -0.15 -2.84
period dummy 2000-2002 -0.03 -0.22 0.00 0.03 -0.13 -2.30 -0.12 217
constant 2.82 2.15 2.74 1.93 0.12 2.67 0.14 2.96
number of observations 72 72 72 72
R? (within) 0.48 0.43

Notes: The dynamic panel data model is estimated using the one-step GMM estimator in first differences. Dependent Variable is log total BERD % GDP
(within-transformed or in first differences). The long-run elasticity of BERD % GDP with respect to public sector R&D % GDP is 0.76 (=0.65/(1-0.14)).
Estimation period: 1986-2002 with data derived from three five-year intervals and one three-year interval. Excluding the non-EU countries has little
effect on the regression results.

Table A.2.3: Impact of tax incentives and direct subsidies on business enterprise sector R&D (BERD):
Panel estimates for 21 OECD countries

fixed effects model dynamic panel data model
excluding log including log excluding log including log
HERD % GDP HERD % GDP HERD % GDP HERD % GDP
M 2 3) “

coeff t-value coeff t-value coeff t-value coeff t-value
log BERD % GDP (t-1) 0.16 0.82 0.07 0.41
log government-funded
BERD % GDP (t) 0.23 5.70 0.15 3.10 0.15 4.13 0.11 2.94
log B-index -0.60 -2.26 -0.49 -1.90 -0.88 -3.76 -0.75 -3.46
log HERD % GDP (t) 0.29 2.98 0.28 2.17
log share of high-technology
exports in total
manufacturing exports 0.46 5.49 0.45 5.71 0.37 3.74 0.35 3.29
log GDP per capita
in constant PPP $ 0.58 2.17 0.53 2.06 0.69 2.36 0.65 2.51
period dummy
1985-1989 0.03 0.54 0.01 0.23
period dummy
1990-1994 0.01 0.15 -0.07 -0.97 -0.06 -1.27 -0.11 -2.86
period dummy
1995-1999 -0.04 -0.39 -0.15 -1.44 -0.08 -2.71 -0.10 -3.74
period dummy
2000-2002 -0.05 -0.39 -0.16 -1.26 -0.04 -0.97 -0.04 -1.42
constant 3.67 2.04 3.67 2.04 0.09 1.82 0.10 2.01
number of observations 99 99 73 73
R2 within 0.78 0.81
marginal effects
of government-funded
business R&D
short run 1.5 1.0
long run 2.2 1.4 1.7 1.1
long run elasticity
of the B-index -1.05 -0.81

Notes: The dynamic panel data model is estimated using the one-step GMM estimator in first differences. Dependent variable is log BERD % GDP (within-trans-
formed or in first differences). The long-run elasticity of BERD % GDP with respect to the B-index is public sector R&D % GDP is -0.81 (=-0.75/(1-0.07)). Esti-
mation period for the dynamic model: 1985-2002 with data derived from three five-year intervals and one three-year interval. Estimation period for the static
model: 1980-2002. Excluding the non-EU countries has little effect on the regression results. t-values are based on robust standard errors. Long-run elasticities
are calculated as the ratio between short-run elasticities (i.e. estimated beta-coefficients) and the partial adjustment coefficient. The partial adjustment coeffi-
cient is defined as (1 — coefficient on the lagged endogenous variable).
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Decomposition of changes in BERD intensity
as presented in Table 2.8
(sub-section 2.3.2)

Taking the total differential for the estimated R&D
equation and rewriting in terms of growth rates,
the percentage change in BERD intensity can be
written as:

Ax,, N ZSZ Azjm
~ 2 ,
4

KXo j=123, Z it

Where Ay /x,. and Az /z = denote the actual
growth rate of the BERD intensity and the explana-
tory variables respectively and ¢ z; denotes the elas-
ticity of BERD intensity with respect to variable z.
The actual growth rate should be close to the
predicted one.
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Appendix 2:

Impact of public sector R&D on economic
growth and research output

Impact of public sector R&D on GDP per capita
growth

Using panel data, the steady-state GDP per capita
equation can be written as:

In(y;,) = fln(y;, )+ (x;, )0 +1;, + 4, +¢&, 3)

where y,, is per capita GDP (expressed in 1995
purchasing power parities) in country i in period t,
X, is @ row vector of determinants of economic
growth, n, is a country-specific effect, y, is a period-
specific effect and ¢, , is an error term. The choice of
the variables x, . depends on the particular variant
of the neoclassical growth model one wishes to
examine. The country-specific effect captures the
existence of time-invariant determinants of a
country’s steady state that are not already
controlled for by yx;, . The obvious candidates for
these determinants are differences in the tech-
nology level (Islam, 1995). The equation in first
differences can be written as:®'

ln(yi,t )— ln(yi,t—r) = ﬁ(ln(yi,t—r) - ln(yi,t—r—l )+

'+ ((xi,t—r ) - (xi,t—r—l ))5 + ﬂ’t + (8t,t - gt,t—r) (4)

Impact of public sector R&D on scientific output
and patents

The following equation describes the relationship
estimated in Table A.2.4.

h{LAT”]: Bi+ B 1n[7PAT”-‘]+/32 1n(SUB”
Ly Lir—y GDFy

+ f nf INDBERD;
GDP,

HERD; GOVRD;
+ 34 In| 14 fs1n "\ + Be In(schooling)+ A, +u; 5
o M0 g QRO ftlschooting) 4, e, (5)

it

81 This introduces a moving-average with unit root in the disturbance. Instru-
mental variables methods applied to first differences can be employed (see
Anderson and Hsiao, 1982; Arellano and Bond, 1991). In this case, lagged
values (using lags t minus 2 or earlier) can be used as valid instruments for
the lagged change in per capita GDP. For the other explanatory variables, all
(or selected) past values are used as instruments in the regression.

where PAT, /L, denotes EPO patent applications per
capita. SUB,/GDP,, INDBERD,/GDP, denote govern-
ment- and industry-funded BERD expenditures as a
percentage of GDP, HERD,/GDP, denotes the ratio
of higher education section R&D expenditures to
GDP and GOVERD,/GDP, denotes the ratio of
government sector R&D expenditures to GDP;
schooling denotes the average years of education
among the working age population; A, is a period-
specific effect and v, is an error term. Country
dummies are included to control for omitted
country-specific fixed factors such as the ‘home
advantage’ bias. The ‘home advantage bias’ means
that a country generally takes more patents in its
domestic market than in other regions.82

The upper panel shows the results for the dynamic
panel model using GMM first-differences, while the
lower panel shows the results using the fixed-effects
estimator. Since the coefficient on the lagged
dependent variable is not significantly different
from zero, it appears that very little or no ‘catch-up’
in patents per capita among the OECD countries
took place between 1986 and 1999.

Note that when interpreting the coefficients on
government-funded BERD as a percentage of GDP,
one has to take into account the high collinearity
between government-funded and industry-funded
BERD with a correlation of 0.71. An F-test for the
joint significance of industry- and government-
funded R&D reveals that both variables are signifi-
cant at the one percent level.

82 One method which has been proposed for eliminating the ‘home advantage’
bias is the usage of triad patents (i.e. those patents that are applied for at all
three patent systems (EPO, USPTO and JPO).
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Table A.2.4: Relationship between public R&D and EPO patent applications: Panel estimates

Dynamic panel data estimates using GMM first differences
(Change in dependent variable: Alog EPO patent applications per capita)

a &) 3
coefficient  t-value  coefficient  t-value  coefficient  t-value
A log EPO patent applications per capita (t-1) 0.10 0.59 0.05 0.32 0.08 0.52
A log total BERD % GDP (t) 0.33 3.03 0.26 2.34
A log industry financed BERD % GDP (t) 0.22 2.20
A log government financed BERD % GDP (t) 0.07 1.58
A log (HERD+GOVRD) R&D, % GDP (t) 0.44 1.92
A log HERD % GDP (t) 0.23 1.84 0.21 1.63
A log GOVRD, % GDP(t) 0.35 2.51 0.30 2.07
A log years of schooling (t) 4.10 3.97 4.15 4.03 3.65 3.37
Period dummy 1991-1994 -0.15 -1.22 -0.18 -1.45 -0.14 -1.15
Period dummy 1995-1999 0.15 1.01 0.13 0.86 0.16 1.06
Constant 0.08 0.55 0.14 0.95 0.12 0.82
Number of observations (countries) 68 (25) 68 (25) 68 (25)
Fixed effects estimates (Dependent variable: log EPO patent applications per capita)
M &) 3
coefficient  t-value  coefficient t-value coefficient t-value

log total BERD % GDP (t) 0.49 4.93 0.47 4.75
log industry-financed
BERD % GDP (t) 0.43 4.66
log government-financed
BERD % GDP (t) 0.10 1.58
log (HERD+GOVRD)
R&D, % GDP (t) 0.64 2.93
log HERD % GDP (t) 0.36 2.58 0.34 2.37
log GOVRD, % GDP(t) 0.25 1.89 0.23 1.76
log years of schooling (t) 1.80 1.96 1.68 1.75 1.71 1.80
Period dummy 1991-1994 0.03 0.68 0.04 0.77 0.04 0.82
Period dummy 1995-1999 0.32 4.26 0.34 4.34 0.34 4.34
Constant -0.30 -0.14 0.39 0.17 0.59 0.26
Number of observations (countries) 68 (25) 68 (25) 68 (25)
R? (within) 0.93 0.93 0.93

Notes: Upper panel: One-step GMM estimates (in first-differences); the long-run elasticity of EPO patents per million of population with respect to public
sector R&D is 0.44; estimation period: 1986-1999 with five-year interval data; it should also be noted that data for Germany refers to West Germany only
until 1990; data for unified Germany during the period 1991-1995 is excluded; the group of countries includes Australia, Austria, Belgium, Canada,
Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy, Japan, Mexico, Netherlands, New Zealand, Norway, Poland, Portugal, Spain, Sweden,
Switzerland, Turkey, UK and US; excluding the non-EU countries has little effect on the regression results.
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Appendix 3:

Public funding of business R&D and private
patent outcomes: empirical analysis
of Germany and Finland - Econometric results

This analysis concerns the impact of public funding
on innovative output. Since public funding schemes
both in Germany and in Finland focus on inducing
companies to engage in collaborative research,
both the effect of public funding and that of collab-
oration must be considered. The analysis encom-
passes several questions that are analysed struc-
turally in the same way: A (sub)sample of compa-
nies will be described by one (or more) properties.
Companies within this (sub)sample will be charac-
terised by an additional property. Companies with
this property are the treated companies, whereas
companies without this additional property are the
control group. The basic question is: ‘What would
have been the innovative output of treated compa-
nies if they had not been treated’. Table A.2.5
summarises the research questions. For both groups
of companies the characteristics of the treated and
the control group are given in terms of public
funding and collaboration.

Data and methodology
Data sources

The data used for the empirical analysis are from
the Community Innovation Survey (CIS).8* The CIS
surveys collect firm-level data on inputs and outputs
of the innovation process across a wide range of
industries and across Member States and regions.
These data are collected at enterprise level and
comparable at the European scale. Data collection is
done at regular intervals, now for the third time.
This continuity in CIS provides a major source of
information on innovation at the enterprise level for
firms in the EU Member States. In this analysis, the
period used is 1994 to 2000 based on data from

83 The CIS, launched in 1991 jointly by Eurostat and the Innovation and SME
Programme, aims at improving the empirical basis of innovation theory and
policy at the European level through surveys of innovation activities at the
enterprise level in the Member States.

CIS Il and CIS lll. CIS data has been complemented
by data taken from Statistics Finland’s employment
register as well as from patent statistics. With regard
to the German database, West German companies
instead of all German companies are used since
West German firms are most similar to Finnish
companies.

Methodology
Evaluation problem and selection bias

Each research question addresses a counterfactual
situation®* ‘What would a treated firm with given
characteristics have done if it had not been
treated?’ This is central to assessing the impact of
treatment (funding or collaboration) as the impact
is the difference between the output of the firm
under treatment and the output of the firm had it
not been treated.®> As the counterfactual situation
cannot be observed, it has to be estimated.

Neither the fact that companies receive public
funding for their R&D nor the fact that companies
collaborate for innovation can be reasonably inter-
preted as the result of a random process. Both
receiving funding and collaboration are subject to a
selection bias. Concerning funding, companies
themselves choose to apply or not to apply. Also,
the funding agency selects from the pool of appli-
cations based on certain criteria. As collaboration
for innovation is part of the companies’ innovation
strategy; it is the companies themselves that choose
whether or not to collaborate. The selection bias
results in the empirical fact that the group of
funded companies is quite different from the group

84 For the treated companies, only their output under treatment can be
observed but not their output if they had not been treated. The latter situa-
tion is called counterfactual as it cannot be observed.

85 A more technical exposition of the evaluation problem can be found in ‘Euro-
pean Productivity, Innovation and Public Sector R&D’, background study
prepared for the 2004 edition of the European Competitiveness Report.
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Table A.2.5: Research questions

Research question

Treated Control
Case Fund. Coll. Fund. Coll.

1 yes - no -

2 yes yes no no
3 no yes no no
4 yes no no no
5 yes yes no yes
6 no yes yes yes

Do funded companies have a higher innovation output
compared with the case if these companies had not received
funding?

Do funded and collaborating companies exhibit a higher
innovation output compared with the situation of neither
collaboration nor funding?

Does collaboration increase innovation output, even if no
funding is involved?

Does funding increase innovation output, even if no collab-
oration is involved?

Given companies collaborate and receive funding, what
would have happened had these firms not received funding?
If a collaborating but non-funded company is funded, does
this increase the innovative output?

of non-funded ones, as well as the group of collab-
orating companies is quite different from the group
of non-collaborating ones. Assessing the impact of
the treatment based on a comparison of the treated
group (funded and/or collaborating) and the group
of non-treated companies may generate dubious
results as the groups are not comparable due to the
selection bias.

Matching

The matching approach has been developed to
identify treatment effects when the available obser-
vations on individuals or firms are subject to a selec-
tion bias (see Heckman et al., 1999, Heckman et al.,
1997 for surveys). Hence, the matching estimator
generates the counterfactual situation and controls
for the selection bias simultaneously. The matching
is based on the insight that the counterfactual situ-
ation for the treated companies can be estimated
from the sample of non-treated observations. The
matching estimator amounts to creating (i.e. esti-
mating) from the control group a sample of non-
treated observations which is comparable to the
sample of treated observations, whereas compara-
bility relates to a set of a priori defined characteris-
tics (x). In the empirical application below, the esti-
mated sample of non-treated observations is
denoted matched controls.

As the matching procedure requires the definition
of the characteristics x, dimensionality problems
might occur. If the number of matching criteria is
large, it will hardly be possible to find any control
observation. Therefore, the propensity score
matching will be used (see Rosenbaum and Rubin,

1983). The idea is to estimate the propensity score
of participation for the whole sample and find pairs
of participants and non-participants that have the
same probability value of participation.86

Estimation results
Variable description

The main question of this analysis is whether patent
activities of firms are stimulated by public funding
and/or cooperations. This patent activity is meas-
ured with a dummy variable (PATENT), indicating
whether the particular firm has filed at least one
patent application during the past three years.
Exogenous variables are basically two dummy vari-
ables: collaboration (CO), and subsidised arrange-
ments (FUNPUB).8” Other variables to control for
firm heterogeneity are also used. Firm size is
captured by number of employees, EMPL. The
square of this variable, EMPL?, is also included to
allow for non-monotonicity.8® Export orientation,
EXQU, is measures as exports divided by turnover.
The patent stock, PATSTOCK (), summarizes the
historical technological experience and level of

8 In this analysis, a ‘kernel-based matching’ is used that estimates the counter-
factual on the basis of all non-treated companies in the sample. As matching
criteria, both the propensity score for the subsidy dummy (funpub) and also
the propensity score obtained by regressing the innovative activities dummy
(innov) on the exogenous variables are used. This selection of matching
criteria ensures the similarity of the treated and the non-treated companies
both in terms of funding probability and in terms of the likelihood of carrying
out innovative activities. For more details on this methodology see ‘European
Productivity, Innovation and Public Sector R&D’, background study prepared
for the 2004 edition of the European Competitiveness Report.

8 Collaboration in this context means the active collaboration of all partners
involved in the project; contracting-out of R&D is excluded.

8  From a theoretical point of view, a variable indicating the age of the
company would be desirable to include. As the Finnish data does not contain
reliable information on this an age variable is not included in either case.
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Table A.2.6: Bivariate probit estimation on the funding (FUNPUB) and the cooperation (CO)
Germany Finland

FUNPUB Coefficient Standard error Coefficient Standard error
EMPL 1.187%** 0.237 1.861** 0.267
EMPL2 -0.399** 0.128 -0.649*** 0.193
RDEMP 6.252%** 0.621 5.778*** 1.592
RDEMP2 -5.110%** 0.648 -13.607** 5.280
PATSTOCK 0.322%** 0.842 0.555%** 0.071
EXQU 0.213 0.163 0.833*** 0.974
_CONS -2.079*** 0.141 -1.588*** 0.096

co Coefficient Standard error Coefficient Standard error
EMPL 1.374%** 0.223 3.165%** 0.269
EMPL2 -0.442%** 0.122 -1.470%*** 0.190
RDEMP 5.837*** 0.578 2.555** 1.097
RDEMP2 -4.809*** 0.612 -4.190 2.634
PATSTOCK 0.289*** 0.077 0.496*** 0.071
EXQU 0.533*** 0.151 0.742* 0.095
_CONS -1.917%** 0.130 -1.100 0.087
RHO 0.459%** 0.041 0.737*** 0.021

Note: *** (**, *) indicate a significance level of 1 % (5 %, 10 %). All estimations include eight industry dummies and one time dummy.

innovation activities and is computed by the
perpetual inventory method.?? In addition to
previous patenting activities, the current potential
to patent clearly depends on the current R&D
engagement of firms. This is measured by the
number of R&D employees divided by number of
employees (share of R&D employees, RDEMP) and
its squared value is also included.?® Eight sector
dummies based on the NACE classification capture
different technological opportunities among busi-
ness sectors. In principle, these dummies are
created according to the NACE two-digit sectoral
classification. However, some sectors are merged
due to a low number of observations. Finally, a time
dummy reflects the changes in patenting activities
over time.

Matching estimations

As it is inappropriate to assume that the errors of
the estimation of CO and FUNPUB to be inde-
pendent, a bivariate probit model to regress the

8 The patent stock PATSTOCK ([]) is computed by the perpetual inventory
method: [],, = (1-9) ], ., + =, where x,, denotes the number of patent appli-
cations and & represents the depreciation rate of knowledge assets and is set
to & = 0.15 (see e.g. Hall, 1990). The initial value of the variable, in 1980, is
set to zero. The bias arising from this assumption should be negligible
because the patent data are available since 1980, but the period under
review in the regressions starts in 1994.

20 In the Finnish data set, the share of highly educated employees with a tech-
nical education as proxy for the R&D employees is used. The data is from
Statistics Finland’s employment register and merged with the CIS data. As
the share of highly educated technical employees is available for the whole
population of firms, using this variable eliminates the effect that only innova-
tors answered the R&D input question in the innovation survey.

collaboration dummy and the public funding
dummy on the exogenous variables is used
(Greene, 2002, Ch. 19.6). Results are presented in
Table A.2.6.

Fundamentally, the data support the hypothesized
selection bias as the group of funded (collaborating)
companies is significantly different from the group of
non-funded (non-collaborating) companies.

The matching estimator is computed using the
propensity scores (XBCO and XBFUNPUB) derived
from the regression above. The correlation coefficient
(RHO) is significant because collaboration and
funding are linked to each other, ex post supporting
the hypothesis leading to the application of the
bivariate probit estimation. Tables A.2.7 to A.2.12
report the results. They illustrate that the selection
bias is removed by the matching procedure: If the
mean of the treated group and the control group
was significantly different before the matching, this
significance vanishes after the matching. The main
conclusions concerning each of the six questions
dealing with the influence of R&D collaboration and
public funding on patenting activity are summarised
below.
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Case 1: Do funded companies have a higher innovation output compared to the case if these companies
had not received funding?

Table A.2.7
Germany Finland
Treated Control Matched Treated Control Matched
Mean control Mean control
Std,err Std,err
EMPL 0.415 0.204*** 0.410 0.221 0.090*** 0.234
0.028 0.007 0.010 0.012 0.004 0.009
EMPL2 0.419 0.152%** 0.399 0.153 0.035*** 0.197*
0.054 0.011 0.014 0.016 0.010 0.015
RDEMP 0.152 0.046*** 0.148 0.018 0.007*** 0.017
0.014 0.003 0.007 0.002 0.004 0.000
RDEMP2 0.087 0.023*** 0.082 0.003 0.002*** 0.003
0.014 0.003 0.004 0.001 0.000 0.000
PATSTOCK 0.632 0.318*** 0.614 0.374 0.173%** 0.366
0.027 0.010 0.013 0.018 0.007 0.012
EXQU 0.291 0.180*** 0.288 0.415 0.226*** 0.410
0.014 0.005 0.005 0.012 0.006 0.007
XBFUNPUB -0.788 -1444.107*** -0.797 -0.275 -0.936*** -0.287
0.033 0.011 0.032 0.025 0.012 0.025
XBCO -0.563 -122.464*** -0.568 0.002 -0.595%** 0.001
0.036 0.013 0.034 0.026 0.011 0.023
PATENT 0.635 0.220*** 0.476%** 0.408 0.075%** 0.205***
0.027 0.009 0.012 0.018 0.006 0.007
# obs 310 2,232 310 713 2,082 713

Note: *** (**,*) indicate the significance level of 1 % (5 %, 10 %) in a two-tailed t-test on equal means of the corresponding group and the treated
firms. Here the treated group consists of the funded companies and the control group contains all not funded firms, The column ‘matched control’
displays the control group after the matching. Mean differences of sectors are not presented. However, the distribution over industries differs before
matching and vanishes after the estimation of the control group.

Both in Germany and in Finland public funding exerts a positive influence on the funded companies’
propensity to patent. Regardless of their collaboration behaviour, public funding exhibits a positive impact
on the funded companies innovative output.
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Appendix 3
Case 2: Do funded and collaborating companies exhibit a higher innovation output compared to the situ-
ation of neither collaboration nor funding?
Table A.2.8
Germany Finland
Treated Control Matched Treated Control Matched
Mean control Mean control
Std,err Std,err
EMPL 0.494 0.182*** 0.439 0.257 0.076*** 0.241
0.045 0.007 0.017 0.015 0.004 0.012
EMPL2 0.569 0.128*** 0.449 0.186 0.030*** 0.176
0.092 0.011 0.027 0.020 0.005 0.018
RDEMP 0.172 0.037*** 0.173 0.020 0.009*** 0.022
0.021 0.003 0.010 0.002 0.001 0.001
RDEMP2 0.099 0.018*** 0.096 0.003 0.002 0.004
0.021 0.003 0.008 0.001 0.000 0.000
PATSTOCK 0.689 0.284*** 0.635 0.408 0.093*** 0.380
0.037 0.010 0.016 0.021 0.007 0.014
EXQU 0.318 0.166*** 0.316 0.430 0.272%** 0.412
0.020 0.005 0.009 0.014 0.007 0.009
XBFUNPUB -0.675 -1.507*** -0.694 -0.207 -0.994*** -0.239
0.042 0.011 0.028 0.041 0.013 0.028
XBCO -0.400 -1.303*** -0.421 0.105 -0.666*** 0.076
0.043 0.013 0.042 0.030 0.011 0.029
PATENT 0.708 0.168*** 0.4771*** 0.460 0.0471*** 0.128***
0.036 0.008 0.017 0.021 0.005 0.011
# obs 161 1,963 161 553 1,690 553
Note: *** (**,*) indicate the significance level of 1 % (5 %, 10 %) in a two-tailed t-test on equal means of the corresponding group and the treated
firms. Here the treated group consists of the funded and collaborating companies and the control group contains the not funded and not collabo-
rating firms. The column ‘matched control’ displays the control group after the matching. Mean differences of sectors are not presented. However,
the distribution over industries differs before matching and vanishes after the estimation of the control group.
The impact of public funding is even more pronounced if public funding induces companies to collaborate.
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Case 3: Does collaboration increase innovation output, even if no funding is involved?

Table A.2.9
Germany Finland
Treated Control Matched Treated Control Matched
Mean control Mean control
Std,err Std,err
EMPL 0.360 0.182*** 0.379 0.148 0.076*** 0.148
0.026 0.007 0.014 0.010 0.004 0.070
EMPL2 0.315 0.128*** 0.353 0.061 0.030*** 0.074
0.046 0.011 0.020 0.009 0.005 0.008
RDEMP 0.107 0.037*** 0.106 0.015 0.009** 0.014
0.012 0.003 0.008 0.002 0.001 0.001
RDEMP2 0.052 0.018*** 0.056 0.003 0.002 0.003
0.012 0.003 0.006 0.000 0.000 0.001
PATSTOCK 0.564 0.284*** 0.562 0.204 0.093** 0.195
0.030 0.010 0.016 0.020 0.007 0.073
EXQU 0.283 0.166*** 0.268 0.290 0.272%** 0.283
0.015 0.005 0.007 0.016 0.015 0.070
XBFUNPUB -1.002 -1.507*** -1.022 -0.679 -0.994*** -0.707
0.036 0.011 0.035 0.030 0.013 0.029
XBCO -0.673 -1.303*** -0.695 -0.283 0.667*** -0.315
0.036 0.013 0.035 0.031 0.011 0.030
PATENT 0.598 0.168*** 0.374*** 0.220 0.047*** 0.076***
0.030 0.008 0.015 0.021 0.005 0.005
# obs 266 1,963 266 387 1,690 387

Note: *** (***) indicate the significance level of 1 % (5 %, 10 %) in a two-tailed t-test on equal means of the corresponding group and the treated
firms. Here the treated group consists of the not funded but collaborating companies and the control group contains the neither funded nor collab-
orating firms. The column ‘matched control’ displays the control group after the matching. Mean differences of sectors are not presented. However,
the distribution over industries differs before matching and vanishes after the estimation of the control group.

Even without public funding, increased collaboration has a positive impact on companies that collaborate,
compared with their situation had they not collaborated.
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Appendix 3
Case 4: Does funding increase innovation output, even if no collaboration is involved?
Table A.2.10
Germany Finland
Treated Control Matched Treated Control Matched
Mean control Mean control
Std,err Std,err
EMPL 0.306 0.182*** 0.347 0.081 0.076 0.072
0.029 0.007 0.017 0.012 0.004 0.008
EMPL2 0.219 0.128* 0.316* 0.027 0.030 0.021
0.046 0.011 0.027 0.014 0.005 0.007
RDEMP 0.115 0.037*** 0.117 0.012 0.009 0.012
0.018 0.003 0.010 0.003 0.001 0.002
RDEMP2 0.060 0.018* 0.064 0.002 0.002 0.002
0.018 0.003 0.006 0.001 0.000 0.000
PATSTOCK 0.559 0.284*** 0.554 0.243 0.092*** 0.231
0.041 0.010 0.022 0.035 0.007 0.024
EXQU 0.261 0.166*** 0.251 0.358 0.27171*** 0.372
0.021 0.005 0.010 0.023 0.006 0.018
XBFUNPUB -0.954 -1.507*** -0.968 -0.532 -0.994*** -0.550
0.046 0.011 0.045 0.047 0.013 0.046
XBCO -0.776 -1.303*** -0.789 -0.396 0.667*** -0.413
0.054 0.013 0.053 0.043 0.011 0.041
PATENT 0.545 0.168*** 0.372%** 0.209 0.0471*** 0.072***
0.041 0.008 0.019 0.034 0.005 0.011
# obs 145 1,963 145 148 1,690 148
Note: *** (***) indicate the significance level of 1 % (5 %, 10 %) in a two-tailed t-test on equal means of the corresponding group and the treated
firms. Here the treated group consists of the funded but not collaborating companies and the control group contains the neither collaborating nor
funded firms. The column ‘matched control’ displays the control group after the matching. Mean differences of sectors are not presented. However,
the distribution over industries differs before matching and vanishes after the estimation of the control group.
Public funding has a significantly positive impact, even if companies do not change their collaboration
behaviour. For the sample of non-collaborating firms, public funding has a positive impact on the innova-
tive output of funded companies.
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Case 5: Given companies collaborate, and receive funding, what would have happened, if these firms had
not received funding?

Table A.2.11
Germany Finland
Treated Control Matched Treated Control Matched
Mean control Mean control
Std,err Std,err
EMPL 0.500 0.370** 0.434 0.221 0.148*** 0.186**
0.045 0.027 0.022 0.013 0.010 0.009
EMPL2 0.579 0.330** 0.419 0.141 0.061*** 0.0871***
0.092 0.047 0.037 0.018 0.009 0.008
RDEMP 0.179 0.109*** 0.166 0.018 0.017 0.021
0.021 0.012 0.013 0.002 0.003 0.001
RDEMP2 0.106 0.053* 0.096 0.003 0.004 0.004
0.021 0.012 0.013 0.001 0.002 0.000
PATSTOCK 0.693 0.565%** 0.730 0.371 0.204*** 0.373
0.036 0.030 0.021 0.021 0.020 0.015
EXQU 0.318 0.286 0.345 0.410 0.289*** 0.402
0.020 0.015 0.011 0.014 0.016 0.010
XBFUNPUB -0.658 -0.986*** -0.670 -0.301 -0.690*** -0.317
0.043 0.036 0.041 0.027 0.032 0.026
XBCO -0.385 -0.654*** -0.394 0.016 -0.285%** 0.005
0.044 0.037 0.043 0.028 0.026 0.027
PATENT 0.712 0.602** 0.712 0.430 0.279*** 0.352**=
0.036 0.030 0.019 0.021 0.021 0.012
# obs 163 269 163 530 392 530

Note: *** (***) indicate the significance level of 1 % (5 %, 10 %) in a two-tailed t-test on equal means of the corresponding group and the treated
firms. Here the treated group consists of the both funded and collaborating companies and the control group contains the collaborating but not
funded firms. The column ‘matched control’ displays the control group after the matching, Mean differences of sectors are not presented. However,
the distribution over industries differs before matching and vanishes after the estimation of the control group.

In Germany: once companies collaborate, funding does not increase the innovative output. Given that
funding together with collaboration (Case 2) has an impact on the innovative output and collaboration
without funding also yields positive effects (Case 3), funding does not significantly increase innovative
output once companies collaborate. Among the companies that do not collaborate, public funding does
cause an increase in innovative output (Case 4). The result here suggests that the impact of public funding
varies according to the collaboration decision of the firms.

In Finland: Even if companies decide to collaborate, funding has a positive impact. In contrast to the results
for Germany, funding exerts a positive impact regardless of the collaboration decision.
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Appendix 3
Case 6: If a collaborating but not funded company is funded, does this increase the innovative output?
Table A.2.12
Germany Finland
Treated Control Matched Treated Control Matched
Mean control Mean control
Std,err Std,err
EMPL 0.375 0.516*** 0.398 0.149 0.2871*** 0.164
0.027 0.046 0.018 0.010 0.016 0.070
EMPL2 0.335 0.607*** 0.407 0.062 0.220*** 0.087
0.047 0.093 0.036 0.009 0.023 0.010
RDEMP 0.111 0.186*** 0.114 0.015 0.020 0.011
0.013 0.021 0.007 0.002 0.002 0.001
RDEMP2 0.054 0.110** 0.058 0.003 0.003 0.002
0.012 0.021 0.006 0.001 0.001 0.000
PATSTOCK 0.574 0.699*** 0.571 0.205 0.419*** 0.202
0.030 0.036 0.023 0.020 0.020 0.012
EXQU 0.290 0.324 0.283 0.290 0.439*** 0.305
0.015 0.020 0.011 0.016 0.014 0.010
XBFUNPUB -0.941 -0.633*** -0.933 -0.673 0.163*** -0.664
0.034 0.044 0.033 0.030 0.030 0.029
XBCO -0.647 -0.357*** -0.644 -0.278 0.148*** -0.272
0.037 0.047 0.035 0.031 0.031 0.025
PATENT 0.611 0.717** 0.572 0.220 0.475%** 0.292**
0.030 0.035 0.021 0.021 0.021 0.012
# obs 265 166 265 389 586 389
Note: *** (***) indicate the significance level of 1 % (5 %, 10 %) in a two-tailed t-test on equal means of the corresponding group and the treated
firms. Here the treated group consists of the not funded but collaborating companies and the control group contains the both funded and collabo-
rating firms. The column ‘matched control” displays the control group after the matching. Mean differences of sectors are not presented. However,
the distribution over industries differs before matching and vanishes after the estimation of the control group.
Consistent with the findings in Case 5, removing funding has no impact in the German sample but in the
Finnish data the impact is significant. Even more so, it is of the same magnitude (but the opposite sign, of
course) as the impact in Case 4.
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Chapter 3:

Performance in the EU Health Sector

3.1 Introduction

The health care sector is one of the most important
sectors in any economy, representing one of the
largest service industries in developed countries.
Currently its output accounts for about 7 % of GDP in
the EU-15, larger than the roughly 5 % accounted for
by the financial services sector or retail trade sector
(O’Mahony and van Ark, 2003). Therefore trends in
productivity and efficiency in this sector will have a
large impact on these performance measures in
economies as a whole. Moreover, the performance of
the health sector will affect the competitiveness of
the overall economy via its effect on labour costs,
labour market flexibility and the allocation of
resources at the macroeconomic level. The final
output of this sector — ensuring a healthy population
— will have an impact on the productive capacity of
the workforce in general and so have consequences
across all sectors of the economy. Hence the func-
tioning of the health sector will have an important
impact upon the standards of living of Europe’s citi-
zens. However, evaluating performance in services,
and the public sector in particular, is fraught with
difficulties (O’Mahony and Stevens, 2002). Doing so
for the health sector is more difficult than in other
service sectors since both the system of provision and
the nature of the production process have a number
of unique features.

This chapter examines the economic, organisational
and innovation characteristics of the health sector and
reviews some evidence on performance. To place
current trends in context, section 3.2 begins with an
account of how health care systems have developed
over time, before outlining the nature of the produc-
tion process in health, with particular emphasis on
why the health sector differs from other service
sectors. Developments in the health sector have
significant consequences for the overall economy,
hence a discussion of this critical relationship follows.

Given the significant nature of this link, the impor-
tance of evaluating health sector performance is clear.

The structure of the health care system is an important
factor for consideration in the assessment of perform-
ance. Differences across countries in preferences
between equity and efficiency considerations mean
that health care systems have developed in different
ways; section 3.3 presents an overview of current
systems of provision in the Member States. Section 3.4
then discusses the theoretical framework underlying
attempts to understand developments in health care
performance, concentrating on efficiency arguments
but also considering the impacts on equity. The influ-
ence of technology on performance is also explored.
Available evidence on performance of the EU health
care sector is then reviewed in section 3.5. The health
sector possesses several distinctive features that
complicate the measurement of performance. There-
fore, performance is evaluated through more than one
approach. Section 3.5 begins by considering evidence
regarding health outcomes and expenditures, taken
from both macroeconomic studies covering the entire
sector or large sub-sectors and microeconomic studies
focusing on specific diseases. A discussion of the use of
capital, labour and pharmaceuticals follows, as the
utilisation of inputs also plays a significant role in deter-
mining performance. Finally, this section considers
recent attempts to improve efficiency through reform
in the context of organisational changes. Section 3.6
concludes by drawing some conclusions for policy.

3.2 The characteristics
of the health sector

3.2.1 The system of health provision

The health care sector is subject to a high degree of
government intervention. Governments intervene
both directly, through provision and funding, but
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also indirectly, through regulation. Governments
have to balance the often conflicting goals of equity
and efficiency of health provision. The potential
conflict between these goals is fundamental to
understanding both the development of systems of
provision and attempts to reform these systems.
Hence it is important to place the development of
the health care system in historical context. In a
recent overview of international trends in health
care performance, Cutler (2002) divides the devel-
opment of the sector into a number of stages. He
suggests that the origins of medical care systems in
most countries were fundamentally driven by equity
considerations, with little concern about efficiency.
Guarantees of equal access to medical care for all
citizens led to the development of universal insur-
ance coverage. Initially governments could ignore
efficiency considerations since medical care could
do little for sick people. However, beginning with
the development of antibiotics, the post-war period
has been one of rapid change in our understanding
of the causes of illness and technological change in
treating illness. This in turn gave rise both to rising
costs associated with new treatments and
increasing demand as citizens became more aware
of the benefits of medical interventions. These
increases in costs and demand led to an increasing
conflict between the two goals of equity and effi-
ciency. Cutler (2002) suggests that since the 1960s
the rapid increase in medical care expenditure led
to governments facing severe financial constraints
and so commitments to complete equality became
unaffordable. The initial response of many countries
was first to place regulatory limits on costs,
reducing provider fees and rationing access in the
1970s and 1980s. While these policies had some
success in cost containment, the controls led to
increased waiting times and greater access restric-
tions with resulting dissatisfaction on the part of
consumers. The result was a greater emphasis on
ensuring efficiency with many countries moving
away from regulation towards more market-
oriented solutions in the 1990s. A consequence is
that systems have become less equitable — the poor
do not have the same access to health care as the
rich in price-rationed systems. Hence the equity/effi-
ciency trade-off has become more apparent, with
differences across countries in the preferences of
policy makers with regard to these two goals
leading to differences in the extent to which
market-based reforms have been implemented.

3.2.2 The nature of the production
process

In some ways, the health sector is just like any other
service sector. Inputs such as capital, labour, and

materials are employed to produce health care
outputs. However there are reasons why standard
assumptions employed to measure productivity in
private market services do not translate easily to
measuring performance in the health sector. In
many countries, public provision means that market
prices for outputs are not readily available. An alter-
native might be to use quantity indices, but the
nature of the output is such that it is difficult to
define what precisely is being produced. Health
care is a sector where information asymmetries
abound, since service provision through public
funding or insurance schemes creates a wedge
between the final consumers and service providers.
It is relatively easy to measures the activities of the
sector, e.g. number of medical treatments, but the
extent to which alternative treatments lead to
improvements in the health of the consumer is diffi-
cult to gauge.

Another impediment to an analysis of the perform-
ance of the health sector is the fact that the output
of medical care treatments is difficult to disentangle
from other influences on health, such as lifestyle
and diet. In the health care sector extraneous influ-
ences tend to be very large and often dominate
changes in medical care provision. For example
Tunstall-Pedoe et al. (1999) emphasise the impor-
tance of declining incidence of heart disease
episodes in explaining the reduction in mortality
rates from heart disease over a ten year period. In
turn, this declining incidence is likely to be most
influenced by lifestyles and changes in risk factors
such as smoking.

On the input side developments in technology have
an important influence on all three main categories,
labour, capital and materials. The health care sector
is regarded as being highly skill-intensive and there
are likely to be complementarities between the use
of high technology equipment — e.g. CT scanners —
and skilled labour. Drug use is an important inter-
mediate input and so rapid technological change in
the pharmaceuticals sector will be an important
contributory factor to performance. Also, the use of
new treatments is frequently embodied in capital
equipment. Hence, it is important to take account
of both the quality of inputs used as well as their
quantities in evaluating productivity performance
across countries.

A further potential difference between health care
and private service provision is the possibility of
diminishing returns. Baily and Garber (1997)
suggest diminishing returns are fundamental to the
sector. They suggest that many conditions will
respond to additional units of treatment or
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resources devoted to diagnostic and other manage-
ment with successively smaller units of health
output. In addition, if patients who derive the
greatest benefit from care are the first to receive it,
diminishing returns are also likely to characterise the
expansion in the number of patients treated.
Against this, Berndt (1997) argues that physicians
may in fact treat patients on a first come, first
served basis and that it is not clear that the most
cost effective treatments are undertaken first. The
possible existence of diminishing returns has the
implication that a country that devotes more
resources to a disease will have lower average
productivity than other countries.

Finally the nature of technological change also has
features that distinguish the health care sector from
other services. Changes in medical technology are
generally considered to add to, rather than replace,
old methods. It is a sector where advances in knowl-
edge have increased the capabilities of medical
interventions, and so have led both to rapidly rising
costs and increased demand. The Technological
Change in Health Care (TECH) Global Research
Network (2001) suggests that technological change
is responsible for much of the increased expenditure
on health care world-wide, arguing that other
factors that contribute to expenditure growth
appear to only explain a small fraction.

3.2.3 The effects of the health sector
on competitiveness

Developments in the health sector have significant
consequences for the competitiveness of the
economy. On the one hand the health sector is very
different from other sectors; there is very little inter-
national trade in health services and so EU health
providers face little competition. This lack of interna-
tional competition may lead to inefficiencies which
have a knock-on effect on the rest of the economy,
leading to the potential for misallocation of
resources. In addition the output of the sector,
ensuring a healthy population, may affect produc-
tivity and competitiveness in the economy in general.

Poor relative performance in the healthcare sector
may affect competitiveness through the misalloca-
tion of resources at the macroeconomic level.
Excessive expenditure in the healthcare sector will
shift resources away from other, potentially more
productive, sectors of the economy. In addition,
there are two main channels whereby the health
sector will affect the competitiveness of the overall
economy. The first is the effect that the system has
on labour costs, and hence international competi-
tiveness. The second is the effects the system will
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have on job mobility and hence labour market flex-
ibility. If the health sector is allowed to expand
without control, this will affect labour costs via tax
rates and insurance contributions. Labour costs are
an important determinant of international competi-
tiveness and increased taxation or insurance contri-
butions will affect it negatively, unless the increased
health spending brings with it a parallel increase in
productivity, such as reductions in the numbers of
days lost through ill-health. If there is over-
consumption of healthcare services — due to prob-
lems of supplier induced demand for example — the
increase in costs is unlikely to result in such an
increase in productivity.

The method of healthcare funding will have implica-
tions for job mobility and thus labour market flexi-
bility. Unlike general taxation or national insurance
schemes, occupational insurance schemes (whether
social or private) will increase the costs of moving job.
Research in the US suggests that many workers are
reluctant to move jobs because of the fear of losing
insurance coverage (General Accounting Office,
1995; Gruber, 1998). However, research on
Germany, where the price (although not the benefits)
of insurance may change after a job move, has found
little evidence for this theory (Holtz-Eakin, 1994).

The output of the health sector is the increase in the
health of the population. A healthier economy is in
general a wealthier one. Health has been shown to
play a significant role in determining economic
growth (Bloom, Canning and Jamison, 2004). For
example, improved health has been identified as
one of the key factors behind the East Asian growth
‘miracle’ (Bloom, Canning and Malaney, 2000).
Jamison, Lau and Wang (2004), using data on 53
countries, found that over the period 1965-1990,
approximately 11 % of growth could be attributed
to improvements in health, as proxied by the
survival rate of males aged between 15 and 60
years old. However, this effect was strongest in
those countries that initially had lower levels of
health. Their analysis suggests that health impacts
on growth through its direct effect on output levels
rather than by changing the rate of technological
advancement. Nevertheless, there are considerable
difficulties in measuring the precise relationship
between health and economic performance
because the causality may work in both directions
and dynamic influences may come into play.

Graph 3.1 illustrates how a country’s economic
growth is affected by the health of its population,
drawing on work by Bloom, Canning and Jamison
(2004). Bloom et al. (2004) suggest two channels
through which health affects GDP.
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Graph 3.1: The relationship between health and GDP
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Source: Adapted from Bloom, Canning and Jamison (2004).

First, health affects GDP via its impact on labour
productivity. An individual in good health is, ceteris
paribus, more productive than an individual in poor
health. However it is not only adult health that
plays a role here. Child health is also important as
this influences adult health. It is also of considerable
significance with regard to future labour produc-
tivity. A healthier child is likely to gain more from
their education and their cognitive ability is
enhanced. This provides the grounding for a well-
skilled labour force in the future, boosting labour
productivity and therefore GDP.

Second, Bloom et al. (2004) note that a healthier
adult population increases the size of the available
labour force. A larger labour force results in a lower
dependency ratio, which in turn boosts GDP per
capita. Although this is true for countries with a
very low life expectancy, it is likely to be of less
relevance when considering the EU and other
developed countries. While better health among
adults of working age serves to reduce the depend-

ency ratio, this may not be the case if improve-
ments in health are mainly experienced by those
adults past retirement age. If such improvements in
health lead to an increase in life expectancy, this
may actually cause the dependency ratio to rise,
having a negative impact on GDP. This is particu-
larly relevant in current worries about aging popu-
lations in many developed countries. The increase
in the numbers of retired people will create an
increasing burden similar to that being placed on
countries’ pension systems, where fewer workers
are contributing per retirees claiming. A relatively
stable or even declining workforce in most EU
states has to finance the healthcare for increasing
numbers of elderly citizens.

Graph 3.1 depicts the channels through which
increased health may affect GDP but the causality
could run both ways. In countries with low levels of
health, economic growth provides the resources to be
able to provide a better health system, but this
becomes increasingly difficult (Clarke and Islam,
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2003). However, economic growth may also have a
negative effect on health, for example due to
increased pollution or facilitating lifestyle changes,
such as over-consumption of fatty foods, both of
which can be damaging to health. Finally the chart
depicts a static situation but there may well be
dynamic impacts that are difficult to gauge. For
example one solution to the ageing population
problem is to extend the age of retirement. Better
provision of medical care may facilitate this since
increased health makes it more likely that people are
able and willing to work for a greater number of years.

3.3 Overview of EU Health
Systems

The structure of the health care system is a key
factor for its efficiency. Across the EU, and indeed
internationally, a number of different approaches to
providing health care are apparent. An overview of
the EU and US systems, including the ways in which
health care is both financed and delivered, is
provided in Box 3.1.7

Ensuring that all residents have access to health
services is an important goal in all EU countries, and
as such all have universal or almost universal
coverage. Even in the Netherlands, where only
65 % of the population are covered by a compul-
sory scheme, with voluntary private insurance avail-
able to the remainder, only 1.6 % of the population
are without health insurance. This is in stark
contrast to the US, where 16 % of the population
aged under 65 are uninsured.

Most health care in the EU is publicly financed.
Taxation or social insurance schemes provide the
main sources of funding. Taxation may be
collected at either the national or local level, or
both. Social insurance contributions are generally
made by both employee and employer. Some
countries have a small number of health insur-
ance or sickness funds, such as France, while
some have many, such as Germany. Individuals
may have free choice of insurance fund, or
membership may be determined by occupation.
Although one system will generally predominate,
most countries use a combination of insurance
and taxation to finance health care.

This lists the main features of the systems of health care provision, under the
broad headings of finance, delivery and other important attributes. Typolo-
gies of health care systems, focusing on the extent of public/private
financing and service provision, are common in the literature (see e.g. OECD,
1994). These, however, become less useful when dealing with a large
number of countries. In particular it is difficult to classify the health care
systems in the new member states to these typologies.
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The role of private insurance varies between coun-
tries. In most EU countries, there is the option to
take out voluntary health insurance; this is insurance
that an individual may choose to purchase, either
directly or through an employer scheme. However,
this is generally a supplement to, rather than a
substitute for, the main health care system. The
exceptions are Germany and the Netherlands,
where some of the population are covered by
substitutive private insurance. In the US, most
health care is funded by private insurance, although
the public sector still provides a significant amount
of health care funding.

Individuals are increasingly required to pay part of
the cost of medical care received. This cost-sharing
may, for example, comprise co-payments (the
payment of a fixed amount for a service) or co-
insurance (where the individual pays a proportion
of the cost of care). Their use varies among coun-
tries, with countries such as the UK restricting these
to services such as pharmaceuticals, dental and
optical care, while countries such as Finland also use
cost-sharing for ambulatory and inpatient care.
Cost-sharing can help to reduce unnecessary
demand for services by making consumers bear
some of the expense of treatment, and may there-
fore help to improve efficiency. However, it also has
negative implications for equity in situations where
individuals do not receive the treatment they
require because they cannot afford the cost. To
combat this, exemptions and limits are in place in
all the countries reviewed here to ensure that the
poorer and more vulnerable groups of society are
not adversely affected by these measures.

The payment system used for physicians is also an
important factor as this can affect expenditure and
impact on incentives. For example, some doctors
receive salaries, some are paid on a fee-for-service
basis, and some are paid on a capitation basis. Fee-
for-service means that a payment is made for each
service provided, while capitation systems involve
the payment of a fixed amount for each patient
enrolled per time period. Fee-for-service systems
tend to be more expensive as they can lead to over-
supply of services. Salaries tend to be better at
containing costs but may provide little incentive to
increase output. In response to these problems,
some countries have introduced payment systems
that combine two or more of these methods.

Delivery of health care can be provided by either
the public or private sector, and is most commonly
provided by a combination of both. Increasingly,
contracts are used whereby purchasers contract
with either public or private providers to deliver
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services. Alternatively, care may be provided
directly, through an integrated model. Choice of
provider varies between countries. Some allow free
choice of both doctor and hospital, which may
serve to increase competition and is also partly
aimed at increasing patient choice and satisfaction.
Some countries allow direct access to all levels of
health care, while others employ a gatekeeping
system where a referral is necessary to obtain
hospital and sometimes specialist care. Gatekeeping
can help to improve the continuity of health care
services that a patient receives.

The EU enlargement has introduced even greater
diversity into the range of health care systems in the
EU. The consequences of enlargement and the chal-
lenges that lie ahead not only for the new Member
States but also the impact on the existing members
are the subject of much current discussion; see for
example, MacLehose and McKee (2002) and Busse
(2002). A brief description of current health systems
amongst the new Member States is presented in
the second half of Box 3.1.

The new Member States have seen dramatic
change in their health systems in recent years. They
have moved from highly centralised, planned
systems to a much more decentralised approach.
Reforms are ongoing, and in particular these coun-
tries have continued to undergo change in order to
comply with the conditions necessary for EU acces-
sion. Although some provide universal coverage,
others are yet to achieve this completely.

These countries now all have a health system based
to varying degrees on a compulsory social insurance
system. The most notable exception to this is Latvia,
where most health care is financed through taxa-
tion, and although there is a so-called ‘health insur-
ance system’, in reality the main role of the sickness
funds is administration of the health care budget.

Voluntary health insurance (VHI) generally plays a
small role, if any. Cost-sharing has been estab-
lished in all systems, for example with the intro-
duction of co-payments. An important additional
feature of health systems is informal payments,
which are an area for concern. Murthy and
Mossialos (2003) discuss a number of reasons
why such payments take place, including poorly
paid health care professionals, limited private
provision, and a lack of both transparency and
funding in the health system, as well as cultural
factors. They also propose that this is one possible
reason why the market for VHI is often small in
such cases, as individuals would rather make
direct payments to the doctor than make contri-
butions to a private insurance company.

Two new Member States, Cyprus and Malta, have
very different historical backgrounds to the central
and eastern European countries. However, their
health systems are also undergoing significant
change, with both countries currently in the process
of introducing social insurance systems.

Box 3.1: Overview of Health Systems in the EU and US®2

Belgium

Finance: Mandatory health insurance system, 65 % funded by social insurance contributions, 35 % by federal govern-
ment subsidies. Co-payments apply for several services, including in ambulatory and inpatient care. Most doctors are
paid on a fee-for-service (FFS) basis. Increase in popularity of supplementary voluntary health insurance (VHI), provided

by both mutualities and private insurers.

Delivery: Health care is mostly privately provided. Primary care is mostly provided by independent doctors. Approxi-
mately 60 % of hospitals are private, non-profit making organisations, remainder are publicly owned. Free choice of
provider and hospital. No formal gatekeeping system, although a patient would generally be referred to a hospital by a

general practitioner (GP) or specialist.

Other: Almost universal coverage. 88 % are covered by the main insurance scheme for both major and minor risks, while

the self-employed are only covered for minor risks.

22 The descriptions below draw heavily on information from the European Observatory on Health Care Systems, in particular the ‘Health Care Systems in Transi-
tion” publications (see references). Information was also obtained for the fifteen existing EU member states from Jakubowski and Busse (1998), and for the new
EU member states from the World Health Organisation (2000, 2001) ‘Highlights on health’ publications and the Gesellschaft fiir Versicherungswissenschaft und -
gestaltung e.V. (2003). In addition, the following country-specific sources were used: Riesberg and Busse, 2003 (Germany); Hellenic Republic, Ministry of Health
and Welfare (Greece); Imai, Jacobzone and Lenain, 2000 (France); Department of Health and Children, 2001, 2004 (Ireland); Schaapman, 2003 (Netherlands);
Department of Health, 2004a (UK); Royal College of General Practitioners, 2002 (UK); Republic of Cyprus, 2003 (Cyprus); Palu and Kadakmaa, 2001 (Estonia);
Ministry of Health, 2004 (Malta); Jasiutowicz, 2000 (Poland); Girouard and Imai, 2000 (Poland); Docteur, Suppanz and Woo, 2003 (US) and National Center for
Health Statistics, 2003 (US). Helpful advice on updating these descriptions was received from the following individuals: Klara Frecerova, Director of Department
of Foreign Relations, Ministry of Health; Dr. Svatopluk Hlavacka, Director of Health Care Department, Ministry of Health, Slovak Republic; Jarno Habicht, WHO
Representative for Estonia; Catharina Hjortsberg, The Swedish Institute for Health Economics (IHE); Maria Hofmarcher, Institute for Advanced Studies, Austria; Jutta
Jarvelin, Centre for Health Economics at Stakes (CHESS), Finland; Jautrite Karaskevica, Health Statistics and Medical Technology Agency, Latvia; Liuba Murauskiene,
Director, Health Economics Center, Lithuania; Frances O’Brien, Department of Health and Children, Ireland and Sarah Thomson, London School of Economics.
While we have endeavoured to ensure that each country profile is as up-to-date as possible to the best of our knowledge, the constantly evolving nature of health
care systems means that it is possible that changes have occurred to the descriptions reported here.
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Denmark

Finance: National health service (NHS), financed mainly through state, county and municipal taxation. Co-payments
apply for some pharmaceuticals, dental care, physiotherapy and spectacles, also for group 2 GP option (see below). GPs
are mainly paid by a combination of capitation and fee-for-service payments. Approximately 28 % of the population have
some form of additional VHI, often in order to obtain cover for co-payments.

Delivery: State-controlled but highly decentralised. Most primary care is provided by self-employed GPs. Most hospitals
are publicly owned and managed at the county level, private sector accounts for less than 1 % of hospital beds. Free
choice of hospital offered since 1993, but not widely used.

Other: Universal coverage. There are two options for GP care; in group 1, restricted choice of GP and free access to
secondary care requires referral, while group 2 allows for free choice of GP or specialist but the patient must pay extra
for this privilege (1.7 % of population).

Germany

Finance: Compulsory social insurance scheme, financed mainly by insurance contributions. Above a certain income level,
it is possible to opt out of the statutory system and purchase private insurance — applies to about 9 % of the population
(including some employees covered by employers). Use of co-payments has recently increased, including for ambulatory
and inpatient care, following implementation of the Statutory Health Insurance Modernization (SHIM) Act. Doctors
working in ambulatory care are paid FFS. Largest VHI market in Europe, all are entitled to purchase supplementary private
insurance.

Delivery: Strict separation between primary and hospital care. Most primary care is provided by private doctors — free
choice of GP, direct access to specialists. Hospital care is provided by both public and private providers — very few are for-
profit. A referral is generally required for access to hospital care. Free choice of hospital in theory, but in practice this is
not always possible.

Other: Almost universal coverage, less than 0.2 % are uninsured.
Greece

Finance: Mix of NHS and social insurance system, funded 46 % by social insurance contributions, 12 % from taxation (in
2000). 42 % of health care expenditure financed privately, mainly direct payments to private providers, but also some
co-payments. Mix of physician payment systems, including FFS in private sector and for those on contract to insurance
funds, while those employed by health centres are generally salaried.

Delivery: Mix of public and private providers, health care is delivered through health care units belonging to the NHS,
the insurance funds and the private sector. 25 % of hospital beds are provided by the private sector. Individuals can
choose any public or private hospital that is contracted by their fund, but must pay if they choose a non-contract private
hospital.

Other: Almost universal coverage. Those who are not insured have free access to public hospitals and health centres.
They can also pay directly for private treatment if they wish.
Spain

Finance: National health service, mainly financed through general taxation. Co-payments of 40 % for prescription phar-
maceuticals, but not for public primary, outpatient or inpatient care. Hospital doctors are paid by salary, as are most
primary care doctors (with some capitation). Some supplementary voluntary private insurance.

Delivery: Most health care provided publicly. Primary care is publicly managed and delivered. Patients have the right to
choose a GP but unlikely to consult a GP outside of their health area. Most hospitals are publicly owned. ‘Three-stage’
gatekeeping system in operation — to access hospital care, required to first see a GP then an ambulatory specialist.

Other: Almost universal coverage - 99.8 % in 2000.
France

Finance: Compulsory health insurance system, mainly funded by insurance contributions - most of the employee’s
component replaced by the ‘general social contribution’ tax since 1998. Co-payments apply for a wide range of services.
Over 90 % of the population now have some form of supplementary VHI, since free VHI cover was made available to
those on low incomes in 2000. GPs and specialists in ambulatory care are generally paid by FFS, while hospital staff are
normally salaried.

Delivery: Free choice of provider (doctor and hospital). Most ambulatory care is provided privately. No referral system, an
attempt to encourage this has not been widely taken up. About 2/3 of hospital care is provided by the public sector.

Other: Universal coverage attained following introduction of Universal Health Coverage Act (CMU) in 2000.
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Ireland

Finance: National health service system, mainly financed through general taxation. Some voluntary private insurance,
accounting for roughly 6.8 % of total health spending in 2001. Co-payments apply, additional charges for non-medical
cardholders for certain services, including GP visits. GPs are paid by capitation for patients who are medical cardholders,
but FFS for non-medical cardholders (no set charges).

Delivery: Mix of public and private provision. Most hospitals are publicly owned. Some purely private hospitals, but often
possible to receive private care in a public hospital. GPs are independent, those belonging to the General Medical
Services (GMS) scheme can provide services to medical cardholders through contracts with the health boards. Some
choice of GP. A referral from a GP is normally required in order to access hospital care.

Other: All residents are entitled to health care, but while approximately 30 % are medical cardholders (those aged over 70 years
old as well as those on low incomes) and entitled to mainly free services, the remainder are subject to charges for some services.

Italy

Finance: National health service, mainly financed by taxation. A regional tax on productive activities replaced social insur-
ance contributions in 1997. Use of co-payments, including for diagnostic services, pharmaceuticals and specialist visits.
Some supplementary private insurance. GPs are paid on a capitation basis, hospital doctors are salaried.

Delivery: Most health care is publicly managed. The majority of hospitals are publicly owned. Gatekeeping system — a visit
to a specialist must be authorised by a GP, but the patient has free choice of any NHS accredited specialist.

Other: Universal coverage.
Luxembourg

Finance: Compulsory health insurance. State contributes a maximum of 40 % to the health insurance system, the
remainder is funded through insurance contributions. Co-payments apply for various health services. 75 % of the
working age population have voluntary complementary private health insurance. GPs are paid by FFS.

Delivery: Primary health care is provided mainly by independent GPs. Patients have free choice of GP or specialist, with
direct access. No gatekeeping system. One private for-profit hospital, remainder are divided between non-profit organi-
sations and those run by local authorities.

Other: Almost universal coverage.
Netherlands

Finance: Mixed insurance system. All residents are covered for long term and high cost care under the Exceptional
Medical Services Act (AWBZ). General health care provided through compulsory membership under the Sickness Funds
Act (ZFW) for individuals below a certain income level (65 % of population). AWBZ and ZFW are mainly funded by insur-
ance contributions, also receive state subsidies. Those not covered by ZFW can purchase voluntary private insurance
instead. Supplementary private insurance is available to all from both the sickness funds and private insurers. GPs are paid
by capitation for those patients insured under ZFW, but FFS for those with private insurance. Co-payments apply for
various health services, under all three insurance components.

Delivery: Ambulatory care mainly provided by private GPs. Over 90 % of hospitals are private non-profit institutions. Free
choice of GP. Gatekeeping system — a referral is needed from a GP in order to access specialist care, but there is free
choice of specialist.

Other: 1.6 % of population are uninsured. New insurance system proposed from 2006.
Austria

Finance: Compulsory social insurance. Social insurance contributions fund just over half of health care expenditure.
Increasingly, a greater proportion of health care is financed through private expenditure. Approximately 1/3 of the popu-
lation have supplementary private insurance. Several co-payments apply, in both primary and hospital care. GPs are
mainly paid FFS - with higher fees charged by ‘non-contract” doctors.

Delivery: Most primary care is provided by private self-employed doctors, although increase in outpatient care in hospi-
tals is resulting in a mix of public and private provision in ambulatory care. Most hospital care is provided publicly. Some
use of gatekeeping. A patient is free to choose any doctor contracted by their fund — can also choose to see a ‘non-
contract’ doctor but rate of reimbursement is lower.

Other: Universal coverage, not possible to opt out of the insurance system.
Portugal

Finance: National health service, mainly funded by general taxation. In addition, ‘health sub-systems’ provide health care
for particular professions (about 25 % of population), funded by employer and employee contributions. Co-payments for
pharmaceuticals, as well as for other services including consultations, emergency and home visits. About 10 % of the
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population have supplementary voluntary health insurance. NHS doctors are salaried, private doctors are paid FFS. Many
doctors combine NHS work with private practice.

Delivery: Primary care is publicly and privately provided. Free choice of GP. Under the NHS, GPs act as gatekeepers for
secondary care, but members of health subsystems can directly access any specialist or hospital allowed by their scheme.
Most hospital care is provided directly by the NHS.

Other: Universal coverage.
Finland

Finance: National health service, most health care funded through taxation, with shift in financing from the state to the
municipalities in recent years. In 2000, 18 % of total health expenditure was paid by the state, 42 % by the municipali-
ties and 15 % by the National Health Insurance (NHI). Patients pay directly for private care and generally can reclaim
one-third of the cost through NHI. Co-payments apply for various services, including in ambulatory and hospital care.
Very small voluntary insurance sector. Private doctors are paid FFS. Hospital doctors receive salaries. So are most health
centre doctors, although some receive a combination of salary, capitation and FFS.

Delivery: Primary care generally provided through publicly owned health centres. Hospitals are mostly publicly owned.
Little choice of GP — some choice within health centre. Patients need a referral to access specialist care at hospitals. Direct
access to specialists in the private sector, who can also refer to public hospitals. No real choice of hospital.

Other: Universal coverage.
Sweden

Finance: National health service, mainly funded through local taxation, with some subsidies from national government.
In 1999, social insurance contributions funded 21-25 % of health spending. Co-payments include flat-rate fees for many
health services, set by county councils. Very small market for supplementary VHI. Public doctors in ambulatory care are
salaried.

Delivery: Ambulatory care is provided by public and private doctors, and hospital outpatient departments. Free choice of
first-contact provider. Hospitals are publicly owned, very few private hospitals. It is possible to access secondary care
directly through a hospital outpatient department. Some choice of hospital, a referral is not always necessary.

Other: Universal coverage.
UK

Finance: National health service, mainly funded through general taxation. Almost 10 % of total health care expenditure
financed through national insurance contributions. Co-payments apply for some services, including for pharmaceuticals,
dental and optical care. Some supplementary private VHI. GPs are paid by a combination of capitation, allowances and
fees for particular services. Hospital staff are salaried. Private doctors are usually paid by FFS.

Delivery: Primary care is provided mainly by GPs, together with other health care professionals, through primary care
trusts (PCTs). PCTs play an increasingly important role in the health system. Some choice of GP, but must live within
designated area. Very small number of private sector GPs. GPs act as gatekeepers to secondary care. Most hospitals are
publicly owned, less than 5 % of hospital beds are in the private sector.

Other: Universal coverage.
Cyprus

Finance: The public health sector, accounting for less than 40 % of total health care spending, is financed through
general taxation. This provides free or reduced rate health care to those who are eligible — approximately 55 % of the
population. Emergency services are available to the entire population at no charge. The private sector plays a significant
role, this is mostly financed by direct payments; the private insurance market is fairly small. In addition, there are schemes
that cover certain sections of the population, these are generally organised and funded by employers.

Delivery: Mix of public and private provision. Health services are provided publicly under the government health system.
The ‘special schemes’ may sometimes use both the public and private sectors to deliver health care.

Other: A National Health Insurance System (NHIS) is to be implemented by 2006. This should lead to universal coverage.
The Health Insurance Organisation will contract both public and private providers to deliver health care services. All indi-
viduals will be able to choose a GP to register with; some choice of specialist and hospital will also be possible.

Czech Republic

Finance: Compulsory health insurance system, financed by contributions from individuals, employers and the state.
Health insurance finances more than 80 % of health care expenditure. Some use of cost-sharing, mainly for certain phar-
maceuticals, dental care and medical aids. Very small market for supplementary voluntary insurance. Doctors in public
hospitals are salaried, while, since 1997, GPs are paid mostly by capitation with some FFS.
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Delivery: Mix of public and private providers, who enter into contracts with the insurance funds to provide care, regard-
less of ownership. Most ambulatory care is privately delivered. Patients have free choice of doctor. No gatekeeping
system as yet. Most hospitals are publicly owned — only roughly 10 % of total beds are in private hospitals.

Other: Universal coverage, not possible to opt out of insurance system.
Estonia

Finance: Social health insurance system, accounts for approximately 65 % of total health care expenditure. General taxa-
tion accounts for approximately a further 10 %. Use of cost-sharing, including co-payments for pharmaceuticals, most
dental care, visit fees for outpatient care and bed-day fees for inpatient care. Private VHI plays a very small role,
accounting for 1 % of total health care spending. Primary care doctors are independent, entering into contracts with the
insurance fund to provide services, and physician payment methods vary. Hospital doctors are paid mainly by salary, but
hospitals may also choose to include a performance related component.

Delivery: Reforms to primary care introduced in the 1990s were largely implemented by 2003. GPs are now independent
contractors. All Estonian citizens have enrolled with a GP, patients have free choice of any GP or specialist that is
contracted by their insurance fund. GPs have some gatekeeping role, but patients can still access certain outpatient
specialists directly. Outpatient care providers and hospitals are also contracted by the Estonian Health Insurance Fund. At
present, most hospitals are publicly owned, but this is an area currently undergoing reform.

Other: In 2001, estimates suggest that 93.5 % of the population were covered by health insurance. Emergency medical
care is available to those who are not insured.

Hungary

Finance: Compulsory National Health Insurance Fund, accounts for the majority of health care expenditure. In addition
to insurance contributions, a health care tax, payable since 1997, is another important source of funding for the insur-
ance system. Co-payments apply for some services. Very small VHI sector. Most doctors are public employees and receive
a salary. However, the majority of GPs are now paid mainly on a capitation basis.

Delivery: Public sector is dominant in the provision of health care, the private sector plays only a small role. Free choice
of GP. Most GPs now operate under a contract system, but some are employed directly by local government. Some use
of gatekeeping, but not particularly strict, still possible to access some specialists directly. Delivery of health care is still
largely hospital-centred. Only a small percentage of hospital beds are under private ownership.

Other: Almost universal coverage, roughly 1 % are not insured.
Lithuania

Finance: Compulsory health insurance system introduced in 1997. Health expenditure is financed by a combination of
insurance contributions and taxation. Small VHI market. Some co-payments apply, mainly for pharmaceuticals and
medical aids. Doctors in public hospitals and clinics are paid mainly by salary. Health care providers contracted by the
Health Insurance Fund are permitted to charge for some services, in line with legal regulations. Primary care is now remu-
nerated on a capitation basis.

Delivery: Most health care is publicly provided. Some private sector involvement, mostly in the provision of outpatient
care. Growing private provision of primary care. Choice of primary care facility and of GP within this. A referral is required
to access specialist care. Without a referral, the patient must pay, except in an emergency case. Hospitals are publicly
owned.

Other: All residents should be covered by the health insurance system, but if no contributions are paid a patient receives
care at no cost only in an emergency.

Latvia

Finance: Most health care expenditure is financed by taxation collected at the central level. A ‘health insurance system’
is in place, but the main purpose of the sickness funds is actually to administer the health care budget. Resources are allo-
cated to the sickness funds, who contract with providers to deliver health care. Cost-sharing applies to many health care
services. The market for voluntary private health insurance is small but increasing. Variety of physician payment systems.

Delivery: On-going reforms to primary care. Free choice of GP, although in practice this may not be possible in more rural
regions. Primary health care doctors may be directly employed or work on a contract basis. A referral is necessary to
access most specialists and secondary care. Hospital care is mostly provided by the public sector, small number of private
hospitals. Patients have free choice of hospital among those that are contracted by their sickness fund.

Other: Universal coverage in theory, in practice some individuals experience difficulty in accessing care due to not being
able to afford treatment and because of distance from health care facilities.
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Malta

Finance: National health service, funded from general taxation. Cost-sharing applies for pharmaceuticals, some dental
and optical care. Significant private sector - increasing role of voluntary private insurance, but many also pay directly to
see private GPs and specialists. Doctors in the public sector are salaried, those in the private sector are paid FFS. Most
doctors working in the public sector also provide health care privately.

Delivery: Most health care is hospital-based. Hospital care is available from public hospitals under the NHS. A few private
hospitals also exist. Under the state system, primary care is provided mainly in public health centres. Patients are not
registered with their own GP, seen by duty doctor. Although a gatekeeping system is in operation, not always effective.
Possible to indicate a preference for a certain specialist. Many choose to pay for private primary care — estimates suggest
that 2/3 of primary care is provided privately. Private specialists can be accessed directly.

Other: Universal coverage. Malta is currently reforming its health system, funding will in future come from the National
Insurance Fund rather than general taxation, and the current integrated model will be replaced by a contract system.

Poland

Finance: Compulsory national health insurance system, introduced in 1999, financed mainly by insurance contributions.
Some co-payments, mainly for pharmaceuticals, dental care and medical aids. Small role for private health insurance.
Remuneration in primary care is mainly by capitation. Hospital physicians working in the public sector are mostly paid by
salary with some additional payments, for example, for providing specific services. FFS is the usual method of payment
for private care.

Delivery: Health care is provided by both the public and private sectors. The sickness funds contract with providers from
both sectors to deliver services. Some use of gatekeeping, a referral is generally needed to access secondary care,
although some specialists are directly accessible. Free choice of any provider that is contracted by the sickness fund. It is
also possible to receive care from a private provider not contracted by the fund but in this case the individual must bear
the cost. Most hospitals are publicly owned.

Other: Almost universal coverage.
Slovenia

Finance: Health insurance system, statutory insurance contributions fund the majority of health care spending. Co-
payments apply for various services. Supplementary VHI is available in order to cover cost of co-payments and some extra
services. Doctors employed in the public sector are paid mainly by salary with some incentive payments. Private sector
doctors working on a contract basis are paid according to the terms of the contract, those without contracts are paid FFS.

Delivery: Primary care is provided by both the public and private sectors. Patients can choose a primary care doctor in a
public health centre or a private doctor that is contracted by the insurance fund. Use of gatekeeping — a referral is
required to access secondary care but patient has choice of provider. Most hospitals are publicly owned.

Other: Almost universal coverage, not possible to opt out of the mandatory insurance system.
Slovak Republic

Finance: Compulsory health insurance system, mainly funded by insurance contributions. Some use of cost-sharing,
including for certain pharmaceuticals and medical aids. Public sector doctors are salaried. Independent GPs (98 %) are
paid by capitation, private specialists (75 %) are paid on a FFS basis.

Delivery: Primary care doctors are independent and have contractual agreements with the health insurance funds to
provide care. Individuals have choice of GP although in certain areas this may be limited. Gatekeeping system, although
some specialists can be accessed without a referral. Private specialists, working on a contract basis, operate alongside
public sector specialists. Most hospitals are publicly owned.

Other: Universal coverage.
United States

Finance: Mostly private insurance, with the majority of the working-age population covered by employer insurance
schemes. Public sector involvement still significant, particularly, for example, with the Medicare and Medicaid
programmes. Co-payments apply. Variety of payment systems for doctors, including FFS and capitation.

Delivery: Mostly privately managed and delivered. Most hospitals are community hospitals, of which 2/3 are private, not-
for-profit organisations. A few are operated by federal government. Significant increase in ‘managed care’ during 1990s,
these plans sometimes involve use of gatekeeping. However, the restrictions on freedom of both consumers and physi-
cians led to considerable dissatisfaction, and there has been a shift away from very tight management in recent years.

Other: Approximately 16 % of the population under 65 years of age were uninsured in 2001.
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3.4 The determinants
of health sector performance

This section considers factors affecting the perform-
ance of the health sector, how EU governments
have responded and the effectiveness of these poli-
cies. It is important to note that the health sector is
the subject of considerable governmental interven-
tion across the world, even in the US. In order to
understand the performance of the sector, it is
important therefore to understand why this is so.
Essentially, the health sector is subject to a number
of market imperfections that are likely to increase
the consumption and supply of and hence expendi-
ture on healthcare.

3.4.1 Reasons for government
intervention

There are two main sets of justifications for govern-
ment intervention in the health sector: equity
considerations and reasons of economic efficiency.
The health sector is subject to a number of — often
interrelated — market imperfections and information
asymmetries. These problems impinge upon the
efficiency of the sector as they affect incentive struc-
tures, resource allocation and the development and
dissemination of technological advances. Perverse
incentives may be created, encouraging over-
consumption/provision of health services.®

3.4.2 The efficiency of the health sector

Economic efficiency is made up of two components:
technical and allocative efficiency. Technical effi-
ciency refers to the ability to obtain maximal output
from its inputs. Allocative efficiency refers to
whether the outputs and inputs are used in the
correct proportions, given their prices. Efficiency
problems can often create or exacerbate inequality
in the availability of healthcare, as in the case of risk
selection. However, often the cures for inefficiency
have a negative impact on the equitable distribu-
tion of healthcare. One example of this is the use of
cost-sharing to overcome the moral hazard created
by the availability of care at zero marginal cost. The
majority of the discussion of this chapter involves
technical efficiency, but allocative efficiency will also
impact upon the competitiveness of EU economies.

The funding system for healthcare can affect alloca-
tive efficiency at three levels (Mossialos and Dixon,

93 It is possible that they will also lead to under-consumption in certain sectors
of the economy, because of risk-selection and wealth effects, which will lead
to an inequitable health outcome.

2002): allocation of resources between healthcare
and the rest of the economy; how they are allo-
cated to areas within the healthcare system; and
within areas. Clearly, over-consumption or over-
supply in the healthcare sector may shift resources
away from other, potentially more productive,
sectors of the economy, either through increased
insurance premiums and taxation or through the
reduction of government spending from potentially
more productive areas. Other problems of allocative
inefficiency include the relative demand for different
factors of production, such as capital versus labour,
or different types of labour.

3.4.3 The influence of market structure
on performance

Healthcare is essentially provided by insurance,
either private or social insurance or through taxa-
tion. This enables the risk surrounding the demand
for healthcare to be pooled. In common with other
insurance markets, the health sector is liable to a
number of imperfections. In addition, the market
for health care may be such that it produces an
unsatisfactory or inappropriate outcome, from the
point of view of society as a whole. Some aspects of
healthcare — for example infectious diseases — have
the features of a public good, in particular the pres-
ence of positive externalities, i.e. external benefits
to other members of society from the provision of a
health service. If individuals, their insurance funds,
or the government pays the marginal private
benefit of a medical intervention for its provision,
society as a whole will under-consume healthcare.?*
In addition to the issue of externalities, there are
three main mechanisms whereby the structure of
the market will impact on equity and efficiency in
the health sector resulting from imperfect informa-
tion: moral hazard, adverse selection and risk selec-
tion. Their effects will generally be to increase
consumption and expenditure.

3.4.3.1 Moral Hazard

A healthcare system based on insurance or taxation
will suffer from problems of moral hazard because
the very act of being insured creates incentives for
individuals to change their behaviour in two impor-
tant ways. First, they may seek less diligently to
prevent illness, knowing that their insurance will
cover the monetary costs arising. Second, in the
light of any health problem, they are likely to over-
consume healthcare because of its low cost

24 Unless there is only one insurer, in which case the externality is internalised
because the additional costs will be borne by the insurer.
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compared to the situation where they pay the full
cost of their actions. This is exacerbated by supplier-
induced demand whereby health providers under-
stand many aspects of a patient’s medical state
more than they themselves or their insurers do and
they also are more aware of the potential medical
interventions. The possession of this knowledge can
be exploited to the provider’s gain by manipulating
the quantity, quality and price of healthcare services
in ways not readily apparent to the patient. Another
aspect of this is the incentive to demand new — and
possibly more expensive — medical technology over
old (Zweifel and Manning, 2000; Weisbrod, 1991).

A number of policies have been implemented to
overcome the problem of moral hazard, primarily
with the intention to mitigate its effects on expen-
diture. Many countries have implemented budget
caps in an attempt to contain spending, with
varying degrees of success. Experience suggests
that such measures are most effective in health
systems where financing and delivery of health
care are or have been integrated, for example in
Denmark and the UK. However, this is not always
the case, as other countries with integrated health
systems, including Greece, Italy, Portugal and
Spain have not enjoyed similar success (Docteur
and Oxley, 2003). Budgetary measures have
generally not been particularly successful in health
systems financed by social insurance, such as
France. Alternatively, some more indirect measures
to contain expenditure have been applied; for
example, during the mid-1990s, Germany
restricted spending to the rise in revenue from
insurance contributions, which were set at fixed
rates (Docteur and Oxley, 2003).

Most EU countries have increased their use of cost-
sharing for pharmaceuticals, dental and ophthalmic
treatments, especially during the 1990s. The effect
of this is to reduce expenditure by directly shifting
expenditure from the government or insurer to the
individual. By shifting part of the cost to the
consumer, such policies can also reduce over-
consumption. However, research by Siu et al.
(1986) suggests that it is not the case that co-
payments reduce ‘unnecessary’ treatment by any
more than ‘necessary’ treatment — both types of
care appear to be affected to the same extent. Cost-
sharing may even lead to a decline in efficiency if it
results simply in a shift in the place where individ-
uals seek treatment — from general practitioners to
hospitals, for example (Docteur and Oxley, 2003).

One way to overcome the problem of supplier
induced demand via the incentive structure is

02_2004_0531_testo EN 12-01-2005 14:17 Pagina 125 $

Chapter 3 — Performance in the EU Health Sector

through capitation.?> Capitation attempts to predict
the demand for healthcare by the population and
pay healthcare providers the expected costs. This
can be done simply at an aggregate level, or it may
depend on personal characteristics, such as age,
morbidity and social circumstances. Capitation can
be done simply by assigning an equal amount of
funding to every citizen, regardless of their charac-
teristics or circumstances, as it is in Spain. Alterna-
tively it can depend on personal characteristics,
such as age (as in France), or a progressively more
sophisticated set of demographic, morbidity and
social circumstances from gender (as in Germany)
through to marital status, housing tenure and
employment status (as in Stockholm County).

3.4.3.2 Adverse selection

Asymmetric information between population and
insurer in voluntary insurance schemes can result in
adverse selection as insurers cannot calculate an
actuarial premium for each individual and so
charges an average premium. This will create the
incentive for above average risk individuals to
purchase insurance but those with below average
risk to forego it, causing overall risk, and hence
premiums, to increase. Governments attempt to
overcome this problem by financing the system
through taxation or by legislating to make contribu-
tions to insurance compulsory.

3.4.3.3 Risk selection

The converse of adverse selection is risk-selection,
where insurers will refuse insurance to individuals
with above-average risk. High risk individuals will
not reap the benefits of risk pooling and therefore
may not be able to afford insurance. As with
adverse selection, governments attempt to over-
come this problem by financing the system through
taxation or by legislating to make access to insur-
ance, and hence health services, open to all.

3.4.3.4 Lack of competitive forces

It has long been known that a major potential
problem with public sector service provision is the
lack of a price mechanism to allocate resources.
Public sector intervention, therefore, is likely to
eliminate or at least reduce the financial incentives

25 A market solution to over-consumption, over-supply or over-pricing is
managed care, whereby an agent (typically the insurer) attempts to control
costs by directly managing the relationship between provider and insured
individual. This can include many situations from the restriction of the set of
providers to fully integrated systems of insurance and service providers
(Glied, 2000). However, the evidence on managed care is mixed. Whilst
there may have been an initial effect on total expenditure, these were short
lived (Maynard and Bloor, 1998; Maynard and Dixon, 2002).
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increasing productivity or promoting technological
advances. The effects of this may be felt throughout
the sector. For example, if individuals do not have
any choice with regard to their service provider, the
latter have little incentive to maintain ‘competitive’
prices. Governments have attempted to overcome
the lack of a functioning market by introducing
wage or price controls or by creating some form of
pseudo markets.

Wage controls have been most commonly used in
those countries with integrated health care systems.
This has been applied to both the hospital sector, as
in Denmark, Ireland and the UK, and also in ambu-
latory care where staff are salaried, for example, in
Finland, Spain and Sweden (Docteur and Oxley,
2003). Price controls have also been widely applied.
A variety of approaches have been taken to control-
ling prices, including the direct setting of prices by
government. With the exception of Germany, all
other EU countries have some form of price controls
for pharmaceuticals (Docteur and Oxley, 2003).
Another approach to controlling prices has been
used both in Germany, in its ambulatory sector, and
Austria, in its hospital sector. These countries have
introduced systems which exert control over prices

by adjusting these according to the quantity of
services provided, in order to remain within a set
budget.

In systems where a purchaser/provider distinction is
in place, price negotiations may take place between
the two parties, introducing potentially competition
between providers. The UK is one example but
competition, notably at the level of hospitals, can
also be found in Denmark, Finland and some
Swedish counties. Docteur and Oxley (2003) note
that sometimes such negotiations have collapsed,
for example, as has previously occurred in Belgium,
France and Luxembourg, and prices have had to be
set directly as a result.

Systems based on salaries provide little incentive to
increase output; hence the introduction of fee-for-
service contracts in some countries (e.g. Belgium,
Denmark, Greece, France, Luxembourg, the Nether-
lands, Austria, and Finland), usually in the private
sector. Fee-for-service systems tend to be more
expensive and can lead to over-supply of services,
as opposed to salaries, which tend to be better at
containing costs. This has led to some countries
introducing combined payment systems.

Box 3.2: The influence of market structure on performance

Moral Hazard

Problem: low or zero marginal cost of service

Effects: increase in demand for services by individuals and supplier induced demand leading
to increased overall costs

Policies: cost-sharing, capitation, managed care

Adverse selection

Problem: asymmetric information between population and insurer/funding body

Effects: the use of average risk premiums leads to high risk individuals taking up insurance
and low risk ones foregoing it.

Policies: compulsory contributions, taxation

Risk selection

Problem: asymmetric information between population and insurer
Effects: private firms tend to ‘cherry-pick’ insurees, no insurance for high risk people
Policies: compulsory contributions, taxation

Lack of competitive forces

Problem: public sector intervention reduces or eliminates financial incentives increasing productivity
or promoting technological advances.

Effects: high prices of services, equipment and pharmaceuticals as well as high wages.

Policies: purchaser-provider split, price and wage controls, fee-for-service, contracting-out
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3.4.4 Technology and innovation in the
healthcare sector

Technology is an important determinant of the
performance in the health sector where technology
is changing rapidly. Sixty years ago, the healthcare
system involved mainly diagnosis, prediction of the
likely outcome and guidance while illness took its
own course; nowadays there are a wide variety of
possible interventions (Weisbrod, 1991). Tech-
nology is generally accepted as the main explana-
tory factor behind increasing health expenditure
(e.g. Newhouse, 1992, Moise, 2003a). Gelijins and
Rosenberg (1994) identify three ways in which
health expenditure is influenced by technological
developments. First, expenditure may increase
when a new technology is introduced. Second,
expenditure will be affected by the intensity with
which existing technology is applied. Finally, expen-
diture will also be affected by the rate and extent of
expansion of use of new technology. However,
recent research (Cutler and McClellan (20071)
suggests that while new technology generally
increases expenditure, the benefits of improved
technology may outweigh the extra costs. New
developments can be cost-enhancing by increasing
the quality of treatments or cost-reducing by
increasing the efficiency with which a given
problem is treated. Although the latter will increase
the productivity of the sector, the effect of the
former is ambiguous and its evaluation requires
difficult measurement of quality change.

Basic research in health care is global, with
advances in knowledge publicly available in medical
journals or disseminated at conferences. Also knowl-
edge about new health care products is widely
disseminated as drugs and other medical devices
are often sold on world markets. However, while
new technologies are used in all countries quickly
after they are available, the extent of use varies
enormously. According to McClellan and Kessler
(2003, p. 4): ‘although technological change in
health care may be driven ultimately by discovery
and invention of new techniques and devices, cross
national studies of the cause and consequences of
technological change focus on differences in rates
of actual use of technologies.” Thus, when consid-
ering the impact of technology on productivity the
primary interest is in diffusion.

The organisation of the health sector will have an
important influence on the development, dissemi-
nation and implementation of new technology. The
funding mechanism will have an important influ-
ence on the type of research that is undertaken via
the incentives it provides to practitioners and
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researchers (Weisbrod, 1991). The structures of
health care systems also have consequences for the
diffusion of technology, especially supply-side
factors such as physician and hospital payment
mechanisms, as well as the regulation of technology
(Moise, 2003a).

Any health system that does not create an incentive
for agents to consider the costs of treatment (i.e.
moral hazard) is likely to promote cost-raising R&D.
As with any investment, if there is no return to cost-
reducing R&D, there is no incentive to undertake it.
It has been argued that the greater emphasis on
cost control in the predominantly state-controlled
(whether by taxation or social insurance) EU health
sector has led to a slower implementation of cost-
enhancing technology (Weisbrod, 1991; Cutler,
2002). The EU health sector has, therefore, been
able to take advantage of the development of new
technologies elsewhere as it has been able to intro-
duce them slowly, after the expensive early stages
of implementation. Whilst there is little evidence on
the overall impact on productivity in the EU, the
result is likely to be lower average costs at the
expense of a delay in implementation.

3.5 The performance
of the EU health sector

Given the share of the health sector in national
income, measurig its performance is extremely
important. Unfortunately, as with many public serv-
ices, the measures employed for private services do
not easily translate to deriving internationally compa-
rable measures in the health sector. National
accounts sources, which often form the bedrock of
estimates for private services, cannot be used in this
sector given the past propensity to measure outputs
by inputs. While EU countries are embarking on
employing quantity indicators to measure real output
changes in the national accounts, this process is still
at the experimental stage. In addition, national
accounts statisticians are concerned with measuring
quality change, an important consideration in the
health care sector given the rapid progress of knowl-
edge and technology, but agreed methods to adjust
for quality have not yet emerged.

Considering sources other than national accounts,
international comparisons of health sectors are
fraught with problems. Whilst measures of aggre-
gate expenditure are readily available (see below),
comparisons of aggregate health expenditure have
been hampered by the lack of theoretical basis for
the determinants of health expenditure (Gerdtham
and Jonsson, 2000).
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This section first considers aggregate performance
indicators, examining the cost of providing health
care and whether variations in costs are related to
outcomes; next it examines why expenditures vary
across countries and whether EU countries have
been successful in containing costs; and, finally, it
looks at the relationship between expenditures and
economic growth. In addition, selected studies at
the microeconomic, disease-based, level are
reviewed; these, are increasingly seen as an impor-
tant method to fill the gaps in aggregate indicators.
Input use and organisational change are also
discussed separately.

3.5.1 Macro indicators
3.5.1.1 How much does health care cost?

Graph 3.2 shows total health spending as a propor-
tion of GDP in the EU and the US in 2000. It is clear
that despite the variation in expenditure within the
EU, all EU countries spend substantially less on
health care as a percentage of GDP than does the

US. In 2000, the highest spender in the EU was
Germany, at 10.6 % of GDP compared to 13.1 % in
the US. In the future, expenditure in the EU and US
must consider the implications of the expansion of
Medicaid in the US to cover the 16 % of the US
population currently without health insurance of
any kind. Given the fact that coverage is almost
universal across Europe, this is likely to increase the
gap in spending between the US and the EU
Member States.

Graph 3.3 shows the total amount of spending on
health care per capita, broken down into public and
private sectors. The picture of overall expenditure is
similar to that in Graph 3.2 but there are changes in
the ordering within the EU. Luxembourg has a
slightly higher per capita spending on healthcare
than Germany. The most notable difference
between Graph 3.2 and Graph 3.3 is the relative
size of the health sectors in EU-15 and in the new
Member States measured as a percentage of GDP
and in absolute $PPP terms. One implication of this
is that differences in per capita spending between
the EU-15 and new Member States are largely due

Graph 3.2: Total Health Expenditure in the EU and US, 2000 (percent of GDP)

Health expenditure, % GDP

Notes: EU refers to the EU-15.

Source: WHO European Health for All Database, 2004 and OECD Health Data 2003, 2nd edition.
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Graph 3.3: Public and Private Per-Capita Health Expenditure in the EU and US, 2000 (USD in PPP)
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Notes: EU refers to EU-15.

Source: ' WHO European Health for All Database, 2004 and OECD Health Data 2003, 2nd edition.

to differences in GDP. Graph 3.3 also shows that
although public expenditure in the US accounts for
a considerably smaller proportion of total health
expenditure than the EU, per capita public health
expenditure in the US is still higher than all EU
countries but Luxembourg.

The reasons for the variations in health expenditure
are unclear. Expenditure may be greater because
the output of its health sector is higher, but also
because it does not operate efficiently or its popula-
tion are generally more prone to illness. Both
output and efficiency may be a function of the type
of system in place. The overall income of the nation
also affects the overall expenditure on healthcare.

3.5.1.2 Is expenditure related to outcomes?°¢

The health of a country’s population is both an
input to and output of the health sector. This is
because the health status of a population reflects

96 There are a large number of output/outcome indicators provided by the
World Health Organisation (WHO).

not only the quality of health care in the country,
but also its dietary and other socio-economic
factors. Countries with higher consumption of
alcohol and tobacco, for example, are likely to place
a heavier burden on their health sectors than
others. Some have argued that differences in health
are due almost entirely to differences in socio-
economic and demographic factors. It is argued
that the amount that can be attributed to the
health sector is minimal (Wilkinson, 1996; Navarro,
2000). Clearly, variables such as wealth, health
expenditure and technology are highly collinear.

Life expectancy, which has been rising over time, is
a commonly used measure of the health status of a
population. There is little variation in this indicator
across the Member States as shown in Table 3.1 but
the US is at the bottom end of the country distribu-
tion, in stark contrast to its position in terms expen-
diture per capita, even if on the basis of life
expectancy at age 65 it fares more favourably. Also,
the US has considerably higher neonatal mortality
rates than the EU (Baily and Garber, 1997) which is
likely related to the lack of universal insurance
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Table 3.1: Life expectancy in the EU and US

Male life expectancy

Female life expectancy at Life expectancy at 65 years,

at birth, years birth, years male and female

1990 2000 1990 2000 1990 2000
Belgium 72.8 74.2% 79.6 80.8% 16.9 17.6%
Denmark 723 74.1* 78.0 78.9* 16.2 16.8*
Germany 72.1 75.2 78.6 81.3 16.4 18.1
Greece 74.8 75.8* 79.6 81.0* 17.1 18.0*
Spain 73.4 76.0 80.6 83.0 17.5 19.0
France 73.4 75.2* 81.8 82.8* 18.7 19.2*
Ireland 72.1 74.0 77.7 79.3 15.2 16.5
Italy 73.8 76.8 80.5 83.0 17.3 19.0
Luxembourg 72.2 75.0 78.7 81.9 16.5 18.5
Netherlands 73.9 75.7 80.4 80.8 17.1 17.6
Austria 72.5 75.6 79.1 81.5 16.8 18.4
Portugal 70.5 72.6 77.5 79.7 15.7 16.7
Finland 71.0 74.3 79.1 81.3 16.2 17.9
Sweden 74.9 77.5 80.7 82.3 17.5 18.7
United Kingdom 73.1 75.7 78.7 80.5 16.4 17.7
EU-15 73.1 75.6 79.8 81.7 17.1 18.4
USA 71.8 74.1 78.8 79.5 17.2 18.0
Cyprus na 75.6 na 80.2 na 17.3
Czech Republic 67.6 71.8 75.5 78.6 13.8 15.8
Estonia 64.7 65.4 75.0 76.3 14.5 15.3
Hungary 65.2 67.6 73.9 76.3 14.0 15.2
Lithuania 66.5 66.8 76.4 77.6 15.7 16.3
Latvia 64.2 64.9 74.6 76.1 14.5 15.3
Malta 73.8 76.0 78.4 80.3 15.7 17.0
Poland 66.6 69.8 75.6 78.1 14.6 15.9
Slovenia 70.0 723 78.0 80.1 15.8 17.0
Slovak Republic 66.8 69.3 75.8 77.6 14.4 15.2

Notes: * indicates 1999 data, ¥ indicates 1997 data.

Source: OECD Health Data 2003; WHO European Health for All Database 2004; Health, United States, 2003, National Center for Health Statistics.

coverage amongst the poorer sections of the popu-
lation and immigrants. Clearly, if the sole interest
were in the performance of the providers of health
care then the US position is not too bad. But if
equity considerations are also given a weight in
performance measures then the relevant outcome
(life expectancy) show the US in a very poor relative
position.

Graph 3.4 plots the relationship between expen-
diture and life expectancy at age 65. The data
suggest that countries that spend more on health
per capita record higher life expectancy.
However, it is clear that there are two distinct
groups, the EU-15 and the new Member States.
For EU-25, the correlation coefficient between life
expectancy and expenditure is 0.75 and is signif-
icant at the 5 % level (although not at the 1 %
level) but for EU-15 alone there is no evidence of

such relationship.®” One reason for this is likely
the general impact of income on life expectancy.
As there may be a positive relationship between
GDP and life expectancy, using expenditure as a
percentage of GDP, rather than per -capita
spending, may weaken the relationship between
expenditure and life expectancy at 65. For
example, Luxembourg and the Slovak Republic
both spend a smaller proportion of GDP on
health than all other EU countries (except Latvia),
but have much different life expectancies -
Slovakia one of the lowest and Luxembourg one
of the highest. The first panel of the graph shows
that this may in part be because the two coun-
tries spend much different amounts per capita on
healthcare, with the relatively wealthy Luxem-

97 This is also true if health expenditure as percent of GDP is used although the
overall relationship is weaker.

e



bourg spending over three times as much.
Clearly, many other factors contribute to life
expectancy beyond the health care system (such
as wealth, diet and lifestyle) and it is difficult to
determine whether there is a significant relation-
ship.

Life expectancy is just one outcome which the
health sector seeks to influence. The evidence on
the relationship between overall spending and age-
standardised death rates (SDR) for ischaemic heart
disease, cerebrovascular disease and malignant
neoplasms are shown in Graph 3.5.

Unlike life-expectancy at 65, there does appear to
be a relationship between overall health expendi-
ture and the SDR for ischaemic heart disease in the
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new Member States but not for the EU-15. Within
the former, countries with higher health expendi-
ture per capita and GDP tend to have lower SDRs
for ischaemic heart disease. Also new Member
States with higher health expenditure per capita
also tend to have lower SDRs for cerebrovascular
disease. There is no evidence of a relationship
between expenditure and the SDRs from malignant
neoplasms at any level. However in the latter case
expenditure on health care is frequently palliative,
relieving symptoms, rather than life enhancing so
that outcomes should also take account of quality
of life.

It is important to note that these indicators relate
only to a small subsection of the health sectors’
services. One attempt to obtain an overall perform-

Graph 3.4: Life expectancy at 65 years and expenditure on health, in $PPP per capita and as a

percentage of GDP
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Graph 3.5: Age-standardised death rates (SDR) for major illnesses and expenditure on health
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